WO 97/ 32347

PCT/ EP97/ 00998 SPECI FI CATI ON

Bl NDERS FOR ELECTRODES AND THEI R PRODUCTI ON METHOD TECHNI CAL

FI ELD This invention relates to el ectrodes whi chpeiapofigoosssed i n
batteries and VERPFE3475 such as lithiumion batteries and cells and the
production nethod of the-said el ectrodes. PRI OR ART

There is a great denmand for, small secondary cells having a high capacity
and a long life in portable indggiipidSnioNch as portabl e tel ephone

b um i on col 1S ar o (AURGARS. R ERECaRAES mMBHERY, AborEIRN) oo < ©

Known anode acti vieoHnicoulFsgences in the lithiumion cell consist generally

of - car bonacegiig ifyhfidn Pél@;ﬂt?gleéﬁo&é%‘%iaﬁc&ﬁs@%é&id BitteridBiapl EdIR,
lithiumions can be ..~ ~doped or released reversibly . (JP-A.62-90863).
Usual |y, & p&WeRaras 'Wfﬁ?‘[ﬂfh%@ irRs agd IFe?'?‘EIYhef ?r?f#%gén vﬁ“éﬁmi %u&\eé%ﬁ'%
amount- of a lelectredesind i s kneaded with a solvent in order to prepare a
paste. A collect opR,bﬁﬁkl?en coated with the paste and is dried and. :

ted t bt t K { ti tar.
cubotances. i n t hoTHRreiE 8 ared demans T sruslLsecs ARy ST Aain & Fidh) Gintity ang)
met al s oxi desm leng lifeain prrteipen instrumentscsuchdasyvpariablaitalephione sets, videgecamgrag 0

transitiqg Mahal fotedtok lgﬁe jePsbnal chinpaterd) tbtd. | LiIIMUIBNS bélfs 8. fullireRpPaedt e
conpounds of , the jabove substances and lithium such as conposite oxides
of lithium aﬁﬂ%@f?e, S conposi te oxides of |ithium cobalt and nickel,
conposi te oxi des Known enederaglivator substanresindbe lithiur-ien celh sensistigepgrably of

subst ance al gardonatéoifsthmaterilisauch a8 oke-or graphite intd whichviheditfiiomaonecdrubaal | y

n ordbr 1o HOBHA PEeiER@RP ety TrTANER0mA, Usuetly, a FRAGEF S irplngbens 1AM
i s dri ed 18nd materialds mikedgvilibe suitable 8MOHBILAS & binder and is kneafled Wil 2 gpiveryin

secondary bator@drito [priepartavpaste. A gbllectoriis triencepatan witl thelpastaiaot is dried and
Qeactive species generated by the
0

of ten used agy, EE&&Q&&B@%%%QB to sol vent i

the 30" manuf act UKEoW Cabeds setior aubsfRaovs e MRlEGR o ERDER SRt "
the above  transitionmetaisaoxidesi such@symanganede oside rdi wemadioyppyide,csiiifides of
Hovveve(rjh@dDF tfd?'éitiaﬁtrﬁél’tgls suchtaﬁfitdf'\c’sfd'lﬁl:%t At itRAASsLIfide) V7 LoMposiRY Cormpdifiaent | y
Bast 1y 1 rom & dboa sbsibeps Soq e sueh of B8 cuieR o it 350 80826°
results that composite cxisescyfc fithiup, oprbeltyard nickel, |qomposite ixidescef lithiym and
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conductive substance (usually carbon) and a suitable amount of a binder and is
25 kneaded with a solvent in order to prepare a paste which is then applied to a
collector and is dried and compacted to obtain a cathode.
The binder for secondary battery must have a high resistance to liquids which
are often used as electrolytes and to active species generated by the
electrochemical reactions and also to solvents which are carried out during the
30 manufacture of the batteries and cells. A binder which satisfies the above
requirements is polyvinylidenefluoride (PVDF) resin . However PVDF resins and
fluorinated resins in general have inherently poor adhesion to metals, so that the
activator substance separates easily from the metallic collector for both cathode and
anode and it results that an inferior cycie property of the lithium-ion cell.
35 JP-A-5-6766 has proposed to roughen the collectors * surface in order to
increase the anchoring effect of the fluorinated resins. However, a sufficient
adhesion cannot be obtained in carrying out this technique.
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copol yner of vinylidenefluoride (VF2) and a car boxyl gr oup- cont ai ni ng
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0,1 % by welght the adhesaon betw en the e?éct c{:vJ(or and the coliector is
poor ; if the content is more than 20 % by weight, the binder's resistance becomes
20 poor and an important swelling caused by the contact with the organic solvents used
as electrolytes (for instance ethylenecarbonate, propylenecarbonats, dimethyl
carbonate, diethyl carbonate etc) is cbserved. Consequently both low and high
content of acrylic polymer have a bad influence on the performances of the
electrodes and of the secondary celis. These drawbacks become particularly serious

