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Conmpound, Binder Resin, |on-Conductive Polyner Electrolyte Conposition and
Secondary Cell 5 166166* TECHNI CAL FI ELD The present invention relates _to
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to including emmmmmmﬂm"mmm or various types of secondary cells and adhesive
bi nders for batter § ve materials. The invention relates al so to binder
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cell's. BACKGROUND mcﬁtmlybé ytanposttion apraosdaoydaell ceand ot her 20
electrgnlc and el ectrical devices have until now been substances that are

liquid at or abgmmwummMMMHMMerature such as water, propylene carbonate,

et hyl ene carbon hydrofuran. In lithiumion cells in particular,
use i s commonly nadeefes*or gani c &Eﬂﬁﬁ&&%&ﬁﬁ#ﬁﬁhytes which tend to 25
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i s necessary toThecprgsenthdmnsientiign melatgs tie polyerelransg using a neta
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Another ppobymmrhaidmﬁnmkytﬂundmpusitmuﬂsaéompnﬂme pnimﬁeiﬂyoofoibnef
battery agtli rial d 2002 By
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el ect ol yPESVIHLDY Ppoloymensemadeowi diugh mql,ryrmmrlereornmurpﬁenean@ to
evapor at i gecoauakyPeediiRy, el ectrol ytes include solid el ectrolytes conposed
of, for 5 exanple, polyethylene oxide and a Iithiumsalt. However, these
polyner el ectrol ytes have a Iom1conduct|vrty conpared with |iquid
electrolytes. Solid electrol ytes Ea seUNDf ARDI yet hyl ene oxi de havi ng

branched chalns l or de nce he conductivity,
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| arge interfacial inpedance, |leading to an 15 increase in polarization.
such as water, propylene carbonate, ethylene carbonate and

tetrahydrofuran. In lithium ion cells in particular, use is
commonly made of organic liquid electrolytes which tend to

25 evaporate, ignite, and burn rather easily. To ensure long-
term stability, 1t is necessary to increase the airtightness
of the container by using a metal can as the cell enclosure.
Failure to do so leaves open the possibility that the
electrolyte will evaporate and the vaporized electrolyte

30 will ignite and cause a fire.

Hence, there has been a considerable rise in the
weight of electrical and electronic devices which use
organic liquid electrolytes. Moreover, in the manufacture
of thin, large-area stacked cells, the process of injecting

35 electrolyte solution is quite difficult. Another problem
has been a shortened cycle life due to the drop off of
battery active material and dendrite deposition.



Mor eover, a mayor probl em encountered when polyner electrolytes are used to
manuf acture filmtype batteries concerns adhesi on between the positive and
negative el ectrodes and the polymer electrolyte. 20 Specifiq%ug¥ﬂzbé mtype
batteries which use solid polyner electrolytes generally have positive
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t hat have hithesulbt beera Iangepdntedfaciaheinpddamateur deadbngatkiang not only

in sufficientyiofdssd A WliaHib4eiByt al so in tacky and adhesive
properties. Hence, a need has been felt for further inprovenment. 15

DI SCLOSURE OF THE MQHASQFEEN *hBajPEsRERPISTl SNGoIRtREedcBReR | RRMST | i ght of
t hese circunms¢becaxlydes ayecasedf todheanuwfeerituren fildm-dype obatieeries

pol yur et hane GWE’ ddhedlicnh Stid iNgnd haLgesld pol e noment
has been introduce ontoethé)q‘pgl%ﬁggt hanéje oSirmwgcng a%ggv\%#%:h i nproves

the cl.oseness®Hpcinfest @nsetheeROLERCE| LG HRIY8Nd the el ectrol yte, thus
enabl i ng 200 obt ai n Spediftieallayi, aFilmpeyes datteniasahéchousdatoldfd an

el ectrolyte sgj '&n,el\/gygﬁlﬁggé EHEP&%{ mzag;gt(y ?,Ioggtt%ivg constant and the

ability to dissolve an igon ¢c Ive sa 0 a hi concentrat.ion.
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electrolyte and between the solid electrolyte and the
negative electrode, allowing the solid electrolyte to

30 separate readily from the positive electrode and the
negative electrode. Thus, the solid electrolyte disposed
between the positive electrode and the negative electrode,
in addition to 1ts role as an electrolyte, must also have
the ability to strongly bond the positive and negatlve

35 electrodes. That is, it must have tackilness and
adhesiveness.



Conducting extensive investigations in order to achieve these ains, the

i nventors have nmade the followi ng 35 discoveries. (1) An ion-conductive
solid polyner electrolyte has a considerably high concent ratl 6 brf
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conpound t hroug nkage, ve a hig ectric constant, the
ability to dif3ddheg LMBrPY¥AMeRhductive salt to a high concentration and
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and the ion-conductive polymer electrolyte composition.
Conducting extensive Ilnvestigations in order to
achieve these aims, the inventors have made the following
35 discoveries.
(1) An ion-conductive solid polymer electrolyte has a
conslderably high concentration of ion-conductive metal



(2) a binder resin conprising the above pol yurethane conmpound; (3) an
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Il'lustrative exanples of the polyol conmpound serving as conponent (B)

i ncl ude pol yneric polyols (e.g., polyethylene glycol, polypropylene glycol,
et hyl ene gl ycol - propyl ene gl ycol copol yner), ethylene gl ycol %

2- propyl ene glycol, 1, 3-propylene glycol, 1, 3-butanediol, l|6 bB'LROzQRedl ol ,
1, 5-pentanediol, 1, 25 6-hexanediol, 2, 2-di rret hyl -1, 3-pr opaned| ol ,
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met hyl di et hanol a zar P - . -1, 1dimethyl) -2, 4, 8, 10-
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15 effect of discouraging ion association, thereby inproving conductivity.
Moreover, the inventors' investigations have |led to the surprising
di scovery that, in the case of polyurethane conpounds, intro ﬂyé@ﬂ% 8%
substi t uent haV|ng a large dipole moment greatly inproves th 8 eness
and 20 tackiness of the polyurethane conpound. It is thus neaningful to
i ntroduce onto the pol yurethane a substituent having a | arge di pol e nonent.
To achieve this end, an al cohol conpound bearing at |east one hydroxyl
group and at |east opesyuhebE HERICAIRYYING SBTAHANIAENITIBN € nonent in a
nol ecul e shoul d be reacted Wth The 1socyanat e conpound. Exanples of the
al cohol noiety in the al cohol conpound bearing at |east one hydroxyl group
and at | east oneTf hﬁd’rﬁ@td Q&m RA%nér |f€1;%ld% pol e nonent include aliphatic
30 nonohydric alco ﬁhﬁ% 4 § careon nd preferably 1 to 5 carbons;
and aronatic al th@lhsghsm@lecal@r }\.WQN)IOF PElYMEyiE campened ofHe iBvention.is Bhe
subst it ugnt JREVidie bamBsutl pRk Ntedofing 4 8kAHRYor0BR fech the
val ue of gt hg group m)men? 1\1/@ E’ %réq")lre@su%st?q)uent <I?e§ b%n edlg&(g)yawggheny ,
met hyl or eChyIPogRbIIEVing altleasidwp isoeyanalgyeroups MtBrQaIQPBYOUC@“PQ}IFG Debye,
mor e pr ef ef 4y adohuk@ndnd cORBYEhd bhd edAk e nfarBRRIdReud BELY dRons 16
April 2002 OCHalpO?y P Bl e e % d

- COCH3, Nozomeunctheamg pﬂ@wd@wsgwaémsat lnasteaner ﬁulbsgtmgt h@%@na is

preferabl e ‘ié??é'alﬂd%‘hﬁn%h%élbét%@ Ftom Wgro@b' cBEéié’tl?'@) of' isoGpescal y, -
preferred. | lustrative exa such al coh ggounds serving as

conponen® (& {GHctFudeOPkdlsark ngb!@p aﬁéaPNnutrbfaneh oithe femeinigol |

propanol am fgcysidiengbasd il trﬁcsalfy/h:%mmowﬁbmaa%em npishbaRRANO!  the
i odo groupbearlng conmpounds 1 odoef hanol and | odophenol; the bronp io

group- bear i MgVibaRJBEREIPAIP BIPTENG isrrauple te ispabaistBan@nd br omophenol ; t he
chl oro group-bearing conpounds chl oroet hanol, chl orobutanol, chlorophenol
and chl orocresol; the fluoro group-bearing conpounds trifluoroethanol and
tetrafl uorophenol; the carboxyl group-bearing conpounds 15 salicylic acid
and hydroxybutyric acid; the acetyl groupbearing conpounds acetyl napht hol
and N-acetyl et hanol am ne; the nitro group-bearing conpounds nitroethanol,
ni t rophenol and net hyl nitrophenol; and the cyano group-bearing conpounds
et hyl ene cyanohydrin, hydroxyacetonitrile, cyanophenol and 20 cyanobenzyl
al cohol . Therefore, the al cohol conpound used as conponent (C) in the
invention is an al cohol on which sonme of the hydrogen atons have been
substituted with the above groups having a | arge di pol e nonent, such as
cyano. Preferred exanples 25 include substituted al cohols bearing a
cyanobenzyl group, a cyanobenzoyl group, or an al kyl group having a cyano
group bonded thereto. Anong ot hers, alcohols having a cyanoethyl group (
-CH2CH2CN) are nost preferred. In the present invention, special note
shoul d be taken 30 of the fact that the deliberate introduction of a
substituent having a | arge di pole nonent onto the pol yurethane conpound
results in a higher resin conductivity than if such a substituent is not

i ntroduced. Hence, the conductivity as well as the adhesiveness and

tacki ness of 35 the pol yurethane conpound are greatly enhanced. The

subst ance necessary for achieving this effect is component (C) an al cohol
conpound bearing at |east one hydroxyl group -9 16 April 2002
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and at | east one substituent having a | arge dipole nonment in a nol ecul e.
The anpunt of this al cohol conpound included is inportant. It is

advant ageous for this anmobunt to be such that, letting (A) be %2\% ’%ﬁ) yanat e
conpound, (B) the polyol 5 conmpound, and (C) the al cohol conﬁ 0 e4r | ng
at | east one hydroxyl group and at |east one substituent wth a | arge

di pol e nonent in a nolecule, the weight ratio (Q/((A + (B) + () isin a
range of preferably 0.0l to 0.4, nore preferably 0.02 to 0.2, and nost
preferably 0.02 to 0.1. io Increasing the anount of conponent (C) enhances
t he pol ari t yc@nPeuns thesioh a NHEOR linkage;r hhip Rplyeric igemperid istirenarsd bnd

| mproves 't herdggli [ anhsaR@hate Gdmpblind R&R] A0kA% twslisdchididy@iibs qpy When

t he isocyanage @ggsn%Agur?d (A Is rrggct%d vvilﬁ t he pol ;/sol pcorrpgung 883 and the
15 al cohol campptygheerirgundtand (6 @ncisahebeemieouns hearing ajiasst enedaydrexy! t he

i socyanate ¢ Redsf G s ANGie diBdle AN 4 Moledpie! t ant .
That iS’O—é (%mg %_aﬂ@ Nbr e %%gt(l:tih%?cra%lgw, tlﬁyg l\@Oel ndex, "def ione gas

[NCO /[OH, is prEfeisagiapate canepesnd Serviig as compenent (Anagy be ematicyclic 2. 3,
even nore pr teY ali Hgmé lsdd B otsiatd) | el h@Bile 04 tO
1.25. Too srr%??fag% N&'Ssu ryl ex %%&ya%r érsétl%{naﬁn a_deca\?ne ISr?\gap ys_ei cal strength
and a | onger has gt deash twe rigoaqyanate aravpsag liustrative exaraples)of the ispchanatqand, an
NCO i ndex WhigHipbind: Ofhdifed® mEMyIdrRihbn)in Bildd§snate OfMb,Scaslmakiécity,
giving a curgﬁh%roduct thaet i's hyard ?ndnié)ritltlle§ in ad{i' ) o PoYRRl

