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I nvention can be applied to steel pipe |inings, chem cal plant conponents,
and bi nders for the el ectrodes of batteries, etc, where corrosion

resi stance, weathering resi stance or chemcal resistance is demanded.
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PVDF, so mixtures of these lack flexibility and they have poor adhesion to metais.
25 On the other hand, composites with polycarbonate (JP57-8244), composites with
modified polyolefins having functional groups (JP62-57448), and composites with
polyimides (JP2-308856), and the like, have aiso been proposed, but these
combinations are lacking in compatibility and they are inferior in terms of their
adhesion to metals. In addition, composites with acrylate or methacrylate siastomers
30 have also been proposed (JP4-218552), but nothing is known of the adhasion to

metals system.
PROBLEM TO BE RESOLVED BY THE INVENTION

The present invention has the objective of improving the adhesion of
fluorinated resins to metal materials, and of offering a method for obtaining
35 composite materials of metal materials and fluorinated resins.
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MEANS FOR RESOLVI NG THE PROBLEM The present inventors have found
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moduius of no more than 1.000 MPa and that they exhibit a breaking elongation of at
least 50% and preferably a meit flow rate (MFR) at 230°C under a 2.16kg load in the
range from 0.01 to 300g/10 min.
The fluorinated resins (a) and {(c) may be obtained by the polymerization of
25 vinylidene fluoride monomer or vinylidene fiuoride monomer and other monomer(s)
by the suspension polymerization method or emuision polymerization method, etc,
The acrylic and/or methacrylic polymers (b) are polymers in which the chief
component is an alkyl acrylate and/or alkyl methacrylate and which has, in the main
chain, in the side chains or at the terminals, functional groups which exhibit bonding
30 properties or affinity in terms of metals. As exampies of such polymers, there are the
random copolymers, block copolymers and graft polymers produced by methods
such as radical polymerization, ionic polymerization or co-ordination polymerization
from at least one type of monomer selected from alkyl acrylates and alkyl
methacrylates, plus monomer with a functional group which exhibits bonding
35 properties or affinity in respect of metals.
As examples of functional groups which exhibit bonding properties or affinity in
respect of metals, there can be cited carboxylic acid groups or carboxylic acid
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units such as thmmimomenumth Becashonylic asid graupCcoR£a OMF arid aphydride,groug willo,
and preferably be from 0.2 to 30 wi% of the said copolymer, and more preferably from 1
to 20 wi%. Further, as a constituent component, there may also be included in the
25 molecular chain, besides the above, vinyl monomer such as styrene or modified
units such as imides, but the amount of these will not be more than 50 wt%, and
preferably not more than 30 wt% of the said polymer.
- When the metal-adhesive composition contains (a}, (b) and (c) components, it
contains from 0.5 to 100 paris by weight of an acrylic and/or methacrylic polymer (b},
30 from 1 to 200 parts by weight of vinylidene fiuoride copolymer resin (c) per 100 parts
by weight of polyvinylidene fluoride resin {a).
The metal-adhesive composition of the present invention can be prepared by a
solution process or melt process. In the case of a solution process, the aforesaid
components (a), (b) and (c) may be dissolved in the prescribed proportions in a
35 solvent such as N-methylpyrrolidone, N,N-dimethylformamide, tetrahydrofuran,
dimethyi-acetamide, dimethylsulphoxide, hexamethylphosphoramide,
tetramethylurea, acetone, methyl ethyl ketone or the like, at a temperature lower
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conposed of Zeryiic 6P indtRaéryiid poWaie (b) Glith BBnding properties or affinity in terms of
metals and from 10 to 200 parts by weight of vinylidene fluoride copolymer (c} per
100 parts by weight of PVDF resin (a).
25 In the present invention, the fluorinated composition with improved metal
adhesion can be used as an adhesive agent when sticking a fluorinated resin to a
metal, the said fluorinated resin does not necessarily have to be composed of the
same fluorinated resin as fluorinated resin which constitutes the surface layer.
There can be selected, as the fluorinated resin employed in the adhesive layer, a
30 resin having an appropriate meit flow rate (MFR), copolymer composition and
melting point, according to the adhesion/processing operation.

As exampies of the metal materials employed as the adhered base material in
the present invention, there are iron, stainiess steel, aluminium, copper, nickel,
titanium, lead, silver, chromium, and alloys of various kinds, etc, and the form thereof

35 s not particularly restricted.

EFFECTS OF THE INVENTION
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and in such civadous produsts, andiitss vasable innmany fields such as structural components of
equipment where chemical inactivity is demanded in the chemical, pharmaceutical
and foodstuffs industries, and exterior building materials and industrial materials

25 where weatherability over a prolonged period is required, and also for the binders for
electrodes in lithium batteries, etc.