25 when the temperature is higher than 50 °C.

The collector for both electrodes (anode and cathode) may be a metal foil, a
metal mesh, a thres-dimensional porous block or the like and is preferably made of a
metal which does not easily produce an alloy with lithium as iron, nickel, cobalt,

. copper, titanium, vanadium, chromium and manganese or one of their alloys.

30 The anode activator substances can be any materials which permit doping
and releasing of lithium ions and are generally carbonaceous materials including
cokes such as petroleum cokes and carbon cokes, carbon blacks such as acetylene
black, graphite, fibrous carbon, activated carbon, carbon fibers and sintered articles
obtained from organic high polymers by buming the organic high polymer in a non-

35 oxidative atmosphere. Metal oxides as copper oxide can also be added to the anode

activator substance.
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they may be dI P %’f‘er atf yl m? ?hy(ilac et yimethacrylate,
ethylmethacrylate and butylmethacrylate. The amount of these monomers in the

acrylic polymer(s) is preferably more than 80 % by weight of the acrylic polymer.
Preferably, the acrylic polymers have 0.2 to 20 parts by weight, preferably 1 to
25 10 parts by weight of carboxyl group or carboxyl anhydride groups. The monomers
containing carboxyl group or carboxyl anhydride group may be unsaturated
carboxylic acids as acrylic acid, methacrylic acid, crotonic acid, maleic acid, fumaric
acid, alkenyl succinic acid, acrylamideglycolic acid and monoallyi-1, 2-
cyciohexanedicarbonate and unsaturated carboxylic anhydride such as maleic
30 anhydride and alkenyl succinic anhydride.

The acrylic polymers as defined above can be grafted to the fluoroplastic by
graft reaction with the heip of at least a peroxide effected after the polymerization of
the fluoroplastic, by means of radiation or by polymerization of the fluorinated
monomers (of the-said filuoroplastic) in the presence of the acrylic polymer(s).

35 The graft reaction with peroxide(s) is carried out in heating a mixture of the
acrylic polymer and the fluoropiastic in the presence of the peroxide(s). The reaction
can be carried out in molten condition or in a soivent. If a solvent is USed, the acryl
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used to prepare the slurry to be coated on the collector can be water or organic

25 solvents such as N-methylpyrolidone, N, N-dimethylformamide, tetrahydrofuran,
dimethyl acetoamide, dimethyl sulfoxide, hexamethyisuifolamide, tetramethyiurea,
acetone and methylethyl ketone. These solvents can be used alone or in
combination. Among them, N-methylpyrolidone is preferably used. if necessary, a
dispersant can be also be used. Nonionic dispersants are preferred.

30 ADVANTAGES OF THE INVENTION

The present invention provides electrodes whose adhesion between the

electrode activator and the collector is improved. When these electrodes are used in
batteries, the capacity of discharge is not deteriorated after repeated charge-
discharge cycles. The present invention is useful particularly in lithium-ion celis.