( - | X jition to_which the
renai ni ng i sBeivipnedirhea iseaypnateatpolymaris Mbi)s telylene diiseryangte (TPAusi ng

deteriorggi Og'si%ediisbéyﬁﬁate o ,tH}Gr&g@ﬁé‘t&értélg%né%@Wa@hexérﬁ&hﬂ@hé’ ol -
compound ao (B), and the _al cohol” conpound bearing at |east one hydroxyl

group and atdiseg¥anaiee (EDbst ixieant diisosyagate | KRR dhydreenatrentyiede a

nol ecul e (*‘Cﬂiis%?ar{a‘?é&ﬁa‘ﬁﬂwylé?ﬂécﬂiigé'éa&nét@qwmﬁ bipheHylBh& Andch aidié, g 4@t al yst,
def oaner and the |ike may "be added | f necessary. 35 ||lustrative,
non- | i ni t i nglriseRrpyiRbeny!” diirocyanate AT MiRRgRYapthe) sdilspeyanaiee ling

catal ysts sugitsoagarﬂatél(h‘r@@g,bigsmwr&{édi%o_a)la?@t@npo()P%B@Qicyctohégmhuﬂham ne and
-io 16 Apri| 2002 tetranet hé[ﬂ_but | am 'ne; and net al éf@%gbyzﬁs such as tin
d nds

cormpound?® ( edipocyanate otiMRBbat Etramathuiyiens | dispcypnaler | dad4
conpounds.  TiignddNitieWRiriethyleHE Qi 86tyahate N eTMADN 1,01 2cBodyanStofsRiRaned by

m xi ng and reacti ng above copponents (A to _(C) .in_the indicated anmounts

and i ncl udi n&hs'sd'!mt?qm%e@%%ﬁ“afﬁ h@gq})nﬁon%ﬂ"g&ﬁ?@)‘lanégm&gﬁ)‘t Ed

ur et hane- f or gioBglcoabEltlsd (BTDIR dhaf 2aDEU.- ahde2pa) wurigeirginexanspgene of the

serving as BBPETREENIRD, (THESRITH bhesHORFIE S BTRIRGERs g7 e above

conponengo ( Bmot®thleggam a pol yur et hane conpound and reacting the hydroxyl

groups on the al cghqgl .conpound servin above component (C) wi,th the

i socyanate gr oupsm\"gfﬁﬁ'l"ﬁiryr%@mfgsdﬁ t@%gglgglf%p%qqqgnseergg%ﬁafﬁ&p)oqﬁg (B)

Compound T hr ouan o NGO L plagts s The TSt Lo COMH Tl o b £ opr esent ed

u [ . ulti 7]

by he 1ol | o NG AP aromBnR-Gesl Kooty SMERTRRERS, CoEREBYRES e

pol yur et haneglyootpt,udrdropgiede Alyicsl, 23-butanedial ohot-butesediole 1 5gmntangdi!, 1,

cubet | Lusd BBk, 2 Lol kT PHEBbacefl RS qUiBE abAByBheon! 11
glycol, 1, 4-cyclohexanedimethanol, 1 4-bis(B-hydroxy) benzene, p-xylylenediol,
phenyldiethanolamine, methyldiethanolamine and 3, 9 - bis (2-hydroxy-1, 1-
dimethyl) -2, 4, 8, 10- tetraoxaspiro [5,5]undecane.



PU- N-C-OCH2CHZCN | Il H O Because the pol yneric conmpound of the invention
has a 25 substituent with a |arge dipole nonent, it possesses a high
dielectric constant, a high tack strength, and the ability [£1°) ?6%
I on-conductive salts to a high concentration, naking it highl SUI | e as

an electrolytefor afj ous tvnp of S8 ar r electrical
and el ectronic ot ﬁ%ei\prlf‘%ﬁ-}’g’éof%g\,?‘ggg %)5#15%)% eraeq%m é@% rgm ns
conposed of deannehioneirnﬂ%Un%ﬂ dncdmdeu bl fianet tonal |palveithykeness and
are thus endgdowi, t BriPgndPidddy ﬁ&y?%%ﬂy@@ﬂ@%%yé@i ! afph FRmictenaRt eri al s,

meki ng them sui't abl e as_ bi nders and r-t el ect rochem cal

material s. THEUHELGREr FLYCOMTRIARY GRS PANELLY oF JRACH RRUYNGT S0l yner) of
t he i nvensi odifascthenabi ﬂmlyleﬁrqldar&s @llyeol pnabfaet 1o 1s glolypropglbhgh

concentratio e n rqge nonent
has been 10 %lt’ﬂrgggugé ﬁﬁ? e rfag'l Z(Lé%ﬁ&igpge&ﬁ?sso{%o%jr}aegg gﬁ.&?,g%?
conduct i ve s&andem QOEPQEN%%mceHpﬂafpbﬂth@%%lrﬂﬁlﬂQ%ﬁjhﬁylggvé rise to ion
associ ati on, rapdt3enhietf 66 00 FeF mdgel 6ah081§0019é1d.i§‘éd vity. Accordl ngly,

t he ion- conductlve on el ectrol.yt t|on of the.i Lon is
conposed 15 pri marf j(::1""bebtl'jsf:r‘n?rolg' go gﬁ q% (3° pTRAnEAY 3)@ EiPQ'Ew di ng
pol yrer) 1and mrigh(bnacendmtmaﬂsecsallar wArighrtonMwbntlﬂcmm@mlw émpinoged in

ordinary el eqly Q@hﬁﬁbcathoij@\é;&fa%f@iyb%r%ﬁegow woeltomr tdrl @ t! i M tation.
Illustrative exanpl es’ inclu L|CIO,, ., 20 Li AsE L|PF6 Li SbF6,

Li CF3S03, Li ®FSESHaPIEFEY™ NHH tNGBR0 - KB’FzPC?lYR?ger(iccle? ZMaviRg ( BF4 )
pi ( 04HO ) t4nBEAatl(aGeébglteNRifhge MoléHALaroNel @it lidy (LoBESSEBe) 2 and

ELANPFE ( Et hy%?;mﬂl ?E%Fﬁréies TJPSc“r‘xfemilésﬁﬁt!ﬂﬁgon%‘iﬁﬂ?eﬂ{an%stc%ﬁﬁﬁpﬁgt,i ons

of two or ereo e anount he 1 on- ctive sal ed in
the 25 idA- c&’ﬁ&ﬁ@??v@ pelgheraearads sojesudsrpBeithbntidt thfe togy dATP8N
vari es accor &iing tae snmésfmmkenhhnﬂiﬂw@edﬁfﬁ&coitlonconductive salt used and

t he nol ecul ar wei ghf, ?ée fif t use yoq gggpgugg?té§$ gkﬁgetggggﬁ t he

anount of ion- conduct refera parts by
wei ght, nor e BIBLefEPALRLES orhih t‘t? 9(‘}0153??5 %?/ %l“@ﬂﬂtar'f MoERer
preferably fmpaetféably 180 peddts 308 W gldllaranslopesprefedayiablag fleast10 to

50 Parts Y Weis0Bl 6N ad 00k ) icdihgf ak ROl YRl Qlofe: pr ovi di ng

pol yner. I on- conductive salt eljon—c uct or
concentrat i 0F0%P¥hanﬁ9n3%“%&%eﬂquqt§‘é’gﬁlel Alyeel | ts aYddoreTi the on
t he ot her hamtiltihe ofcthsi hiveritiveo palgmerdn- conpomnd Viso aﬂlstsoaﬁrbemoﬁxceeds
-12 conductive salts.
In the practice of the invention, the above polyol
25 compounds may be used singly or as combinations of two or
more thereof. The use of a difunctional polyol in
comblnation with a trifunctional polyol 1s also possible.
The mixing ratio of the difunctional polyol to the
trifunctional polyol in this case is preferably 1:25 by
30 weight, although this depends also on the molecular weight
of the mixture.

If necessary, use can also be made of a monohydric
alcohol. Examples of suitable monohydric alcohols include
methanol, ethanol, butanol, ethylene glycol monoethyl ether

35 and diethylene glycol monoethyl ether. Additional exemplary
alcohols include polyethylene glycol monoethyl ether,

polypropylene glycol monoethyl ether and ethylene glycol-



16 April 2002 the ability of the polyner matrix to dissolve the
i onconductive salt, leading to salt deposition. In addition to the

pol yel ectrol yt e-provi di ng polynmer and the ion-conductive sali %Hqﬁg
i on-conductive polyner electrolyte 5 conposition of the inve ?ﬁb‘ % al so

have added thgrgp PJl.@ne'chl h easaﬁa epfm&h&é&iﬂ @thek}eo ’Eﬂiﬁé’&‘ t' ve sal t.

[llustrative exa such sol vents 1 ncludeé chain ethers

di butyl et her®e4hpl Qrathyly sphatdtuiion aloQneeEeRck Pt Haﬁﬁ?tmw d| gl yne,
methyl trigl ygkycowef fndlyprowtteasl yI¥cokidy letfipiene glligbldpobyyrendut vl

di gl ynre, and . , ethyl cellosolve, ethyl carbitol, butyl
cel | osol ve, bg%§ cafﬂnﬁgab heterocycllc et hers such as tetrahydrofuran

2- net hyl t €t r ahydr of .y emlditlsndtgx@b@‘r@ combonentsi (@) hghd1(B) diaxane;

bUter'aCtOneélééﬁﬁlfﬁ%ﬁﬁdﬁidetyrﬁﬁﬁfﬁéwﬁasdbéﬁﬂﬁ%%ﬁka@EQﬂea large
S-val erol acto 3oxazol i di n- 2- one

and
3-ethyl -1, 3- o&%&%]r‘? d‘?cﬁ'l%‘-toﬁé alfg E%‘T‘?/%Gfﬂ st FHanhitheuBedyrRetraRe r ocheni cal
devi ces, suchcampawndﬂqf alheoheoivesbloent s (e. g , et hanol, ethanol,

butanol , ethyl ene g} :us p& pxbﬁnﬁ&}d&ﬂve fl'alykfs&!;mg}y&ﬂlrcutl%lfyt%%

butanedlol and gl ycerol) yox ene po yol's
oxi de, pot%pr %@I%ﬁﬁPQ%6§$9n peRd g%¥e§ Eyﬂ@ﬁedﬁﬁ esfrie
Kfnbi Ealt :c ons @bns tantopoTFinert hla]!:em‘:)hax&mgiea &ﬂJg\neFLbsx cénddctive metal

met or ma t ceta
N- net hzl pyr ro g?noar}\‘le d"fg%ég}r‘bo%%%&{“% I%rgse rﬁ % gkdlnégﬁusgc‘élr%na%e
di met hyl carb@%a&%ﬁ Qﬁﬁﬂﬂiﬁéﬂﬁyl ciﬁQﬁﬂﬂﬂgéngpﬁoﬂybéhbt%ﬁntxhﬂﬁhﬁg @thylene
carbonate, styifge dliqj’dl@"lafoﬂi)entaﬁé em&i&z&lﬁrw mﬁrtws:ow@aﬁtf Ehasg the
1, 3-di net hyl eféectdar%fold di none%’ £se sol v nt g used, sin or as
m xtures of tWo or 155°PKE 21-58? ‘5‘ I/ § e5EPY pim %’é
sol vent s suchcerdugrtpiiitane Merdrien.c thie; dnvanéonahaqme@ﬁ&ignﬁinWt@aws
gggegl ally Erﬁé@rwctheTmr?m% tﬂﬁs Ly lﬁhaaen 3ARDYAL eas@r&f erabl y 1 |tf)