For the electrode production process of lithium-ion batteries, it is useful to
strengthen the adhesion between the metal substrate of the current collector and the
electrodes' active material layer.

30 There is a great demand for smaller rechargeable batteries possessing high
capacity and long life in portable electronic products (cellular phones, pagers,
personal digital assistants, equipment for personal communication services, hand-
held and laptop computers, video games, cam recorders, etc, electric vehicles. The
lithium-ion batteries (LIBs) are an excellent solution because they are thin and

35 lightweight, do not contain heavy metals than cause environmental problems and
they provide higher energy density than existing nickel-cadmium, nickel-metal
hydride, and lead-acid batteries.



I mprovi ng the adhesi on between the netal substrate (in the case of a
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of lithium-ion batteries. Among PVDF resins, these ones consisting of mixtures of
homopolymer of vinylidenefluoride and fluorinated copolymer(s), the contents of VF2
of the fluorinated copolymer(s) is 50 to 95 wt% and whose amount of homopolymer
of vinylidenefluoride in the mixture is 50 to 99.5 wt% are also preferred.
25 An usual process for making the anode consists of mixing the carbonaceous
material in powder form with a suitable amount of binder and is kneaded with a
solvent to prepare a paste or slurry. Then a collector (generally copper) is coated
onto the paste and is then dried and compacted to obtain the anode.
The lithium-ion battery cathode is generally made of lithium and oxide of
30 transition metals as manganese oxide and vanadium oxide, sulfides of transition
metals such as iron sulfide and titanium sulfide, or composite compounds between
these substances as composite oxides of lithium and cobait, composite oxides of
lithium, cobalt and nickel, composite oxides of lithium and manganese. The cathode
aclive substance can also be mixed with electroconductive substances (usually,
35 carbon) and a suitable amount of binder and is kneaded with a solvent to prepare a
paste which is then applied to a collector {generally an aluminum collector) and is
then dried and compacted to obtain the cathode.
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.subst ance. The bi nder which nust possess high resistance to
solvents and chemcals is 15 generally based on fluorinated resins,
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prepare a C n applied to a collector (generally an

al um num aﬁl I &?’gq%;tﬁ%.%li%"{_p%shﬂﬁhen dried and conpacted to obtain the

cat hode. 2/ wijich gpntainaia) and (c) only, the amount of (c) corresponding to 0.5 to 50

?ET / EP9(71/ 003f16¢t% of the total composition, _ f 7 .
e binders for ¢ fun

are preferably bagie‘gggﬁ%?ﬁ%%@a{bggnrazgf%@ﬂ%e(y QB?@&FQ Erg%ﬂ&} ¥E)%§’e§)? B

el ectrodes, t RO Wit ohthe total eeraposition,and the prpoynt of (Q) opespending to 0.5 to 50

preferabl 203 Wa%l5 parts by weight, with respect to 100 parts by wei ght of
electrode 5 a'ctir n be '

& ect CLikE QHRRSE produced BY! the?Ste ot Rns&iﬁgoafﬁde:emnea

uori nated resins, having 1 nherent oor adhesl!.0 ,t? tals, e

el ect rode ( acmpunis gt e active substanga andobipder iy the presence f) salvan to
obtain a slurry_, coating the resulting slurry onto a collector of an electrode and

drying the slurry, optionally followed by press-moiding. The coated siurry is
25 preferably subjected to heat-treatment at 60 to 250 °C, preferably 80 to 200 °C for 1
minute to 10 hours. The resulting band-shaped electrode can be wound together
with separator sheet to produce a spirally wound cylindrical electrode.
The solvent used to prepare the siurry to be coated on a metal collector can be
water andior an organic solvent as N-methylpyrolidone, N, N-dimethylformamide,
30 tetrahydrofuran, dimethyl acetoamide, dimethyl sulfoxide, hexamethylsulfonamide,
tetramethylurea, acetone and/or methylethyl ketone. Among these solvents, N-
methylipyrolidone is preferably used. If necessary, a dispersant can also be used,
and preferably an nonionic dispersant.
Below, the present invention is explained by means of examples, but the
35 invention is not to be restricted in any way by the said examples.
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However, sufybeifirés adhesi on cannot be achi eved by t hpsrimopRusiue.