coated on a surface of the collector, dried and then press-noul ded into an

el ect rode. The slurry is heated before or after its application to the
.-col l ector according to the per oxi de(s) 's nature. The
- binder is preferably added in a range from1l to 30 parts, preferablM to
20 15 parts byowsingd to 100 parts by weight of the el ectr od®HER?
Ot her additives such as el ectro-conductive agents (copper oxide) aI so
can be added to the el ect rode-f orm ng subst ance. The

solvents used during the graft reaction with peroxide(s) or the solvents
- used to prepare tHEEANSTO SOUME THE INMENTION on t he col |l ector can be water or

organi c 25 sol venggy as N-net hyl pyrolidone, N, N-dinethylformm de,
t et rahydr of ur an, | ITe | acetoam de, dinethyl sulfoxide,
hexanst hyl sul fola ' ur ea, acetone and net hyl et hyl

ket one. These sol véh¥sbyweight ofia VDR bamopelymer (sold by dribAteshemrundanifygar®

E:gﬁmbel\;rghﬁgmr’ggl d@Ngﬁldé’fO ﬁfﬁE?QS@bgnl%ﬁgég al !636%?9 OQ‘) 02 % by wlighPef aant

ADVANTAGES CRSGFVEE FARRIXECINIF - Lae ’""’rﬁéaé‘?eé efﬁ&@ﬁ? 8?1 -Gy PoYDRrising

el ectrodes whil@ patiseby oweigbt \of emethylmethacrylate and d@ perts \byt eveightdoft Imaleic

col l'ector is bﬁwllsg akfieB.g s gy elviight o6fe benk IHér%ﬂldbnwere deﬁéWéH iAS N-
methyipyy

12051 g, e Kt o AR A 13 (LR i bon v

dlscharge cyclg
lithiumith cpdnllrsd into methanol to colleabtieEypaigmerwhich has precipitated.

PCT/ EP97/ 00998 The [asulting polymer was extracted with chioroform by reflaxin the polymer
Beanpl e 1 for 6%3&% 2 %‘Mﬁﬁmﬁo g@ﬁ n%mépvnsﬁoeg'mﬁ oo to
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Preparation Example 3
9 % by weight of the PVDF of Preparation Example 1, 1 % by weight of the
copolymer of Preparation Example 2, 0.2 % by weight of the same acrylic polymer of
25 Preparation Example 1 and 0.5 % by weight of benzoylperoxide were dissolved in N-
methylpyrolidone ; the solution was then heated at 120 °C for 30 minutes and then
was poured into methanol to collect the polymer which has precipitated.
Example 1
8 parts by weight of the grafted PVDF copolymer of Preparation Example 1
30 (binder) was dissolved in N-methylpyrolidone and S0 parts by weight of coal pitch
coke crushed in a ball mill as anode activator carrier was added to the solution in
order to obtain a slurry (paste). The slurry was then coated on both sides of a copper
foil of 20 um thickness, dried at 120 °C under reduced pressure and then press-
moulded to obtain an anode of 145 um thickness and of 20 mm width.
35 in order to prepare a cathode, 92 parts by weight of LiCoO2 as cathode
activator and 6 parts of graphite as electro-conductive additive were dispersed in a
solution of N-methylpyrolidone in which 8 parts by weight of the same binder that




spectroscopy ; a clear peak at 1740 cm 1 was found that corresponds to the
15 absorption caused by the carbonyl groups. Prepar ati on
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8 % by welght of the PVDF used in Preparation mple 1 (Kynar500) 0.1%

by weight of the acrylic polymer used in Preparation Example 1 (binder) and 0.2
parts by weight of diisopropylperoxydicarbonate were dissolved in N-
methylpyrolidone. 90 parts by weight of coal pitch coke crushed in a ball mill as

25 anode activator carrier was added to the solution to obtain a slurry (paste). The
slurry was heated in a closed system to prevent solvent evaporation at 80 °C for 30
minutes and then was coated on both sides of a copper foil of 20 um thickness, dried
at 120 °C under reduced pressure and then press-moulded to obtain an anode of
140 pm thickness and of 20 mm width.