0 wei n 0 0 e overa
wor ot of Dheee BREERERE SombpiRghe, Rratdedi e suRRRitveln Bar iRt con
of too nuch sbizgmtdimeie s@mentsgreatly 20a2rovesopeoniibesivensshewide
propert Id e@t Oftéé]@.}rféﬂs&’@fe(ih%ob%ﬂtﬁﬂf%&lé‘gidi@oﬂﬂar th ;Dé@tﬁ?fé ng thg t
i on-conductive po ectro e _conposi.tion ention,, .a diluen
covom et e RAFTE, $o° ThE2hibee COE id F e BahP ot cRrTE Hui
conposi tion fhﬁvinﬂna|hﬂmgengiphéefmmmﬁnton of thin film The dil uent
sol vent ?sed herelgbnﬁghgﬁeeleﬁig éﬁatfgh|§?aah%na53m§gﬁﬁgug@%$] rgﬂ: thg ]
i socyanate c nd _an e e di sso erein, an e
el Ayl - e it R ot SR $2p S A A A st o ROPRES BT hay i
As | ong a& t heskangs)dipokenmomgnt heta rebeqids sbouddl benrem'yecbenijﬁed

Exenpl ary dlltﬁgnigaaygﬂafg @bﬁpggﬁaahydrofuran acetone met hyl et hyl
ket one, tol uene,

pol yur et hane conpo&ﬁ@? ??%ng ggﬁsg%P ne HEth¥°° t{K”°m§E%AQ1
pol yel ect r ol yeeankngy jati dgapmlynerhydzwaIGmmnnn@m@taWelpesynemeelectrolyte
STE ko o R e e ele e ghe PRI
0L My Ee g lenst ¢ VY and e Rieter et el {1
for adhesi vesS i caripns;dande anpnat it SAKESN g 8@h) as phenol, benzyl

alcohol and cresol.

The substituent having a large dipole moment is
preferably one for which the value of the group moment when
35 the substituent is bonded to a phenyl, methyl or ethyl group
1s at least 1.0 Debye, preferably 1.0 to 5.0 Debye, more
preferably 1.2 to 4.5 Debye. Illustrative examples include



In addition to a high bond strength, the ionconductive polyner electrolyte
conposition of the invention 25 also has a high ionic conductivity. For
exanpl e, an ion conductive polymer electrolyte conposition cﬂﬂAang&Q from
5to 1,000 parts by weight of ion-conductive salt per 100 parts by wei ght
of the pol yel ag¢g 0l ¥§§H8r0¥ﬁﬁﬁful,pQ@&qELc%ﬁS-ﬁ?SICGEﬁF’1tdﬁdﬁ39|eéﬁo§tee|

pl ate using a doctor knife 30 applicator. Two sheets fornmed in this way

ver e | anmi nat et agi V8= adhaiNeh Horfkresge SPERtMAPRRE Sias? M 4 ed by
bei ng hel d ats@ikt ftarent Rgupfefdidblontic awnidndc gubytotuéde, an@dCN

| am nate, as 1 ned ty vity nmeasurenent, was about

3x10- S/cm mﬁﬁ%ﬁkﬁ;q%uF?ée§?§¥#§éﬁfﬁégggéifhe i on-conductive pol yner

el ectrol ytS%e conposikililystapativie ¢xarmiasofi suchr adcohohecemprpnstef er abl y at

;00”1te”p?rgté§ﬁbid%f%%ogfmﬁgﬁeﬁﬁgﬁﬁjEﬁdd&dﬁ%d&ﬁengﬂhoféﬂou%Jﬁ%ﬁ%?ﬂd 2002
or a period of prefera 0 ours, a speci 0 ours.

Curing gives %ﬁPéﬁH¥9§oﬁH&§PF$éa%?&icPHﬂH%ﬂﬁ;amgPECt?g$§¥%iﬁﬂ&ﬂﬁn; resilience.

On account ofacétylwtglanodamdne omuld camiridohlardphieghl thekiodsgradp-s

i on-conducti vtfeéﬂ'ﬂgd o%ﬁbgﬁﬁﬁseié&%éﬁléﬂﬂ g Q.Bh.xpfléh{:il | 8nd fﬁanngi e of a

egati ve B cTRi 19ATdRSocePORRIE IR G B6rd DREMPRECRAEL Bt
negative ec 3 o] d r S

t oget her. Thessondpienoller ithei eRloEK egridugvt@alningucbmpbendor use as a 1o
solid electro [Nt | &S i o] r f .
secondary cel +ﬁs/£°§1rré i ”c&akxg pr r éﬁg?‘g%&%ﬁoﬁc’a?{h glr? \sé%i)#%ggll o%{l](g on dyuogﬁscvrceéss? ol'id
pol yner el ect¥hg yilaiogo greupnbearing sampymdsotrdflppareethaneh a1d m or

filmlike SO!i&lﬁiﬁQﬁﬁfx@b}ﬁainl@Yﬂﬁg Waﬁﬁﬂ#l?@ﬂoﬁ@-bﬁaﬁiﬂ@iclf:@ﬁ}_iﬂtiﬁlidlknesf _15h
usi ng any, sui thin fil mformng techni,que suc ing (wt
an appl i R oréara]gjﬁ l,icsg%gnaf:léa ﬁ\%& oc Ycﬁi%bﬁggg'cgagi %\%‘?éﬁnii&c&ti ng or
bar coating. beRring eeapeynds| acetyinaphthadn@ndnNeaapEy kethangminease

el ect roge, f a ?%&Iﬂﬁt@ Qtrﬁﬁbﬂﬁdgrixg@cbcﬁnﬁﬁﬂdli %Qtaellayﬂsﬁolﬁl aef txdpHendiayer
conpose 0 t he, I.hventl O] CO.UC'[V 0 ITEI‘EEC'E_ e Co 0S] tJ on

G hosed bet vt B et EroBlefPll ad, Khd Eralle’ oFelb: beadlfa (AitindeD
posi ti-ve el ect¥hlengs eyanehefinins hydfaxvasiatoalisipesi cxaperhienale afidect r ode

conpri si n® a gafidbvenydl atktbnde. 25 current collector coated with a positive
el ectrode dope conppsed_o ] e invgnti v& bi nder resi.n d a

S e§ L a g%XtL{éaﬁglt'1 n (] onent (.
positive el ectrode activefiat &Pt Tt SAPLE Hr EFEF aBT CTH W Kol
pol ymer el ect¥lthe inypaticonpssan akcatind iconybAghcspme 9Bl theerhxdragenol yt e
conposi tion aftdnite HaeBkbANsEOst Prdtdd hatte dhe! BBoTENPLSIHS NBBIHd
el ectrode and the %aél ve el egtrod(gbcorrposed ofPI| hi unafm | qr. _the
conposi te negatiVe CFEcEr BR®Bbt aF el B TG ng” 2onegatt vE&EPeESr ode
current &l | enahudg stbgtasytiedvaledhalts dpanioge acenepPhemgyl ECIUe® i ve
bi nder resin @pghcbdiR@li YeolhECoF 04le Ay 1Y yrdvup Bheihg! al Byathngddie. The

S v e oGy Akt PRIl e8!, R 180nETs WRIRYY ' et
group (—ChJHLCN) are most preferred.

In the present invention, special note should be taken

30 of the fact that the deliberate introduction of a
substituent having a large dipole moment onto the
polyurethane compound results in a higher resin conductivity
than if such a substituent is not introduced. Hence, the
conductivity as well as the adhesiveness and tackiness of

35 the polyurethane compound are greatly enhanced. The
substance necessary for achieving this effect 1s component
(C) an alcohol compound bearing at least one hydroxyl group



16 April 2002 battery and other considerations. For instance, exanples of
positive el ectrode active materials that are suitable for use as the
positive electrode in a lithium secondary cell include group1éA§rlxﬁt26b2
conpounds such as CuO Cu20, Ag20, CuS 5 and CuS02; group IV ne

{:/gglpgunsl/s suKIEngzair [ ﬁa(.)% %gaggggg@tuaﬁ@uﬁhﬂﬁgataalla&g@auﬁdiesmhe:aﬁ -.56285
(0)¢ Z [e40) oungs, S

Crz03, Mo03, RpBle 'angp‘%eﬁgou #o‘%{)ms F‘ io lgﬁ?l% sjdbql#'%se% and
Vhz04; group !/Inpdarhmfal dmrqbsumdhsammgacam FozO3hibe@nodnt Fa8ME NC203, Ni O

and Co02; and du [ 0 | r
o S BT g L S48 ot

conpounds %apSB'PEO‘é‘Fda(PéB} i dail@i”é%%l‘ﬁg“ﬂq"t @t%aiféﬁg aﬁdlﬁ%ﬂ;gd@)‘tﬁh

conpounds Conhﬁdﬂb:ﬂgl@iﬁdﬂw@nldoat !Lézgﬁnoﬂﬂ@ sil ﬁﬁﬂ:i&%eh:tewﬂﬁﬁléll/@r@é ectrode
active materi m,ion secondary gcel es aJ cqgen
conpounds capgﬁlr)%f%fm%%?snor 6'Inn8 Qﬂge?'é?%as "Tejtgﬁ%um | oﬁs?{:thﬁ%g {Ee@g),

Ti Sz, MbSz, V206C)) \BD1RN a aeagkho2 pr@beEdaJmpltb@loftOt Re4calhevgen conpounds

contai ning i bbeyé&wns g0 udde ol CogFa thé M Qre Arl¥B3Q. o.bbM0d, 1 Li V308,
Li Ni Oz, and L ~Ni 2(Wnere|n M st ands for, sel ect ed frOf;n%Co Vh, Ti,

a, v, A&, &Bre%#dlsz 1€ 38 UBt 0% GOmRPNSYHy (§)5 SBAnPes FROPAATEY t he
positive el ecbf otiee an&sme whtlehi ah tsruongubsssddtheniconhdactivhtyomidicti ve

solid polynergle6i&ol e a elglj_gge{)r@ggr@igé)nductl ve agent to forma

conposite positive electro he Ton-conductive solid polyner electrolyte
and binder resin uskY ‘H’@ré’irﬁcéilgep?%f%‘?%lb’r‘}]’ec%qnonwééﬁdﬁﬁ?| {zocAngis d
pol yner el ect eohpdendnd )biixdeeacestdnwbtht tiee pFedsill compenhdoNB) and the

respectively. o ]?H{)ﬁ@f)lﬁmﬁa)()f th8Cs £ .e\ﬁ%i%g?%ttibnggwgeﬁ c%’d]e”e

bl ack and natural grap nposite_positive electr

to athin filfRok %nirsqurr%n@mecrea%gubs} an KQHk a5 &be Fﬁi“PBPﬂ{lhg(%B and

t echni que suchcasis leipb"rm&tl ng (with an applicator roI I ) screen coati ng,
doctor bl ade coatin Spi n coati n% or _bar coating. - ril 2002 The

negative el ectrode Tt V& nmdNePlaF [[SHde| dIqnsy s&’f?"&ﬁﬁf’&ﬂawat ¢ HQ he
el ectrode applh€ékj ciefined aypeNad] ppotef yis'ir‘piréztetﬁnolqoasl deaat i DNSmoreDr

| nstance ,XapL e, o ykenl 3l 3ol bab ALGoSYdADLE AL ATG 255hNe pPCAlT Ve S

el ectrode™in ium RN Sec ary ce
i ncl ude al kal - 2%t aard “?ﬂﬁ&a@ifeipréyéy £x9moh %tt@r ilal2$ . afep tgRaldymn