The present 1 nvention provides inproved binders consisting of the above

net al - adhesi ve conpositions: 1B which contains(a) and (b) only,

t he amount of (b) corresponding to 0.5 to 20 15 w % of the total
conposition 21 which contains(a) and (c) only, the anount of (c)
correspondi ng t cExanpled 50 wt % of the total corrp05|t|on 3/ whi ch

contains(a) (b) 19663' 4réd b Welig httd?ep in %llétg) B?R? %Wﬁ srbléB
o Sl R i 105 WEA 9] s e °
lI;negdu ng p { ﬁﬂﬂ‘ls%tbyl weight of polymethyimethacrilate irodrhicit maleic sartsidnide chath teen

i nder i 0 ﬂ%ﬂhﬂ?’@o
resul ti ngr5 sl ﬁ‘r@gsﬁ%a o I"ec "t('jébnaer?t g&h{p%?ﬁ é&ﬁ by’ Slﬁﬁ%@@hﬁﬂﬁcal
slurry, opti&Rdiand 7glﬂ%ﬁe’a" é?‘ nsﬂ'umge |C§PQW9"
preferably s(l(wnt@élﬁﬂﬂcsdldahy the applivant, MER &0230’(252.5[(3104({;- 6g/10hvin,aheNing 0

el ect rode colPb42,C) were Hiftdied fudQ ¢ 5'?““"? andy'Snérrinti, Bajets 76 HARiEea
spiral Iy wouffemcihe rV&NH?&%"BI gemphsipg these three W‘ﬁerﬁ’ﬁ'ﬂﬂséd%%ar e

the sluri@y texthsierwithdhe oylireientimperaturé set atr170:240%€. wat er and/or an:
organi ¢ sol vent

t et r ahydr of ur_an @%n% IW\ZBY lgg{rrn‘(é %b8m°?w W g&peff&s using a
hexamet hyl sufiNSR:SAew o ruder, ; & (SeRAAtelyy da&é’ﬁ% 7é9dﬁ|m (B:{ofy thickness

ket one. AnongQ3irat)s and@ seel sheét-(C) of thméssl me Ithshvwemstmeewc%bhwn 4Red.
oecessar Yordsr @:ﬁﬁéﬁ@%ﬁ%s@ir@oﬁﬂ?ﬁ%ﬁghrs‘leon | nven |on ?s exg‘lgﬁm% by

noni oni c_di spersant
means of 1% xaPHessdre of @bopt t0kpiom’. ARt conling §° RAM tempRraiye; 8 2emawide layer pf way

by the sai d Bifewas stripped away from thé/'§le8l/ sia62 @023°C using a tensile testlng machine,
PCT/ EP97/ 00343

Exanple 1 arateof1?881mlml t's Bynmtg?é%r &as&vﬁsﬂrggltﬁepaghpgtgsérgﬂg
of Kynar[er rﬁOU'?QGOb?&ﬂW the applicant, nelting point 170[ err] C,
MFR at 230[ err] @xankdé@ | oad = 129/ 10mi n), 30 parts by wei ght of

pol ymet hag met hacglepf for | dhalifing th8Tr6p6rtions bf Exafple?s 19 2CBarts by weight of the
Sumipex TR and 5 parts by weight of the Kynar 2800 per 100 parts by weight of the
Kynar 710, pellets of the composition comprising these three components were
produced by the same method as in Example 1. When the adhesive strength
bstween the steel sheet and the PVDF resin layer was measured in the same way as
25 in Example 1, it was 310g/cm.
Exampie 3
100 parts by weight of PVDF resin powder sold by the applicant under Kynar
®310F, melting point 160°C, MFR at 230°C/12.5kg ioad = 1.2g/10min), 1 part by
weight of Sumipex TR and 1 part by weight of Kynar® 2800 were introduced into
30 1000mi of N-methylpyrrolidone, and a uniform solution obtained by stirring for about
24 hours at 30°C.
This solution was coated onto 1mm thickness copper sheet and aluminium
sheet which had been degreased with toluene, and then the solution dried for 2
hours at 120°C. The thickness of the PVDF resin layer was ebout 50 pm. When the
35 PVDF resin layer was cut at spacings of 1mm and a cross-cut adhesion test (based
on Japanese standard JIS K5400, 6.15) and a tape peeling test carried out, in
neither test was any separation of the PVDF resin layer noted.