30 In order to prepare a cathode, 92 parts by weight of LiCoO2 as cathode
activator and 6 parts of graphite as electro-conductive additive were dispersed in a
solution of N-methylpyrolidone in which, as binder, 8 parts by weight of PVDF, 0.1
parts by weight of the acrylic polymer as defined above and and 0.2 parts by weight
of diisopropyiperoxydicarbonate were dissolved to obtain a slurry (paste). The slurry

35 was heated in a closed system to prevent solvent evaporation at 80 °C for 30
minutes and then was coated on both sides of a aluminum foil of 20 um thickness,
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~activator carHqisgh cy¥1a8s Wit  Viius f 1ith@ycieC obtain a slurry (paste). The
i slurry was heat ed én a !clised systemto prévent solvent evaporation at 80
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and of 20 nm w oy der od 92 parts by

Mol ght of L1 Cocp oA aoodkahesion bokwaen basd pRitndes ai S ciecossrattiates was

. el ectro- condunbteds the @ladtrode\activatdr rgmaine dnithe alectrode sarfaeeas wierothe electrode
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" slurry (pastejestwrs effecteg. 3'5!6 results davealed that ﬁieoswaﬁysqfedtscmrpe eaftent 150

. sol vent evapow&egwagtgm c{fgr\fd@{,pmtﬁg . m nutes and then was coated
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: noted : the electrode activator remains on the electrode surfaces when the electrode
activators deposited on the electrodes were peeled off by a cutter-knife. A cell was
manufactured by the same method as Example 1 and the same charge-discharge

25 test was effected. Results revealed that the capacity of discharge after 150 cycles
was 95 % of a value of 10th cycle.

Comparative Example 1
The same procedure as Example 1 was repeated but PVDF Kynarsoo was
used.

30 When carbon pitch coke deposited on electrode was peeled off by a cutter-
knife, substantially no electrode activator remains on a surface of the copper
electrode. A cell was prepared by using the resulting electrode in the same manner
as Example 1 to find that the capacity of discharge after 100 cycles was 50 % of a
value of 10th cycle.



5 electrode activators deposited on the el ectrodes were peeled off by a
cutter-knife. A cell was manufactured by the sane nethod as in Exanple
-1 and the sane charge- di scharge test was effected. The results
"reveal ed that the capacity of discharge after 150 cycles was 93 % of a
val ue of 10t {yoaaasy7 Exanple 3 10 The pr ocCRERERI7TBAMNEX anpl e
1 was repeated but the grafted PVDF of Preparation Exanple 2 was used.
A good adhesi on between these el ectrodesgand the el ectrode activator was
‘noted: the electrode activator remains on the el ectrode surfaces when the
el ectrode ' agbh aiztive Fkahpia ped on the el ectrodes were peeled off by a

- kni f f I
and e sae’ ol pea uerar e SEAEE il COBRBRE iR o P ©
reveal ed t hta tmmturcsatmdlne maptifagture of bgth aroderand3mthode W&Iymee'@meemegd%eof a
val ue of 10L8iSERAR ? Al Exampl e 4 The procedure of

e

Ex | t t. f

e ¢ 4 w82 PEGGEE Lt A, S0 R oGRS A P
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ef fect ed. Repcles wasdbcAlafa vahse of H¥heyuglacity of discharge after 150 cycles

was 95 % of a value of 10th cycle. Conpar ati ve Exanple 1

The sanme procedure as Exanple 1 was repeated but PVDF Kynar 500 was

used. 30 When carbon pitch coke deposited on el ectrode was peel ed
off by a cutter- knife, substantially no electrode activator renains
on a surface of the copper el ectrode. A.cell was prepared by using the
resulting electrode in the sanme manner as Exanple 1 to find that the
capacity of discharge after 100 cycles was 50 % of a val ue of 10th
cycl e. WO 97/ 32347

PCT/ EP97/ 00998 8

Conparative Exanple 2



The sane procedure as Exanple 2 was repeated but no peroxi de was added
to the slurry for the manufacture of both anode and cathode with the sane

procedure as in Exanple 1. 5 When carbon pitch coke deposited
on the el ectrode was peeled off by a cutter-knife, it was recogni zed
that a subst anwioshsgsart of the el ectrode activator r emai FETHY? face

of copper electrode. A cell was prepared by using the resulting
el ectrode in the sane manner as Exanple 1.91ts capacity of discharge after