materials rrenm:@nmh@bm@ lx%sh@ﬂaiﬂsat@eéi"ﬁxé)cﬁi tph\y%i%hQCbtﬁdﬁgﬁl@td}ﬂ@a .
material. 11 Ifgt ratl ve uﬂg{lgacljl 'c?ﬁl udﬁE (}hl | SOdI um
and pot assi um gFI I %’f aliie e °am
Li - A1, Li-My, h@ildAlaleNC%ddnd@Pﬂ WNéCFIgi%m'dONalaéme mexnFesylsf itlh@ l:@ﬁa)on
materl al écl 6ﬂevﬂé@dl-ﬂ.ds€bid1€t&b0§1{?lﬂ§ka S oDt €ARRONs BE&FDUNhA
fibers, and lg ﬂpierej;jn a%%ﬁf’ﬁ herg Thee Je aitl \rr%eg glsfgégrggg?actl ve

ou n

mat eri al & USed aroie as a 0Si ive
el ectr ode pr egﬁ@'elds wax H@mdwtbnmois‘émm 0141 cfdmj@é{r-v@aslélnﬁ pol yner

el ectrol yte, aebéﬂ_d@fatianpm&ctthmg,agent and the like is 20 generall y
Gsed herein are. pr LR ARESTRREE AT Sao ther pREvol) Sombe e and
bi nder re3t n OB)t ndrideemlcohedncoupoundshraning at. 18astabhe kxdrexwks of
the conducti vgrégsdnd ! UdRsACehy! 80651 Bkdn@Hh N2 atge J88PH1E €-
moment in a molecule (C) are reacted, ordinary amounts of
urethane-forming catalyst, defoamer and the like may be
added if necessary.
35 Illustrative, non-limiting examples of the urethane-
forming catalyst include amine catalysts such as 1,4-
diazabilcyclo[2.2.2]octane (DABCO), triethylamine and
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The conposite negative electrode may be forned to a thin filmof uniform
t hi ckness by any suitable filmformng technique such as roller coating
(with an applicator roll), screen coating, doctor blade coatfsn‘gpr"%gb?
coating or bar 30 coating. The use of the inventive binder resin as the

bi nder in thetpesihd 4y 19 RS EAYRe; t B8 NROEL1 \&t%ll%%ogachaagi the
i onconductive solid polyner electrol te | ayer i C ﬁ_ g aﬁ const t(f t he
secondary cel FOBPOY H‘?Vé?nt'l &imeRSh ’é%aif?lea'?%%é{ 52/ ?%aﬁ?u an
negative el ecleadiecanpidurdisnaterials to be firmy bound. I\/br eover, because
t he bi nd | ect.rol t Slﬁém

oo n anﬂl %%}ggl%kgnt géé{ﬁnf il AneHEAEn ant el ect rodes

conposi tion, al Tesistance between
and the sdli dpé‘ﬁé%]f?%lt&?t aixdpgpanfleHeretlnpaboviee sgMPoneREs e(Bhntpe(C)

obt ai ned fil msygee baidifEites amaﬁhtguéﬁdlmmm@awS@el s fi6cesaryjthium
secondary cel IE and lithiu ion econdar% \;So% 1of ou% %%n in

per f or mance WAFRFT fEMRARE T ShAGRD) BRi 2 & %@tﬁfﬁ PLR94CR PR ¥Rty

bet ween t he efiefeamdes and the solid el ectrolyte. The met hod of

manufacturing fil mmtnéo%oti%kerchsﬁe a&&%&ur{w d0 thid® 1RvERLNdn | M%&Péﬁkédﬁ
descri bed rmre fuII 10 bél ow. é ) T |soc%:tanate conpoun

conpound ¥%B),P oo 1ane 6566 ﬁdof)e‘é(li’?njgs yanate: <8 B°H9Gr%é’§/‘f chat
| east one subslbwvejemm;inwmtg(s\)l algk ﬂn@cpcelyuinmtnpbﬁ)ldaservriu@chsand _
thoroughly stigfed.q rrggcln%thgB\ﬁ\h't?h SHf 4 %&i‘.}?ﬁ:‘ért ahs dBABSARA diq T educi ng

the pressure, giVing m>per c oratels |sso ved to a
concent r at | onF@ACHING jthey P(}(GFBXYl IEOWPS PTh W‘hlﬂld’oppl coPRURG\RRFVIRKt ur e
of Li Co02 andaKedibere Bomplonenta (ogi ghth 2the alsaeyahate: gRoups ntewwati mirid

liquid I j Li 0 ng a
positive ie ec dl@op 1?& %&?’faﬁg Sb'fng %n& trlﬂ% Bﬁﬂgﬂtlﬁéné ﬁlaQ, r&n\g ositive
el ectrode do F%e CQBE‘QOJ@nF'@m&nﬁoBPBﬂ‘?‘/ewieﬂec‘t%dlé’lé@ifle&ﬁ?%o‘P‘P’&E‘?‘Eﬂ in 25
t he form of atmwgnnaf ®Hcoot herkhged athe3@Eshiotingheosolnd apiivard it to a
sem solid st Uy, £0k! S onded as the negative
el ectrode on?lc\)g%réﬁ érﬁdte}sﬂ) stee °l%§vrv£ﬁ§ E&%[“F"e%t form ng what is
referred to hereinafter as the negative el ectrode. 30 (6) Liquid TI is cast
with a doctor knife gppp\igahog onto the positive el ectrode side of the
conposite (positive elegtiode + positive electrode current collector)
obtained in step (4) abbv@. The negative electrode of lithiumfoil is then
pl aced over the side of the positive 35 electrode conposite on which the
liquid Il haSwa@ﬁlrQ@ﬂI sthh@sagsemehy ﬂ)él}hﬁl‘éi:ﬁ&?{éebohbeaﬁﬂteaﬁdlch ats 80C for
BnB o Pl AO0RIO WS aBL" BELELGG 4" i Pk ePHRGEHY & Bh¥GS @
dipole moment .

For example, when the alcohol in component (C) is
ethylene cyanohydrin, the formula becomes

PU-N-C-OCH,CH,CN
O

Because the polymeric compound of the invention has a
25 substituent with a large dipole moment, it possesses a high
dielectric constant, a high tack strength, and the ability
to dissolve ion-conductive salts to a high concentration,
making it highly suitable as an electrolyte for various
types of secondary cells and other electrical and electronic

-11-



The resulting filmtype battery has an alum numfoil/conposite positive

el ectrode/cured liquid Il/lithium5 foil/stainless steel current coI I ector
construction. It is rechargeable and clearly functions effec d &%
secondary battery. i ELE i o Exanpl es and conparative exanpl es are g| ven

bel ow to il ugd¥Edeés I NRorBYPEE | WhndaH x@%&nsnbsmgsgea Cof 'ﬁﬁé 1@ n%aQRe
thereof. In the Exanples, all _parts are tl%gﬁfinENPLE 15 Preparation
it

of Ion- Conduc??%“qibil%/ﬁ@f“pﬁf’@gt hayg e BPENADh T YT at e,
1. 37 part, wesndbw=blwiad itheaabilityliso dumndiposkiergt babyedryfawiaive f ol | owi ng

whi ch 6.56 f -t | 2
andom copol yibreiiata " nakt b EhLR/\Bh Ehile S el 0y’ BREPULELE Gl 20
wei ght (Mg =oBxstectnashendgdlopaBapimlcneni cal I ndustries, Ltd.), 0.27
part of 1,4-butanedinel p@& Bgielémumqlpdq@embuamﬁté &ﬂamltn f

et hyl ene cyan r e alco | a dj noment
vverg 2s adéedp‘g%ﬂ“%ﬁqsé%l N2 éHXﬁnE\#‘E ghr%% %Bgﬁ 8¢ afg ?11‘?&11
perchl orat e +combuaigivghtsadtst he @oﬂlysuierc;@mm@ltnonat Moxepvear, ielceust

l'i thi um perchj Osfn?és‘ﬂ:ltﬂé%tr ﬁﬁ%hkleg f&’ésg}’é | PIpOARS m%ﬁnleﬁtahaé eghiged pressure to
evaporate t he, tetra%/ﬁ(’g;o uran arts of meric MD (MR-200,

produced Yy °&(1}8eahef‘B‘P4-%%é]oe'b hg |dritslsr‘?&El N3t @ HRYassi ng,
t hen 0.02 par¢omudﬁ1ereca1aaltysb dChigh (q:mmhmmitliyonSdnkyon@t reéddidiyct s Co.

Lid.) and O Gpartidl b $8hORRELCLEOTC P PhoRoTh opd AN G il U )

wer e addedto gl ve a polyneric conpou | um perchl orate co as the
i on- conduct i VEPTBE® sindet 1wl EF e r o‘%%ﬁoé‘dé@ﬁﬂﬁy FFBniOWTFéOIPq‘HqtérV@d PRBFBESt i on
spect r um of témedmiﬂytum@oapapmﬁiémwf(ﬂmm:ﬂ»ehma fisusempesdm@ve ur et hane

bond -19 t 0 cm1 and
cyano group sorﬁ{ ggg"%t QZRE%%?NZ% d 80%n %ngc%ﬁ %?1[9 le - CHZCHZCN
groups are coRFAEing mdﬁmﬁﬁmﬁlﬁfkaﬂgQS'Q@Wiﬁﬁl ¢ai&t hane conpound
prepared fromthe palyyabnceshaudeive ault inp19geanat eraom@epnd. | n

o0 1190, | DAL S LaiOhe oUW il BEEBISAL 19 L

It was a t hr ee-di FBNSI onar cross nduc y and bond
strength of thn¥tesdion.ngl tbmplomtliven exarelradnrtddast Heyri b8  bel ow. In

addi ti on,2¢l0 LimsKONROBFL, eAsHES, helak,8b,,10ACH,c00 5 NuRICy, RaBF !, h&ascn,
KBF,, Mg(Cl0,),, Mg(BF,),, (CMH,),NBF,, (C,H;),NBF,, (CH,)NClO,,
LiN(CF,SO,), and Et,NPF, (Et: ethyl group). These may be used
alone or as combinations of two or more thereof.
The amount of the lon-conductilve salt included in the
25 lon-conductive polymer electrolyte composition of the
invention varies according to such factors as the type of ion-
conductive salt used and the molecular welght of the polymeric
compound. In general, however, the amount of ion-conductive
salt used is preferably from 5 to 1,000 parts by weight, more
30 preferably from 10 to 500 parts by weight, further preferably
from 10 to 100 parts by welght, and most preferably from 10 to
50 parts by weight per 100 parts by weight of the
polyelectrolyte-providing polymer. Too little ion-conductive
salt gives a dilute ion conductor concentration, which may
35 actually result in too low a conductivity. On the other hand,
the inclusion of too much ion-conductive salt often exceeds
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percent weight |oss by evaporation was neasured. The results are shown in
Tabl e 2. Conductivity: The cured conpl ex was sandw ched between two copper

i 5 sheets separated by a 200 um gap, and the conductivity L, ned by
AC i npedance neasurenent. Bond Strength: The bond strengt h%ﬂﬁﬁ%@% ned

baseg OP thﬁ ﬂ@@lamélggggfs%gngbbyﬁﬁ%tmﬁﬂeedw gigbamd@rﬂsefpdn.adﬂesi ves
set 20 forth | ecifically,, a T- test piece having a
t hi ckness of ?Pﬁgﬁé% Ve fiPdth i?aég ng e £ qﬁﬁas&eigﬂgth of 300 mm was
prepared from coppdm piddiisdosutd atiee rpatyad esitive lyiadpagetding tpod yadhe aadd.
Both ends of {{i¢ {floonlatet1Ve’ Eadt ! 30U dii douabkever SSEARA S ML Folyte