5 introduced as a copol ynmer conponent (Sum pex TR, made by Sum tono

.Chem cal Co.) and 70 parts by wei ght of hexafl uoropropyl ene/vinylidene
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230[ err] C/ 12wakeggatrsad = 69/ 10mi n, nel ting poi nt 142[ eRCREPIYRRE

introduced into a blender and, after mXxing, pellets were produced
fromthe conposition conprising these three conponents using a tw n-screw
10 extruder with the cylinder tenperature set at 170-240[err]C.
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sol ution was coat\diepihe adhasive strength wasspeasured in S, i 3% grﬁxamg]e%.
sheet whi ch hag geing dsfoteaPYDF\résin tiayerewas nuteld tandnthehadhasive: istrengthi wes
for 2 hoyr ll%t 20[err] C. The thickness of the PVDF resin | ayer was
about 50 [errF én the 35 PVDF resin |layer was cut at spacings of 1mm
and a cross-cut oExampias test (based on Japanese standard JI S K5400,
6. 15) andg@ tape Psiagiago-ertiideracomprisirga co-extrusion hesdd foerobtainingva twarigyer
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(extruder A having a screw of compression ratio 3.5 and L/D = 15 and extruder B
having a screw of compression ratio 4 and L/D = 20), PVDF resin sold by the
applicant under Kynar®740) was extruded from extruder A and the adhesive
25 composition obtained in Example 1 was extruded from extruder B, to produce a
composite film comprising a 0.3mm PVDF resin layer and a 0.1tmm adhesive layer.
The cylinder temperatures of extruders A and B at this time were 170-240°C and
150-220°C respectively.
When the adhesive strength between the film obtained and steel sheet was
30 measured by the same method as in Example 1, it was 1.9kg/cm.

Comparative Exampie 1
100 parts by weight of PVDF resin pellets Kynar ®710) and 30 parts by weight

of a copolymer of maleic anhydride and methyl methacrylate (Sumipex TR sold by
Sumitomo Chemical Co.,) were introduced into a blender and, after mixing together,

35 there was produced a film of thickness about 0.1mm using a twin-screw extruder set
at a cylinder temperature of 170-240°C.



Exampl e 4 Excepting that, as the acrylic polyner wth functiona
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sol uti on of metal -adhesive conposition wast®hrepared in the sane way as
in Exanpl e 3. When the adhesive strength was neasured in the same way as in
Exanple 3, no peeling of the PVDF resin |ayer was noted and the adhesive
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Exanpl e 1 was extGomparativekxampledier B, to produce a conposite film
conprising a 0. 3rmDOM4ets byeweight of Kynan®B0t Flaridrinpart taswaight efySumipex TR Wefe
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(Sumi pex TR sRuelingjest all theRVDF |ayerspparated awdy. ) were introduced into a

bl ender and, aft @&xample®g together, 35 there was produced a film of

i cknessEbot | B TGRS Buioh "lvlaS ThaU by "SSP 10 pard By CWelght °tr

polyvinylidenefiuoride Kynar®500 and 0.1 part by weight of a methacrylate
copolymer {MFR at 230 °C/3.8 kg : 2.4 g/10 min ) comprising 100 parts by weight of
methyimethacrylate and 10 parts by weight of maleic anhydride in N-
methylpyrolidone. Then, S0 parts by weight of coal pitch coke crushed in a ball mili

25 as anode activ substance was added to the solution to obtain a siurry (paste). The
slurry was coated on both sides of a copper foil of thickness 20 um, heated at 120
°C for 1 hour, dried under reduced pressure and then press-molded to obtain a
cathode of thickness of 140 ym and of 20 mm.

A cathode was prepared as follows :

30 90 parts by weight of LiCoO2 as cathode active substance, 6 parts of graphite
as electro-conductive additive, 10 parts by weight of PVDF as binder and 0.1 part by
weight of the above-mentioned methyimethacrylate-maleic anhydride copolymer
were mixed and dispersed in N-methyipyrolidone to cbtain a siurry (pasts). The
slurry was coated on both sides of an aluminum foil of thickness 20 ym, heated at

35 120 °C for 1 hour, dried under reduced pressure and then press-molded to obtain
anode having a thickness of 170 um and of width 20 mm.
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.10 When the adhesive strength in ternms of steel sheet was
nmeasured by the above nmethod, using this filmand a

separ at el y- pgepahkese Kynar[err] 710 fil m (of t hi ckness @C3ERY7/00883e val ue
was no nore than 1 kg/cm Conparative Exanple 2 5 100
parts by wei ght of PVDF resin powder (Kyr?z!r[err]301F) was dissolved in
1000m of N-nethyl pyrrolidone and a sol ution produced. Then, in the sane
way as in Exanple 3, a PVDF resin Iaégr was formed on netal sheet.
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a slurry as slurry was coated on both sides of a copper foil
of thicknkss ‘h\cyﬁ'éat ed at 120 [err]C for 1 hour, dried under
reduced pressure Exathpliei8n press-nolded to obtain a cat hode of