150 cycles was 55 % of a value of 10th cycle. WO 97/ 32347
PCT/ EP97/ 00998 CLAIMS 9
- CLAI VB 1. El ectrode for cell conprising a |layer of an

el ectrode-form ng substance risi.n n electr tivator
bi nder. coated or Honde ?‘8’°§°§HF ?@@é?’a'?"%\" a Ry @poq(ig&rco%%f'ggrﬁlbgis?gggnﬁe
t hat the bi ndeomprising ahelecimdesadtivatpr st binden coated @ donded to a suefage/pf a

pol ynmer capsi é&lfe%.r,”&ié?é?’teﬂéed"‘m{r@? e BindelTY'® Bbroplistic HRAfRE With Bt REsEdhe’ S
of acrylic aclid and/ or Jret hac d that the ontéaﬁl_t

| ¢.acid an of . sai
acryl pol yner3ylpolymer consisting %IBV Q,feq(i dgast gpe t"PPé‘-%ﬂfd‘"ﬂﬁ? ed from esters &
2. El ect r odacryliccacidiang/aramethacryli¢ acichamd:that $iz¢ dontant ¢ff said eptyh polymeris G110

PVDF resin. % bv weight of theSsgid BiR@efccording to claim 2, wherein
the-said PV orzeosfﬁnyivg &V Sﬂo 1 rod

ol yner. . . 4, Ele e
acoording Lo cl a2, RS AREATENA Ehah, 1 Woesein seich the, fuoropidsie’ 3°8
copol yner1®wf PVDF dedienef| uori de and at | east one nononer selected fromthe

group 15 conpri sifig %%aﬁgdé&gﬁﬁﬁﬁgl&a?m bewRérePthariaiPPVBFresin is a PVDF

trifluoroethylene "and orotri oroet hyl ene, the proportion of
vi nyl i denef | uBPMAROYMErhe copol ymer bei ng nore than 40 % by wei ght.
5. El ect rode acobr di rfEiedtrodsl adcording tohelaim 2, whengin wherein thersaisk PVEX resirsisa

m xture of a E@Eo P 108 ViryRleriitioAdé 8RA aY 18dist Bihe Hiohibiner SaKgEleddrdn ehergrbupt
| east 20 ?%ne naner S rom
e

tetrafl uo tﬁ?’l"@ﬁ%'f‘gr tetra @é@gﬂlx or J}t?g‘g%‘ffg‘r’g'g’gypﬁggf @g@ﬁf}&é%e%%d/a&rd_’“
ggl olr otrif Lgﬁ;ﬂiﬁtﬂ@giﬂ&@%&ﬁhﬁggrﬁmq of Vm“deneﬂwm?ﬂbm;fﬁ?ﬁzh being
pol ynmer r 9 ight. c .
according to any o . cl aélggtrii[ goc%’rdi\r/\)gei{:%‘a?mtfewhaecré%l s'a?d Eho'-é’éiﬁ 'PVDF resin is a
mixture of a PVDF homopolymer and a copolymer of vinylidenefluoride and at least
20 one monomer selected from the group comprising tetrafluoroethylene,
hexafluoropropylene, trifluoroethylene and/or chlorotrifluoroethylene, the proportion
of vinylidenefluoride in the copolymer being from 50 to 95 % by weight.
6. Electrode according to any of claims 1 to 5, wherein the acrylic polymer
comprises 0.5 to 20 % by weight of at least one monomer having carboxylic acid
25 and/or carboxylic anhydride group. '
7. Method for the production of an electrode as defined in any claims 1 to
6, wherein the binder is obtained by graft reaction of the acrylic polymer(s) and the
fluoroplastic in the presence of peroxide(s) then is kneaded with the electrode
activator in the presence of a solvent to prepare a slurry, the-said slurry is then
30 applied on the surface of a collector which is finally dried.
8. Method for the production of an electrode as defined in any claims 1 to
6, wherein a slurry is prepared from a solution of the fluorinated monomers, the
acrylic polymer(s) and the peroxide(s) in a solvent and the-said slurry is coated to a
collector after having been heated to a temperature suitable for the polymerization

35 and the graft reactions of the fluoroplastic.
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conprises 0.5 to 20 % by weight of at |east one nononer having carboxylic
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