testi ng 25 machi ne, nmeasur enent was carri ed cross-h
noved at & ra‘f%!“Rﬁﬂ]Fd@PlG’fnﬁ?‘m tovertion H@Yb@rltSPoHaHP ?ﬁ@e‘i e%lieliﬁtéb@
remai ni ng bongslex,emrs o&lwuuelefrraisérdsmvm@sweermmt-cbﬁaubtﬁvwaewubJ ected to

best-fit straight | Ximatio and. the.p |n bo en was 30
determ ned fromthe're pée 28 9 *ASCordanc

fffaggggtgge %x?mQ es; o uch gg X gts {hFiﬁé? ng
E~, p_~E 2 A pothens.i @@n‘p@ud@butthmm dhl%ﬂémétboﬂwblxar(d!ontaa
conductive pod iyl tel ltlrilaﬁe onpeRyl i PIY1viRS ReeRgLetrhyl yiet hod

as in Exarrpl ce anmount of et hyl ene c in wa hanged
to 0.57 %%?ﬁ%o&ﬁgﬂzﬁ ymg g o dét?g%"“&f' BB¥¥ﬂe$¥ mﬁc 200,
from NPU) vvasglyrwig@cthtecn"sz (Blgpare‘shyh mmmekeephyuwrt@ﬂqlz butylhe
resul ting CO%@Eléédi%(C%ﬂ%ixé iéﬁft@lthlﬁ%x‘&%u%aétﬁéﬁ%ﬁ&k%

structure. The presence uret ane ano_groups was confirned

by analysis. & Wﬁftﬁ?@t"l’fﬁﬂt’y a’ﬂﬂtlb%%'ﬁe%‘fwmu&ant h&: %o ¢4ansh asus

obt ai ned ver es NPaBIRHYAY 1t BeaS8REN JEIHPEREr AR dtonERaBRER ds |-N addi tion,
the conposition was held at 100C for 5 hours, and the percent weight |oss

by evaporst i druwﬂsalhwtmsuwemléﬁcdammet,séavel@rwom i 3-Tabhgl2l, 3-
D 1 S Bl HIRI1C JCORROUAA S L LN POl GO 81 ROPDLEY; (ippconduct ] ve
pol ymer el ectrol yte conposition e samne od as in
Exanpl e 1, ex¥@bit ertb@atcoenﬂ'@n&wouﬁedo%n &W@%’W‘&ﬁ’éﬁyé??h"%s ﬂf&hg’eﬁj to
0. 29 part andvdter amldohodl spolrgnesi ce MY, (Mdthano),f sehaMpl) bwsamdlgnged to
(20<2)r5m F:&; Sv\gghiﬂ{ﬂﬁerné 91%%8R, [ NI S1vbor’N1beRh bhE I £PIPPSIL 12N
butanediol and glycerol), polyoxyalkylene polyols (e.g.,
polyethylene oxide, polypropylene oxide, polyoxyethylene-
oxypropylene glycol and combinations of two or more thereof),
amide solvents (e.g., N-methylfofmamide, N,N-dimethyl-
formamide, N-methylacetamide and N-methylpyrrolidinone),
25 carbonate solvents (e.g., diethyl carbonate, dimethyl
carbonate, ethylmethyl carbonate, propylene carbonate,
ethylene carbonate, styrene carbonate), and imidazolidlnone
solvents (e.g., 1,3-dimethyl-2-imidazolidinone). These
solvents may be used singly or as mixtures of two or more
30 thereof. Of these, the use of the carbonate solvents such as
propylene carbonate which are nonagqueous solvents is
especlally preferred.
The solvent i1s added in an amount of preferably 1 to
90% by weight, and especlally 25 to 75% by weight, based on
35 the overall weilight of the ion-conductive polymer electrolyte
composition. The addition of too much solvent may
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20 di nensional crosslinked structure. The presence of urethane bonds and
cyano groups was confirned by analysis. The conductivity and bond strength
of the conposition thus obtai ned were neasured by the same n$% OdF g% in
Exanple 1. In addition, the conposition was held at 100C 2s PE! 308%r s,
and the perceame@bﬂmelﬂﬁé W e@UFBOPRbHELLYES JEAHY %-1#@8&?6&'&%@- are
presented in Tab g i? ﬁ§$0| neri ¢ conpound-|ithium perchlorate conpl ex

(i on30 conducPFI¥igtRY Rt rol yt e conposition) was prepared by the sane
met hod as i n Exanpl Bn lpreparemig that 1én68opdudisived polgmephebettiabytsed

i nstead of et Eéhﬁ@%ﬁ%’#ﬁ%ﬂ{ﬂ&-1&%1:&83“'éi&ﬁfeq{?%ilveﬂ@eéﬁgmégég% 52

t hr eedi nensi o structure.” The presence of ur ne bonds
and cyano yrofips Ghe Rwrieseref Fedugingsthe wrcasditdueti ¥heycampogbhiton

strength of tRerceaporitdihd hhe 2BLALEESH WoF exBASUngd bynd heLsaR: met hods
as in -21 16 ri tion was

2002 Exanple 1 n addition, .the conposi el d
o 100C for soRbEPRt GeRf MRraln Rust be: REHE 0L GoRnshant e SomEetnd
nmeasur ed. Thepeesitttharisquesearteedonpoiad| en®.thie PYAVBLECEmpopod yherbe
conpound- | i t hpyELREL &R QAL rCOIRLe e h%ﬁg&@'ﬂféw’ GierQ‘bng&xiS' §6iv&hyte

0
conposition) was prepared by the sane nethod as 1'n Exanp except that
1. 13 part 80 of haviéhg oz deatidmd pedotus€dupnbe eb’D6f eAshylane asyahelspgdrin. 1o

The esul 1 n0rEQUPASKAL A A0 T hndBle8s LI SRAVERISHAGAbL 008, | NKE0
structure. The presence_ of urethane bonds and cyanoog(rg%ﬁps was confirmed by

anal ysi s. TheE¥emalary diluentd sedngnser anrgt beorahwie Bsi 8FPehoRRUS
obt ai ned wer emgeRgUr €thyly KdtonegMeolBehe(s1 ps-divxknebXanal etAyléme addi ti on,

t he conpositi for 5 hours, and the percent weight |oss
by evaporatioﬁﬂﬁasiﬁggéﬁﬁggi%gﬁgrfesults aredPresented in Table 2. EXAMPLE

6 20 A pol§ynmeric cofppirtdyunekhareperpPends  saaniiinex agi bhrdetueesins
Beanpl € L oxcopt L bat o b e e o1 ycol
Candom copol yBOETTR ISAES ST, Goflea pir ShE s e S RaEROE TR Y Y Rr
25 Corp.) wasPaBedstyeneidy off pagéerpblunetierdt &. 1By kdidm. gmorel - propyl ene
s et ee O e e o et hane.
was a thr siopal crosslin Stru .

bonds andg(gyaiﬁg‘;lgfo%%sm?/\%{ssur(?o%]n?)?r Eg‘a Bf/eg%%ﬁ’ scfns&.1 Sat%eflﬁgﬂcgﬁﬁgcti vity and

bond st rengt hpEpcefere grgpurlaridsn foifugdhestver d m@macordasgeedibl) IR sane
met hods as i nkE¥saP{eogdla) I n addition, the conposition was held at 100C for

ool S e h ek et 55K SRS SIS 0 The

conductive polymer electrolyte composltion of the invention

25 also has a high ionic conductivity. For example, an ion-
conductive polymer electrolyte composition containing from 5
to 1,000 parts by welght of ion-conductive salt per 100
parts by weight of the polyelectrolyte-providing polymer was
cast onto a stailnless steel plate using a doctor knife

30 applicator. Two sheets formed in this way were laminated to
give a sandwich construction which was then cured by being
held at 80°C for 4 hours. The lonic conductivity of the

cured laminate, as determined by complex conductivity
measurement, was about 3x10™* S/cm, which is quite high.

35 Next, the ion-conductive polymer electrolyte
composition of the invention is cured by heating preferably
at room temperature to 120°C, and especially 60 to 100°C,
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16 April 2002 EXAMPLE 7 A pol yneric conpound-Ilithium perchlorate conpl ex
(i onconductive polyner electrolyte conposition) was prepared by the sane
method as in Exanple 1, except that 1.2 parts of 5 ponethyLﬁﬂgrﬁ é 400
was used instead of the difunctional polyol 1,4-butanediol @ urting

conposi tion (fcgfﬁi ﬁ?&i%soéahgéfg Y Pl Hoass! ! QK&d dé%éc‘:ﬁiﬁ{;ﬁ 1 ?be

presence of ur bonds roups was confi Sl S.
The conduct i v tRounsd bﬁﬁﬁi%grgﬁﬁﬁﬁ1a9f PﬁecéEﬁE@§1Y¢cﬁP##ﬂxPQﬂMm&Fhed mere

measur ed by té@emyr&t Radsngsrésiterigd e 1. In addition, the conposition
hel d at 100C f h t t

vas held 2t 100C 1ty SeRRHER. o ErL IR TSR, nehglte LoBS, Dy £ YERRT ¢ On

Pol yur et hane tackpowess antiiPr dpar adnductofveNevddde padyBel vebhe Gorg lytte mpt

Pol ymer El eCtéxﬁ%tﬁu]@lrIR Sichb0Po18- 6 é)asf&ﬁéio EG@rBi%%“%%xgadlﬁébéde“e

gl ycol 20 pro e glycol random co aﬁ% O =78/2;, Mv =
3282; produce‘beW%hrWé’oéﬁéﬂrVEaﬁlﬁP%gﬁggq|5€!§1 aLP&Q?tiYiequfb%tFJEOQﬁ tthe

di quct | f)nalh d)llicyQJeriie%- kgt amgﬂlp:bomctrﬂe Qaropén_tecefocwyt@getlceiad aghydri?)n66
as the alco etelys havi ng. a_l ar qonenR [e Xt :
Darts 26 of EISTB RISt S0, R Al 3 By TRAG talE ce s e

fol | owed Iy sw-hrd rﬂj-moﬁaéguhndﬁghssﬁw bﬁté@riesozn@awrmuq hetheat al yst
gC];I M (prt(Jdu éyd o‘ia%@bgn&bfypééﬂ]:@télé:%thdﬁ te)ladBd Qplgi-icgéﬂj[fior(ﬁta :

ef oaner (produce a r e, adde oto
prepare a 30 polyuﬁg%hiﬁg 88“%%%ﬁﬂv q@hf@#ﬁgﬁ% %@ féi%ﬁ%tiﬁiﬁh

perchl orate dummomnmwnbacfonmeqboilymra dibdat £d1mt ercf)hb@slike)rﬁolxﬂaﬂs

prepared by EEKEdE%dI%t%GQHPEknﬂyp&ﬁﬂi&ﬁdﬂldHD%BOHnQniéoﬁﬁ PR{dendYs @
solution of 1 l'iter erchlorate in a naqueoys sol vent

propy! ené-Scarboif @090 stfLaPLfethin | Hlim-farniyg, ﬁﬁf’@?g‘a‘ﬁ% THpAent to the
nonaqueous satoklidr wasatdeg 4with lan -&PplidadodkpmolllQ08ciiéen resatinagg

conposi tion (&wﬂ%fe@lawascaawﬁsedéﬁﬁn%d%rangcroesalaknis@gtfﬁg ucture. The

presence of urethane bonds O%/anoébgfc ps was confirned anal ysis. The

conductivity and bd%§ §FF8H5‘?F\Y di?ﬁo%r“tvleaﬁigntﬂ?fgp ef rfed were
measur ed by tpmsisdive rBkekatedas a mégainptee electiredeesahfisaas@lipt esented in