]Eg: f(‘;g\g?sggf 140 'ir%fﬁrg&@&s i@b &Exigﬁﬁﬂras,re eated Pﬁtﬁﬁdfﬂédﬂeﬂﬁ&ryl&t@t ¢ Bopelgman
Subst ance. 6 WA coanget, IS, & bipH w'vgge%ﬁ%ﬂi@é % RS HaLGIAE 4k gpd 2
parts by wei gtapalymerVvbiocks chinptising amethyimethaenyats, and acpuicgpeidof{acrylic acid
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Sl urry was. colndiepntigide sha fexgpdormpRRsiand, Sl ik Spilicaly WBast e W
heated at 36 280K wasrusea 16 prepare bath anadesand gathgde: educed pressure and then
press-nol ded to oQhsbdadhesiorrbétd@eh e Blbciodds afd'scolibctbrdwaensoted: dsl of
W dth 20 MM ilectors cannot be removed from the surface of the electrodes when peeled off
25 with a cutter-knife.
A cell was manufactured by the same method as Exampie 1 and the same
charge-discharge test was effected. The capacity of discharge after 100 cycles was
85 % of a value of 10th cycle.

Comparative Example 4
30 The same procedure as Example 7 was repeated but no methacrylate

copolymer was added to the slurry during the preparation of both anode and
cathode.
No part of collector remains on the electrode when peeled off with a cutter-
knife.
35 A cell was manufactured by the same method as in Example 7 and the same
" charge-discharge test was effected. After 100 cycles the capacity of discharge was
50 % of a value of 10th cycle.
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A good adhesi on between the el ectrodes and the collectors was noted: the
col l ectors cannot be renoved fromthe surface of the el ectrodes when peel ed

of f Wi ter-knife. The resulting cat W gqode
were | am nat‘g‘c)i%a ernately through a filmof 5 porous po ypropﬁf"eneof
t hi ckness of 25 [err]mas separator to foggn a |am nate of

separ at or/ cat hode/ separ at or/ anode/ separ at or whi ch was wound up spirally to
obtain a cylindrical electrode assenbly. After lead wires were

attached to respgfg,h%gg el ectrodes the el ectrode assenbly was packed

In a stainless C on e was poured. The

n el ec
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A good adhesion between the electrodes and the collectors was noted : the
coltectors cannot be removed from the surface of the electrodes when peeled off
with a cutter-knife.

The resuiting cathode and anode were laminated alternately through a film of

25 porous polypropylene of thickness of 25 um as separator to form a laminate of
separator/cathode/separator/anode/separator which was wound spiraily to obtain a
cylindrical electrode assembly. After lead wires were attached to respective
electrodes, the electrode assembly was packed in a stainless container into which
an electrolyte was poured. The electrolyte is 1 M LiPFg solution dissolved in an

30 equivolumic mixture of propylene carbonate and 1, 2-dimethoxyethane.

In the charge-discharge test, the battery was charged with a current density of
30 mA /1 g of carbon to 4.1 V and then was discharged with the same current to 2.5
V. The same charge-discharge operation was repeated to evaluate the capacity of
discharge. The capacity of discharge after 100 cycles was 90 % of a value of 10th

35 cycle.



35 A cell was manufactured by the sanme nethod as in Exanple 7 and the

sane charge-di scharge test was effected. After 100 cycles the capacity
of discharge was 50 % of a value of 10th cycle.
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12 Exampl e 9 A binder solution was nmade by

di ssolving 10 parts by wei ght of pol vgi nyl i denefl uori de Kynar 500 and
0.3 parts by weight of a copolymer of vi nyl i denef | uori de and

hexaf | uor opr opyl ene (contents of hexafl uoropropylene: 10 % 5 by weight, a
product of Elf AtMnar [err]2820 MFR of 1.0 g/10 min at 230 [err]C

under a load of 2 pi‘é&edhfb éwéﬁﬂ at%dbﬂi%ﬁhwﬂ :db%ﬂéorﬁﬁé&&o@hﬁ (Of

coal itch cqke shed | ve S ange ‘wa
added to the WaschagoRd 9@ m@meor. vipy F’ﬁ?‘?@-‘ @ ey o6 téore?@wfegz nat
coated on bot |2820dwelght canbnmefrtetraﬂuomgtwlam 124 84 rMER of B pitGamih ah23Q °C

surfaces hgve@g dym@fglk 18\pr. gntghoaganargeééghag@er No. 1000, heated
at 120 [err]C for