Table 2. ;5 polymer electrolyte layer composed of the inventive ion

conductive polymer electrolyte composition disposed between
the positive electrode and the negative electrode.
The positive electrode used herein 1is preferably a
composite positive electrode comprising a positive electrode
25 current collector coated with a positive electrode dope
composed of a mixture of the inventive binder resin and a
positive electrode active material. It is also preferable
for a solid polymer electrolyte layer composed of the ion-
conductive polymer electrolyte composition of the invention
30 to lie between the composite positive electrode and the
negative electrode composed of lithium foll or the composite
negative electrode obtalned by coating a negative electrode
current collector with a negatlve electrode dope containing
the inventive binder resin and a negative electrode active
35 material in admixture.
The positive electrode active material 1s selected as
appropriate for the electrode application, the type of
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EXAMPLE 9 A pol yneric conmpound-Ilithium perchlorate conplex (ionZo

conductive polyner electrolyte conposition) was prepared by the sanme nethod
as in Exanple 8, except that the anobunt of the solution of 11é\MMJ tzla'gblm
perchl orate in nonaqueous sol vent propyl ene carbonate was changed 10 34. 47

parts, therehy,seidy Rgal B%héﬁt&&gidéﬂﬁi%rfé.haﬁércﬂwﬁé&ttﬁ@: 1ggnggueous

solvent at 1:3. The resulti ng conposition (caonplex) was a reedi mensi onal
crosslinked sRYSickiviee elerErpresantive mafiadtiddfe thahaarantutiale fBups was
confirnmed by wd@lassithe Pbeiletndueledtiodanch kond thiuangéBondaihacell
conposition talned e he _s od [

Beanpre 1. Tt SFoQplT plERE, Sttty dooh" e RHR B0 A0 dhs ¢ 4
pol yrer i ¢ SconpolifitS0, t hgxerper\e mededt eomprphés fuehzss TfduStoveapdl yner

el ect{olt Ktte CENPOYridu@V Wasall SR Schdy dltd s@8nw,aEt Rasl, asvd N Rsaml e 1,
excep a

5.61 parts_of the nongtunctional polyethyl ené glycol ponoal kyl
ether Uni ox Nt%8o E(eri%’ﬁ?l’a@é?&@evﬁd“‘é%ﬁf a?or(}éci‘ﬁﬁs (%\ﬁ?‘ 9545%,83 piGdbced by
NOF Corp.), WMo@h Magks We,samdtSdeqenprbayi VT and arlgecdpodngdsl suobnent , was
used i nstead e I cyg{q&% |1 r ' compsid iFo(c ex)
was a threedilﬁ{eorfs%g%a 2g)l"os | cevdh"s?{t F‘E@?&rgélﬂ%{éﬂ%esenc?% APt %gé\ié

bonds wastoorfe:PredNh(: adbidy snd. CrPRe: HH FORARCESvENBOBHRRFLE reRINGE t he
g()npolsi t ilonI SSudHhuss @bﬂ.&bEEﬂol\@[epdw _ ]QICheb,K plbgg(?aggggylézuzdp, ?Z la\g .
anpl e 1. ?]ggll, ) on was held a - ri
2002 for 5 hgtﬂr . éfrﬁlteﬁ% gggcgﬁ?éééélb%‘t | oss by evaporati on was neasur ed.
The results are pr&ES4FPEaN| aoMpENRAD capahlehiognpPEPERLRY AR (WelERSIMG ) was
di ssol ved i n poinseinhlopee aglly68lc2§d) dobdifhdzaicharatifilig Bi thidnllahsanmount
of tetranydr ofy a0 $9.85 L0 RLEPALE, A, HONL GO 1LR9 L FRLE Ly 4 i um
per chl orat'e per K19 o&r mof "t ot &Y V\};:‘I geht. i Wascadt 18 ng a ciloctor
kni fe appl i catiorhiamd lien| gegaadaryocebksi ed pressure in a 60C oven for 1
hour for evaporati Maﬂﬁﬁebhsftﬁﬁéa&yﬂiﬁéﬂ FdmpBu¥tBIcapasTélust i ve solid
For”conduct | VI43P=0dq 25t SRt pe L LT SR ARoTE8 8525 M Bapalit on
by the same n&PhodsOns ARAEMB@pl e 1. The results are shown in Table 2. -25
16 April 2002 Examples of the calcogen compounds containing lithium

lons include LiCoO,, LiMnO,, LiMn,0,, LiMo,0,, LiV,0,, LiNiO,,
and Li,NiM, O,(wherein M stands for selected from Co, Mn, Ti,

A

Cr, V, Al Sn, Pb, and %n, 0.05 = x = 1.10, and 0.5 = y
1.0.)

25 On use, the positive electrode active material is
compounded with an ion-conductive solid polymer electrolyte,
a binder and a conductive agent to form a composlte positive
electrode. The ilon-conductlve solid polymer electrolyte and
binder resin used hereln are preferably the ion-conductive

30 solid polymer electrolyte and binder resin of the present
invention, respectively. Sultable examples of the conductive
agent include acetylene black and natural graphite.

The composite positive electrode may be formed to a

thin £1lm of uniform thickness by any sultable film-forming

35 technique such as roller coating (with an applicator roll),
screen coating, doctor blade coating, spin coating or bar
coating.
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Conmponent ( A) Conponent ( B) Conponent
(O Al cohol Bl endi ngNCOTr i functi onal Di funeti onal Pol yfuncti onal conpound

Wt hrati ol ~i ndex"pol yol (g)polyol (g)isocyanate (g)large dip
(g) FA-1031 4- but anedi ol MR- 200et hyl eneEX 1(6, 56), %E&R%&

5(6.55) . (0, 27) (2. She.0agBhbTe SteaieD 7s e mitafeE! £6 MErddtE aseneEr
4- but anedi ol \PRORIlarec fOEXtRE ceEBytrode applicatlion, the type of

P 1hss Ao menanOhl0oRads: D6Ath déhatabne, Fot instence, examples of
- ,4-bu | - , . . ) )
5FA- 1031, 4- bd?%ﬁ?é%ﬁaiswﬁh%o?z%h?‘g%ae‘%lrﬁarf&r HG58gas 2R negaéfve

1. 09( 6, 56)5( 0. XB|(tF0EB8) Lh. 13} BTG Stdindayutcenddi ahWR1 2OBEtmyl@meEX 6(4, 94)

706.56) (1. 2) (B dnyan, - oeds Do g R r 0ot i e ST B et ny
eneEX materials, and the same materlals mentioned above 1n regards

?( 6, Eégs() (9(()62;5?0@%) p}%a@_%ydr échﬁQ%?de %Qg;ﬁy%o)ndﬁfﬁekggi. 4- but anedi ol MR- 200et hy
ene : : , anohydrin0. : . .

|FA 1031 4. but anedi SR SBEITAOTIIRE O A15a) foRobsTs thgludss fttntum,

2pol yet hyloenesqiypoland0potassi@h - - ExpmBleadpfigatkalb metad) AQdRys+ (B) +
(0) 2) NCO iferudn kNEBLAROH 1 6nfifn 1Q%:-alhe L MEUNEL L AVAk1 Stdbd8ie

gl ycol - propyl ene ggl %colpa\rﬂgndom copol ymer Sanni x FA-103 (EQ PO = 8/ 2;

wei ght aver agé‘avdl Pght (Mw) - 3282), produced by Sanyo Cheni cal
I ndustries, Ltd. 5@k@mP2els dfietled ydmhon glatechapr dpglede ghamidlte,andomi o

copol ymer Unié&%éﬁ%lgrcgzuc&ﬁg P&iés%l BartoindNea?bBhapendPs CRl@r wei ght
(Mv) - 2468), produced by NOF Cofp. functional polyol: 1,4-Butanediol
15 ° sintered compacts thereotf.

The negative electrode active material may be used
alone, although its use as a composite negative electrode
prepared by the addition of an ion-conductive solid polymer
electrolyte, a binder, a conductive agent and the like is

20 generally preferred. The lon-conductive sollid polymer
electrolyte and binder resin used herein are preferably the
ion-conductive solid polymer electrolyte and binder resin of
the present invention, respectively. Suiltable examples of
the conductlve agent include acetylene black and natural

25 graphite.

The composite negative electrode may be formed to a
thin film of uniform thickness by any sultable film-forming
technique such as roller coating (with an applicator roll),
screen coating, doctor blade coating, spin coating or bar

30 coatilng.

The use of the inventive binder resin as the binder in
the positive electrode, the negative electrode, and the ion-
conductive so0lld polymer electrolyte layer which together
constitute the secondary cell of the invention enables the

35 powdery positive and negative electrode active materials to
be firmly bound. Moreover, because the binder resin and the
solid polymer electrolyte have the same composition,

-17-



PEG 400: Pol yet hyl ene glycol 400 MR-200: Polyneric MDI (produced by NPU) 15
M 400: The nonofunctional polyethyl ene glycol nonoal kyl ether Uniox M 400
(wei ght - average nol ecul ar wei ght (Mv) - 400), produced by G&EW 00226

16 April 2002 Conductivity (S/crr) Bond strength (kN m Wi ght

Evaporation (¥htserad@all F<8dstencs. ﬁéﬁﬁeéﬁxﬂi@'eﬂ.e&rﬁﬁéioana ﬂ%%&ﬂ@@' e
32. 00x10' 2. 1080, 1 e 41 50x10" 1?363 . 1Exa Pyt .
51. 00x10' * 1. 6858° &8, Pgoreguced s fE%gEB k. there can be
72.70x10' * 2. 40kBaii@rilin-8Ype0katteti €2, Mearplanlas1¥0se0ohdant -@shimr at i ve
Exanpl e 14.00xd 04 0. ﬂ%@ﬁ%@%@%ﬁ&&k V@e%ﬁ@@lcﬁ 121%h%%ﬁ119o§59e Jﬁ%lz i'yrEXA'VP'—E

10 5 Preparatlon of Ton-Co ctlve Pol yner El ectrolyte

Battery: 6 56°Phttk Af vEstApddRgt POREPTRANGA C&I?@éFBFBp?IQ#&thyCOI
random copol yir@niicSacmndud-‘rAvma (aE@/ FEren @/ vhnditig- bd2&2enpthe uebsc tiyodeany o

Chem cal | ndu art of the difunctional polyol
%B& e s 1'%@(1) el%gt%b &8

1, 4- but anedi o art o ylene cyanohydrin as the al coho
conpound having a H@ng@mahpdlefnmﬁnmﬁaqﬁnn;nﬁ>ﬂiim Nepe, bateerirgt s of

pol yneric M a&é&@ﬁg; R 2heC e B¥n NPL veras: cifdad delkerebaat MoPs enal
polyurethane ﬂ&b , giving aliquid!l. i5 To the liquid I was ad ed 1.37

parts of erchl orate which is obtained by disolving lithium
perchl or at e [ (11 ¥} Ul'iea bl so cymmiartes compoend at?y)do rpeflyodn comphung (B) sednd he

wei ght of | it hBbRET ChbMGR beienyChicfht dife RAIILERILC afiaTREUND 2L 1

kg per nole of _Iithium perchlorate he resul ti sol ution w?s al | owed
to stand under 182FERRe SPhtddpent; Bagingor st &r 9t POPEREN (CYi ving a
liquid I'l. Nextrethixedsand whozloaghilgdetimsed abfoXlaivelchgowhiicbntthag a powder

m xture ofs Li Cuek+and £@tafaddledC byl BeBuctdg the pressure, giving a
liquid I.

(2) Lithium perchlorate is dissolved to a concentration of 1
M in 1liquid I, to give a liquid II.

(3) A powder mixture of LiCoO, and Ketjen Black in a weight

20 ratlo of 90:10 is mixed with liquid I in a weight ratio of
liquid I to the powder of 1:10, giving a positive electrode
dope.