ot esa- i ded to_ ofY R Biess e, e Si¥3 §° eollacrd Hes, P i ez

mm cauwonsommtaemeemedcfrmn the Isudace of thep alectroties whiegihyteeléd off
Li Cod err] as gt &35 knife. active subst ance 6 parts of graphl te as

el ectro-conducti v | t| ve and h sa PVDF
and 0.3 %by weig w?ﬂé“@"&#@“?ﬁ‘i’gﬁ' B\?p}ﬂdeg S fame

m xed and10i smhamulsmakgmquswﬁﬂctam ﬁhetaapabutxaoﬁdlacharge raﬁe( HoR cygles was
The sl urry wags®@df adaiie &0fi0h 8vddes of the alum numfoil whose surface have
been roughen&d Erevrvgfélﬁ E%gEmery paper No. 1000, heated at 120

[err]C for 1 hour; r reduced pressure and then press-nol ded
to obtai n anode oﬁhewmﬂa&ommmeﬂmsmpmmﬂmﬂnﬂideﬁeﬂmm copolymer A

good adhesi on gt t&%gg odad, t he coI | ectors was noted:. the
é[;?;@ colfecmrs

col | ect org_cannot e surfa e el ectrodes en, peel ed
of f th a remaing on PFFﬂﬁe%ﬂP%B%qaﬂ\éﬂ

wer e | am nat e@uae!t-le'nieatel y through a filmof 25 porous pol ypropyl ene of
thickness of 25 [g lma%ﬁnmaétﬁi?ﬁb the'stimB Melndddidh Ex@inple 9 and the same

cbiain & @Bge’eﬁﬁ%ﬁzazé S lostwes SRcRa Al W"w?e@r“*ﬁégéﬁé‘ﬂ&piﬁ‘a@%% vas
attached to r & of avalue of 10th eyle.odes, the el ectrode assenbly was packed
in a staippess cow nto which

A binder solution was made by dissolving 10 parts by weight of PVDF Kynar
500, 0.1 part by weight of a methacrylate copolymer {melt flow index of 2.4 g/10 min
at 230 °C under a load of 3.8 kg) comprising 100 parts by weight of
methylimethacrylate and 10 parts by weight of maieic anhydride, and 0.1 part by

25 weight of a copolymer of vinylidenefluoride and hexafluoropropylene Kynar®2800
MFR of 0.2 g/10 min at 230 °C under a load of 2.16 kg) in N-methylpyrolidone. Then,
90 parts by weight of coal pitch coke crushed in a ball mill as anode active carrier
was added to the solution o obtain a slurry {(paste). The slurry was coated on both
sides of a copper foil of thickness 20 um, heated at 120 °C for 1 hour, dried under

30 reduced pressure and then press-molded to obtain an anode of thickness 145 um
and of width 20 mm.

A cathode was prepared as follows: 90 parts by weight of LiCoO2 as cathode
active substance, 6 parts of graphite as electro-conductive additive, 10 parts by
weight of PVDF, Q.1 part by weight of the above-mentioned methacrylate copolymer

35 and 0.1 part by weight of the above copolymer of vinylidenefluoride and
hexaflucropropyiene as binder were mixad and dispersed in N-methylpyrolidone to
obtain a slurry {paste). The slurry was coated on both sides of an aluminum foil of



an electrolyte was poured. The electrolyte is 1 MLiPFerr] solution
di ssolved in an 30 equivolumc m xture of propylene carbonate and 1,

2- di met hoxyet hane. In the charge-di scharge test, the battery was
charged wit Ry %ﬁent density of 30 M/ 1 g of carbﬂgxr E¥yrdests V and
then was di sc‘ﬁarge with the sane current to 2.5 samne

char ge-di scharge operation was repeated togeval uate the capacity of
di scharge. The capacity of discharge after 100 cycles was 90 % of a val ue
of 10th 35 cycle. WD 97/ 27260

PCT/ EP97/ 003 #fiickness 20 um, heated at 120 °C for 1 hour, dried under reduceagpress re and
Exanpl e 10 tlf'u

vi nyl i denef | mﬁfmfg-"% ?%&%%ure G %%?551 ¥ reﬁgrﬂ% ‘HB%) mm.
vi nyl i denef | uor i Agosddadhesionibalween:the elesieodesyandithe collectors s nated hthe

contents Of t:eﬁéaéﬂsmei e tetdvied Arorilthe\§URk of tHE él@cﬁbdbs?\ivhé’r?’geé@& 'th S
under a | C}b 2. ég W to prepare an anode and a cath

good adhe |o & ® el ectrodes and the collectors vvas not ed: the

col l ectors cannoThﬁeeswmedhbdemdmmmmdaminaledaaheraatGmMuQMGmlmeaﬂ ed

?rIaI hod asWE;zEOﬁ,I%U Ién%sgf thn%ness g? lhs.c a?fﬁ&?g%ﬂﬁeg g&:étw g
The capaci t y SSPagIoY/ ET%}@’SQPF@E{M g‘%‘f‘ RWE%SW‘% ¥P § \'/’%' @‘Eﬂ‘a'ﬁ.'Oth
cycl e. a cylinGricglaelecirode mssambly. 5 After lead wireBhwere @ttadhed tof reSpectivec 9

was repegged eiséiroaes Vthayéledﬁmf éss%uaeuﬁe ckF in o stainkids &:ﬂ%ﬁert iftd

ich
oY oL ChB i ik ayres, 108 Siscilyteds 1M 3pliion ot LIBES Sszoiva i g
manuf act ur ed eivokinic mbdurecofipsopyiens carbonatel anddt, 2rdimethoxyethane.

G5 o o P S oo i et oty o
A bi nder sol §P.%’W§s°frfét§%°'b§? quvﬁs tﬁﬂ Wﬁp}m%

500, 0. 1tparV. b%m@btd&g&dmmemtmnmrqpﬁteq tocévaltidte the cepacityfof2. 4
g/10 mn .sehaééorherdabsc&wm;saaé a&fef 180 %gasé wasrgs % ohd vla% oe46tR Py

wei ght of thyl met hacryl at e and 10 parts wel ght of malelc
anhydri de, amﬁd ® 1 part by 25 weight of a copolynmer of vinylidenefluoride

and hexaf | uor oprﬁmﬂg@(ynar [err] 2800
The procedure of Example 11 was repeated but the methacrylate copolymer

20 was replaced to a block copolymer consisting of methylmethacrylate block and a
copolymer block comprising methylmethacrylate and acrylic acid (weight contents of
acrylic acid : § %) and the fiuorinated copolymer was replaced by a copolymer of
vinylidenefluoride and tetraftucroethylene {(weight contents of tetrafiuoroethylene :
27 %, MFR of 3 g/10 min at 230 °C under a load of 2.16 kg) to prepare an anode

25 and a cathode.

A good adhesion between the electrodes and the coliectors was noted : the
collectors cannot be removed from tha surface of the slectrodes when peeled off
with a cutter-knife.

A cell was manufactured by the same method as Example 11 and the same

30 charge-discharge test was effected. The capacity of discharge after 100 cycles was
92 % of a value of 10th cycle.

Comparative Example 6

The same procedure as Example 1 was repeated but the methacrylate
copolymer and the fluorinated copolymere were not added to the sluny in

35 preparation of both anode and cathode.

No part of both collectors remains on both electrodes when peeled off with a
cutter-knife.



MFR of 0.2 g/10 mn at 230 [err]C under a load of 2.16 kg) in

N- et hyl pyrol i done. Then, 90 parts by weight of coal pitch coke
crushéd in a ball m|l as anode active carrier was added to the
solution to oMOH#737260s| urry (paste). The slurry was coat ed OCTEPFI0313
sides of a copper foil of thickness 20 [err]m heated at 120[err]C for 1
hour, dried under 30 reduced pressure and tign press-nolded to obtain an
anode of thickness 145 [err]m and of width 20 mm A cat hode

was prepared as follows: 90 ﬁarts by wei ght of LiCo(Jerr] as cathode

active substance, 8 ﬁ?g?“l'%s menytagiured by 486 sametmethed g it Examplaidi @nddhe same
parts by chargetdischadry®lest vab effected) VAfleP 100t cyefestthe capasify SENLERIEE was
nmet hacryl ate cgggh*ggrdméogwmhg¥ part by wei ght of the above copol yfrer of
vi nyl-i denef | uori de ang hexat T tor opropyl ene as bi nder were m xed and

di spersed in N-nethyl pyrolidone to obtain a slurry (paste). The slurry
was coated on both sides of an alum numfoil of WO 97/ 27260

PCT/ EP97/ 00313 14

thickness 20 [err]m heated at 120 [err]C for 1 hour, dried under reduced
pressure and then press-nolded to obtain an anode of thickness 175
[err]mand of width 20 mm A good adhesi on between the

el ectrodes and the collectors was noted: the col l ectors cannot be
removed fromthe surface of the el ectrodes when peeled off 5 wth a
cutter-knife. The resulting cathode and anode were | am nated
alternately through a film of porous pol ypropyl ene of thickness 25
[err]mas separator to forma | am nate of

separ at or/ cat hode/ separ at or/ anode/ separ at or whi ch was wound up spirally to
obtain a cylindrical electrode assenbly. After lead wires were
attached to respective 10 electrodes, the el ectrode assenbly was packed in
a stainless container into which an electrolyte was poured. The

el ectrolyte is 1 Msolution of LiPF[err] dissolved in an equi vol um ¢

m xture of propyl ene carbonate and 1, 2-di nethoxyet hane. In the
charge-di scharge test, the battery was charged with a current density of