(4) Using a doctor knife applicator, the positive electrode
dope 1is cast onto a positive electrode current collector in

25 the form of aluminum foil, then held at 80°C for 2 hours to
convert it to a semisolid state.

(5) Lithium folil 1s pressure bonded as the negative
electrode onto a stainless steel current collector, forming
what 1s referred to hereilnafter as the negative electrode.

30 (6) Liquid II is cast with a doctor knife applicator onto
the posltive electrode side of the composlte (positive
electrode + positive electrode current collector)
obtalned in step (4) above. The negative electrode of
lithium foll is then placed over the side of the positive

35 electrode composite on which the liquid II has been cast.
The assembly is held under pressure and at 80°C for 6

-18-



16 April 2002 weight ratio of 90:10 with the liquid | to powder weight
ratio of 1:10 so as to give a positive electrode dope. Using a doctor knife
applicator, the dope was cast onto a positive el ectrode curg%quﬁgﬁggctor
in the formof alumnumb5 foil, then held at 80C for 2 hourst rit

into a sem sol hgusd ,ate,eﬁfééﬁrrx%b)ﬁuﬂhﬁgf‘g Thi13N@ebebllife CHINES I d FIRGSEpYE
el ectrode. For the negative electrode, lithiumfoil was used. The [ithium

foil was pressg%%%ded onto a stainless steel io current collector. Next,
the liquid Il was [hacedsuhting! - tpeedatasryhRasuid aaclundinudmhe negati ve

el ectrode |ithi il e =i [ 0$} L1 was
st acked on t(ﬁy%ﬂzgéﬁﬂpS%Ethggfﬁ%yézéé?éﬁ%?&% Sgﬁﬁgef%é%%frg%gﬁé%gggg a gap
15 of 25 pm bkeido@talndesgr fteel oduryrnitc mpddecterpeenstyeciiaict r leiand t he

lithiumfoil SdudacRaPle! BRANBISLTME BIRALIREE 2Bt PYESP WL avas appl i ed.
The el ectrodes were he%’d in this state at about 80C for 6 hours to effect
curing. This SSRAARTHEALE§EYd 11 di sposed between the 20 sheet-|ike
conposite positive electrode and the lithiumfoil of the negative el ectrode
to thermally polynerize, resulting in mation of a solid pol yner

el ectrolyte | ayer and thus giving an ion-conductive solid polyner
el ectrol vi% fil mt e RieFef)d oompaRatiyve exoRgles| ate ypvemted oy A9d an
al um num f oi | { Xlorgtastiee thesilhvert bhrectvutdelotuiatehdgdi to | 1{niit ihem

foil/stainl t t ti bl e, d
Clear y 1 unoti S EPERE voly e BapBns BUF hifhe ' B DRLIRR Gt R

11 An ion-conductive solid polyner electrolyte filmtype battery was
fabricated byetavprgame nethod as in Exanple 10 except that the negative

el ectrode wa eﬁgr by cusing [ i h ] terial, mxing
t he quu?lc? IS%]%'[ arﬁ?‘l%(ra1 %6 \?moflhc%?%%ﬁ R% }P%lgﬁ‘ﬁkngéfgg{:%g%ﬁave mat eri al

wei ght ratio @mpesdtientorm a negative el ectrode dope, -28 16 April 2002
casting the negati vataheft pedeh IOREEHONTIN 37 PaFRL | ¥&s el Esds B Gwr went

collector in f.ar m_of pper.foil ns of r kni.f plicator,
and al | ow ng ¢¥}%§%1ia%§u§§ §?a% g%ﬁh q%bF%Z Sg%ggfégéplfﬁb%ﬁ%gheet-like
5 conposite rRaghd wf dhectrdfunchlenai -afdivilgnet glgcol-propylene glycol

20 random copolymer Sannix FA-103 (EO/PO = 8/2; welght-average
molecular weight (Mw) = 3282; produced by Sanyo Chemilcal
Industries, Ltd.), 0.27 part of 1,4-butanedlol as the
difunctional polyol, and 1.00 part of ethylene cyanohydrin
as the alcohol compound having a large dipole moment were

25 added and dissolved such as to set the weight of lithium
perchlorate + the weight of the polymeric compound at 1 kg
per mole of lithium perchlorate. The resulting solution was
held at reduced pressure to evaporate the tetrahydrofuran.
Next, 3.66 parts of polymeric MDI (MR-200, produced by NPU)

30 was added, followed by stirring and vacuum degassing, then
0.02 part of the catalyst NC-IM (produced by Sankyo Alx
Products Co., Ltd.) and 0.01 part of a defoamer (produced by
Bik Chemie Japan Co., Ltd.) were added to glve a polymeric
compound-lithium perchlorate complex as the ion-conductive

35 polymer electrolyte composition.

The infrared absorption spectrum of the resulting
composition (complex) was found to have urethane bond

-19-



The resulting filmtype battery had an al um numfoil/conposite positive

el ectrode/cured liquid Il/conposite negative el ectrode/ copper foil
construction, was rechargeable, and clearly functioned effecfﬁ' elé ﬁ% a 10
lithiumbattery. As is evident fromthe above results, the p %P P ne
conmpound havi g @ sl hBEBEpYASH &t | B P 1 R8Y6 BRERhA! HY&msUpRFhPNt O

t he pol yurethane nol.ecul e according to the invention c i nprove the

cl oseness of FTWHERHLBefhedA3Pnke 1213?39 &t r’o&'@é‘f&ﬁﬂif‘ﬁegg?'éc B&lyte and

achi eve an i nteH,CHEINgroupedaneecoapped afimugh NHEOOOLinkagéecto aihd e

sol ution, whi I g j i rd n n t iJdty to

di ssol ve the é@#@%ﬁ@%@% egmggﬁ{ad?%fﬁe&%é%ﬁcgh?rg??%%l. é?:ﬁ“e‘jaog‘{&dymeri C
conmpound pr ovafbsthe disegganptei aompewi cahn2addltign. Hded coprderydpdttery
active naterigs.qiM¥AKECEn tRE- SODFBINE | \RdALYFBE LR CERAP | M QeEOEPOSI ti Ons

whi ch are conprised mainly of an iop-conductive salt and a
pol yel ect rol %b‘:epﬁ' i Pﬁéxﬁﬁﬁyﬁ’é‘?sﬁfg’d@% St%lrrélci%ﬁ§8nti ve pol ymeric conpound
have a high ion cofMiectbuityt2sitndrel fogd sdmengtheoft the \Weaulithage
composi Li ons G JUIAORCHDE! HEEDu Ao \daterabBa! RSy ANdn? dBATRLYE

esu I 1's I gh

el ectrode, the ting secondary ce eature a i oni ¢ conducfivity
and the fi% mBhFFPosEEipBsrasvReLh R HIPX G E°F| achrebes a4 Hhehe sol i d
el ectrol yt e gpercaEnt Wedghsolbsghty swhipadatdohowassmeasufed m tripe batteri es
and ot her typfeﬁflt%e%%dgﬁ)éwﬁal%e'fé@fe 529 16 April 2002 CLAIMS 1. A

pol yur et hane ‘conpound prepared by reacting an excess of an isocyanate
conpound havifRpBICHiFd4y 1t wo i socyanate groups with a pol yol conmpound to
f?)r mhaI 5 pol yur et hane @ﬁﬂ‘aﬂuﬁdm%]ldx eas tdahdwi BRe iy Bé Drgédn Qv opipean

al cohol cqnpo ear n o and .at.le uent
havi ng a c%’ar g%pe |t%ol%§b%%ﬁgﬁ§ giléec%%% l'ﬁ?crarﬁqll%t'hgﬂglr %ﬂ% %%é\dsl?s |‘$\j‘g&f)yafs0043,
-SCH3, -1, - BiotemminedrbyCEOCHBPedamEHNeasyTRmgAd--CN with sone or all of
the remai ni nBdFD GtaRAGEHYr oups on the pol yuret hane conpound, wherein said

substituent havin | ar 10_di pol e no t . is.co-ple C i d .

pol yur et hane corrpgt}ﬁlg ?ﬁgguﬁgr%nﬁﬁtfﬁﬁ irgar?l%aeﬁglinﬁ.g B\g%ie%d‘ger} tr%gesipr?e%&ﬁﬁri si ng

t he pol yur et Rand @&dmsaghl test| preosadunes stanfigrds| fgsradkesived sgtai m 2

whi chdhasQoaf bEHEEJI rf(téiﬁugmsgxggsatéllmﬂ _s@e&ikN&ﬂlﬂ?, reazsltp'&;i :t@lger ghalgeto t he
rocedure o , n.ion-con Y r ectr e
(F:)orrposi tion p*%"‘.“’?é‘r% ?ay%ggﬁ%f’?%?n%fa@'? dhecéh t}?ﬁ]v %sggtggﬁdzt e e 4

pol yur et hane kehgiduied gPepamecrapypreranddFrom coppss pbates Huyfaseranat e

fCormound PaVitﬂ?aa’:lied edth bwgabagsyam:@egrﬂmﬁwgth Eoliﬂiﬂe)tﬁl's @gmnunfi tﬁ |
orm a pol yurethane conmpoun react r 0X [Oup O coho
corrpoung bgarifens%*éﬁs?u Sind ﬁeﬁ?gﬁ%l\l/?%gtoa étraé’gedlléﬁ %EM%%‘?}%n ’Pvﬁ t%e%srl&% or
all of ts r awaghiing @adcpapaurcenentipiascanrdedoytir etThihcresspbend,

wherein sai d wdibsidviedeatr Bayahbe of | ro@e dingimanmafenl the Csuiplish loF said
pol yur et hane S ouq:d_ %5 t6hr gugg f NHCOr%I i nkage, 5 Ige con;ol.%si tion of

clai m 4 whi ch1% S5t PAEG oy MELR 1A LR GL N A 809 hal € ®BipdtSd having at

| east two i sdesammemegitonpsuls) werggyhieadd@dpdenteahdf{€)stpaighiohol
conpound bearifig %Eiﬂr@;&&haemenhy&ﬁ@xwﬂe PR Ny Boall keAshgONEagibSti t uent

30 havinga | arac dipal ¢ meenl L0.@ FRlEGUS 1o0a% ROLUERtadh S Qoo the

JIS 78401.