30 M /1 g of carbon to 4.1 V and then was di scharged with the sane current
to 2.5 15 V. The sane charge-di scharge operation was repeated to eval uate
the capacity of di scharge. The capacity of discharge after 100 cycles
was 95 % of a value of 10th cycle. Exanple 12 The
procedure of Exanple 11 was repeated but the nethacryl ate copol yner



20 was replaced to a bI 0cC onsi sting of nethyl nethacryl ate
bl ock and a copol w“‘ﬂmmﬁﬁlﬂm ng met hyl net hacryl ate and acrylic
aci,d*(wei ght contents cid: 5 9% and the fluorinated

copol ymer wgspoémpiedced by a copol yner of vi nyl i denef | p¢ayppdHee3id

tetrafl uoroet hyl ene (weight contents of tetrafl uoroethyl ene: 27 % MFR
of 3 g/10 mn at 230 [err]C under a | oad QlfG 2.16 kg) to prepare an anode 25
and a cat hode.. A good adhesi on between the el ectrodes and the
coll ectors was noted: the col l ectors cannot be renpoved fromthe
surface of the elGlaimsdes when peel ed off with a cutter-knife.

A cell was manufacture %c?,g Qqcﬂ@:ﬁ?ﬁ he a

char ge- di schaf{,ﬁe test \;*/aelsme ect e capaci im?%é%ﬂ%élag ?

cycl es was BY GOERWPOgets|: e of 10th cycle. Conpar ati ve
Exanpl e 6 (a)at‘taestsaaﬁ’fdbﬁrresm,dure as Exarrpl e 1 was repeated but the

rethacryl gle  (bEaPRaYETaciit i rLrl o 55lyfHP RVE oG BRlura g

to the slurry ar at
part of both %\Gl Bgﬁ'g ph'@ﬂg?f\ éEQ‘F’(?des when peeled off with a
cutter-knife,. (c) at lew3t anidyliéne fluorida copolymer resin.

was. manut act ur ed 2by ¢ nSOTResiion secording to clpm 1 coptaiging Jror 0.5 to 100 pars by
char ge- di sch t Q"M' ﬁ@&mw'emmdpblfmﬂm@mw weight of
di schar gdOwavinyliGéne ffluaridelcopolymet Gesincic) iper 100 parts by wdighPéf Wﬁ’\yhdem
PCT/ EP97/ 003 ¥3ioride resin (a). 6

3 Method for the adhesion of fluorinated resins to metals, characterized
in that the composition as defined in claim 1 or 2 is carried out as adhesive agent
between the fluorinated resins and the metals.

15 4. Method for the adhesion of fluorinated resins to metais, characterized
in that the fluorinated resins to be coated to the metals is replaced by any one of the
compositions as defined in claim 1 or 2.

5. Electrode's binder made of a composition as defined in claim 1 and

which contains (a) and (b} only, the amount of (b) corresponding to 0.5 to 20 wi% of
20 the total composition of the binder.

6. Electrode’s binder made of a composition as defined in claim 1 and
which contains (a) and (c) only, the amount of {c) corresponding to 0.5 to 50 wt% of
the total composition of the binder.

7. Electrode’s binder made of a composition as defined in claim 1 or 2

25 and which contains (&) (b) and (c) only, the amount of (b) corresponding to 0.5 to 20
wit% of the total composition of the binder and the amount of (c) corresponding to 0.5

to 50 wit%.
8. Electrode comprising a metallic collector coated on the electrode
comprising an active substance and a binder according to claim 5 to 7.
30 9, Battery and/or cell comprising at least one electrode as defined in claim

8, and preferabily lithium-ion battery and/or cell.
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Indusirielle, Cours Michelet-La Défense 10, F-92091 Paris-
La Défense Cédex (FR).

(34) Titlet METHOD FOR THE ADHESION OFFLUORINATBDVRESINS’I'O METALS
(57) Abstract
The cbjective of the present invention is to offer a method for improving the adhesion of fluorinated resins to metal materials, and

for obtalning composite materials of metal materials and polyvinylidene fluoride resins. A metal-adhesive fluorinated composition can be
uted as an adhesive agent between the finorinated resins and the metals or can replace the fluorinated sesins.