EXAMPLE 2
A polymeric compound-lithium perchlorate complex (ion-
35 conductive polymer electrolyte composition) was prepared by
the same method as in Example 1, except that the amount of
ethylene cyanohydrin was changed to 0.57 part and the amount
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16 April 2002 6. The conposition of claim4 or 5 which has a bond strength
of at least 0.8 kNlrn as neasured according to the procedure of JI'S K6854
(1994). 5 7. A secondary cell conprising a positive el ect rojg, a E@%ti ve
el ectrode and a solid polyner electrolyte |ayer, characteri d"‘H”h t the
sol i d pol yeroeldqbhfles! YT (ihe. ARTIP 236 RPUYNfiab OB &RREHICL] v 680! Y TET

el ectrol yte corrpos tion of claim4, '5 or 6 and Iies between the positive
el ectrode angaddtes negerder 'ed>eoeterp)c[$lCOJ]0[®H]T& 1secondary cell of claim?7

wherein the positi *6 el ect{ g’bge ﬁ‘t% OSI te tl ve el ectrode
conprising a positriyg EPELtY ccomplog 88‘? ToAE NitH T posi ti ve
el ectrode dogdmensposed of0$$1leixﬁterm@rtmestuneof Teaeipnetepce3ofndrabhane | ve

positive gl eq;é;nggeaﬂgt EVhRb éfbl%nv?&tsu%%nfagﬂe? %sﬂéﬁﬂg ymer electrolyte

| ayer conpose I'on-conducti ve polynmer e Q,%te conposi tion of
claim4, 5 or 6 15TPPe§°%‘EW@éﬁLﬁYh@“@0FPﬁB§| FETPRITR | U W% QMBRE1IAAATt he
negative el eqﬂm@debcam@daﬁbﬁé nddstire® bei kher same ongisdodse axedalt i ve

el ect rode obiegfdeby Coft | 0euRRR0BH XCCBhESI LS, G ShacRL] £BbOE W Lh

negative el ecC 0 oecon arnin " TEsin armZ or 3 and a

negative el e(ﬁotroéehaél-‘ﬁvealh@it'é”ﬁ aqen%né;drfﬁighitelosmby evaporation was

. A3Y. AU, AY. ArdaSuf8h. - AR .rdsuAts. Ardl phedbn¥ed Aln AbtAeA2l.. A . AUY. AA Al . A A

Y. ACAY. Al AU A% As9' ) *wxWK- ' . <l wr mheMW

U] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cMa]ca]ca]ca

] craU] ca] ca] EXpMPEE] 8a] cal] c<a

Lﬁil}illi#lﬁ& (H)Qh]igi é%ﬂc)édﬁﬁgﬂﬁﬁ'ﬁifﬂf@§| ﬂ@ﬁf&%]te complex (foni |
cajca]calcalca cajcalca calc al ca cal]calcalc aJ ca] ca

] ca] ca] ca] cal< @g’ﬁ’l&]tg g%“&o%@ ] FPJ“B?RL&%@ §§ gﬁkf a\ Wn

hc”Y] ca] a4] cet]hnea}saa]acmizthc}@aés:ai]ma&]mlpda] d¢a] eatent ctiy ¢ afjlea doandabfca) cal

gglziﬁﬂcfﬂ C’E%IJ’I:{@1 h’%’ﬁ’g]’\g ANN &P:llﬁ?f%vas Changede%:oggu%lg ?/rstnhandce{:]hg am(ozg]ngaU] ca
Ul ca] caU] ca] &4 @8]133135%@] MRt % c?:ﬂ atﬁ]ré’ 5[5]) c¥ ﬁag VYR %g]U] ca] ca] ca

] ca] ca] ca] caladts0qd BPaE] w;ﬂé@ Sindody/Romn Meuazp{ {{| ~>Bl Q_
| wmhc”YmhU] ca] ca] ca] ca] ‘éijca ca] cal] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]jca]calc
a] ca] ca] ca] cal] ca] €8%] Eafehtins|ccngesdftdan (complex) ‘was a ‘thre

pt BJX?s4Gsgr */da@wxeﬁ&{.t@rdsmm&ﬂd:a;lﬂ}ma:]tuabca]mﬁe] rsence of urethane

Ul c”al] ca] calgalga 8 ﬁi ‘o;]w °d an n3lysis.

U c*al ca] ca] ca] ca ca calca]ca cajc z

MOYEM e' yr | ga\ Vi d éf'; Eﬁ’é@f a‘} e gogppeitdan

U] c*a] ca] c’\a]tmax]scabcalﬁedlc\aéﬁa]mmt&]dcay] thicablie apeejodd)lacajimal ks) / bh19Qd
w nhe XihU] E Lealsrlgpieabsel eal cabhsal cobhe Aantlsal seUisal ¢al cal ca

] ca] ca] ca] ca] caJ ca cajc” cal ca

j spUBT! WSy ~ E0F~yt BPETE vndsl | g d%ﬁr@&j“&a}”@é]?l?&] LaFE RY cajarpration was

U] c”a] ca] ca] m]aea}:ea]. c dlen esaakc apeapth séad edm U ajatald) @a] cal] ca] cal] ca] ca
. 5v$2v%y~: n] ~ytoj e [ VmhU] ] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca

U c”a] ca] ca] ca]caljca] cal cal]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca Qb
@i 3Y( 10%6&'@%—5@4( 1094 1#{
A polymeric compound-lithium perchlorate complex (ion-

30 conductive polymer electrolyte composition) was prepared by
the same method as in Example 1, except that 1.69 parts of
cyanophenol was used instead of ethylene cyanohydrin.

The resulting composition (complex) was a three-
dimensional crosslinked structure. The presence of urethane

35 bonds and cyano groups was confirmed by analysis.

The conductivity and bond strength of the composition
thus obtained were measured by the same methods as 1n
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10 e re ulting composltion (complex) was a three-
dimensional crosslinked structure. The presence of urethane
bonds and cyano groups was conflrmed by analysis.
The conductivity and bond strength of the composition
thus obtained were measured by the same methods as in
15 Example 1. In addition, the composition was held at 100°C
for 5 hours, and the percent weight loss by evaporation was
measured. The results are presented in Table 2.

EXAMPLE 6

20 A polymeric compound-lithium perchlorate complex (lon-
conductive polymer electrolyte composition) was prepared by
the same method as 1n Example 1, except that 4.94 parts of
the ethylene glycol-propylene glycol random copolymer
Unilube 50TG-32U (EO/PO = 5/5; Mw = 2468; produced by NOF

25 Corp.) was used instead of the trifunctional ethylene
glycol-propylene glycol random copolymer Sannix FA-103.

The resulting composition (complex) was a three-
dimensional crosslinked structure. The presence of urethane
bonds and cyano groups was confirmed by analysis.

30 The conductivity and bond strength of the composition
thus obtalned were measured by the same methods as in
Example 1. In additlion, the composition was held at 100°C
for 5 hours, and the percent weight loss by evaporation was
measured. The results are presented in Table 2.
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Example 1. In addition, the composition was held at 100°C

for 5 hours, and the percent weight loss by evaporation was

measured. The results are presented in Table 2.

15
EXAMPLE 8
Polyurethane compound and Preparation of Nonagqueous Solvent-
Containing Polymer Electrolyte Composition:

6.56 parts of the trifunctional ethylene glycol-

20 propylene glycol random copolymer Sannix FA-103 (EO/PO =
8/2; Mw = 3282; produced by Sanyo Chemical Industries, Ltd.),
0.27 part of the difunctional polyol 1,4-butanediol, and
1.00 part of ethylene cyanochydrin as the alcohol compound
having a large dipole moment were mixed. Next, 3.66 parts

25 of polymeric MDI (MR-200, produced by NPU) was added thereto,
followed by stirring and vacuum degassing. Then, 0.02 part
of the catalyst NC-IM (produced by Sankyo Air Products Co.,
Ltd.) and 0.01 part of a defoamer (produced by Bik Chemie
Japan Co., Ltd.) were added thereto to prepare a

30 polyurethane comound.

A polyurethane compound-lithium perchlorate
complex(ion-conductive polymer electrolyte composition) was
prepared by adding to resulting polymeric compound 11.49
parts of a solution of 1 mol/liter lithium perchlorate 1in a

35 nonaqueous solvent propylene carbonate so that the ratio of
the polyurethane component to the nonaqueous solvent was set
at 1:1.

-23-



10@° @ 10%@&: ()-!1" @10% ()-! G @ 10% ()-! N@ 10%& () - y#10%& ()- 10@
10@OO%PRQRI SSWUBB;

10@ 1Y 109 ()- !y’ Y" L0%@@& ()-!1 Y 10% ()- 1D Y"109%& ()- Ly 1096 (- ! a
@ 10%' () - SSSSSTTTqU-\: 0@ 1 ! X3° S" 10%e& ()-! " S" 10% f

& ()-'\S"lO%&' () -

10@10% () - gUVWIND ii%?xéas('%lt @%R@’ TR0 P R (- T L0 () -
£100G& () -, 11 dimenskenal ony #&d(ftwmzzzmh/e%@mcqu grpthane
10TO109&’ () - bondd 186 derlo ‘GUATHES (Bok Ll w5 ohp 9533,

*10900& () - SZ$ZZ+ 10°1 S 109%& S 100 -
10%gg8&! (§) | 3! 10%;[;:,&& }‘#"f%%@%’)“?#i‘ﬁ JoR° %’%e]“]g% £ %A&%‘@#ﬁ%lom
()-1 $#10%r gt&us)ebwmqmmr(e) m@exared 10%’6& (9an@ SeThods’ 43 - a0

1098 () aNDERSHIBLOEbblCORL L, PN Oeor a0 YR En 10 19 103
10g° 910%g&' ()- 1S  S#100& ()- 11 $#10%& () - b| c] dNeef gwli3

@#10%& () - ! | 6@#10%& ()-I | @#10%: ()-! D SMB10%PP&! ()--I | SIV$10% 1& ()--1"
MB1O% T&' () - - BREMBLE | 9 Cj dj €] WXI\/B?O@ 10T 10T
10Ts910% & ()-! @ T&

@ni0ve ()1 @ o ioot iente oeREpGAL L feum, percnionate sompleR fian _og
Fy"109& (}Q! Fgendugdhige: I(glwrﬁry'eie%tr&lﬁe m@@t(i))%mqsrepw%@m
1(())@%%?4% ) - tHB 184S (netidd 'ak0dmVv&xamp ¥ @, 1disket) tiat" tAL@ROdnt WD " 109&
() -%r r

LS Tove: ( ARy reiVIon of 1 i L1ERID. eTllQRALS, 4R PORRTISEYR . ()-

solvent propylene carbonate was changed to 34.47 parts,
thereby setting the ratio of polyurethane component to
15 nonagueous solvent at 1:3.

The resulting composition (complex) was a three-
dimensional crosslinked structure. The presence of urethane
bonds and c¢yano groups was confirmed by analysis.

The conductivity and bond strength of the composition

20 thus obtalned were measured by the same methods as 1n
Example 1. The results are presented in Table 2.

COMPARATIVE EXAMPLE 1
A polymeric compound-lithium perchlorate complex (ion-
25 conductive polymer electrolyte composition) was prepared by
the same method as in Example 1, except that 5.61 parts of
the monofunctional polyethylene glycol monoalkyl ether Uniox
M-400 (weight-average molecular welght (Mw) = 400; produced
by NOF Corp.), which lacks a substituent having a large
30 dipole moment, was used instead of ethylene cyanohydrin.

The resulting composition (complex) was a three-
dimensilonal crosslinked structure. The presence of urethane
bonds was confirmed by analysis.

The conductivity and bond strength of the composition

35 thus obtalned were measured by the same methods as in
Example 1. In addition, the composition was held at 100°C
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"10%, & ()-11+ "10%,& ()-!D "10%& (J-IN " 100& ()-

"10?6r'52 ()-S - : X (&) . COmgpnent (B) | Component (C)
10T 9109%&' ()-! TOY& ()~ 09 ()T @ TO7RX UOntdior 10 {%é&{l NCO
@ 10%&' () - KLN[ egp€i£udddiona D;E'uxidl%&xa() raly BB @or{ppurgil! Mty " %)i‘nSex”
Dy" 1098 () - S#loom'kzm&)‘g’ 1DTERP {97 (teccyanste o ()] 1axge dipole
momen
10T! 6" #109&' () ++1U"/0| &)= #10%& ()= othylene
#1099 () - 10‘J@' 1 10%?‘7 fEpeddols [ PES ! cyanohydrin | 0.087 | 1.04
TG L0RORITY [ PESER | oy
thylene
FA-103 1,4-butanediol MR-200 e
EX 2 ! cyanohydrin 0.056 1.04
(6.56) (0.27) (2.81) (0.57)
thylene
FA-103 1,4-butanediol MR-200 e
EX 3 ’ cyanohydrin 0,031 1.04
(6.56) (0.27) (2.25) (0.29)
FA-103 1,4-butanediol MR~200 cyanophenol
EX 4 (6.56) (0.27) (3.66) (1.69) 0.14 1.04
FA-103 1,4-butanediol MR~-200 2-chloroethanol
EX 5 (6.56) (0.27) (3.66) (1.13) 0.098 | 1.04
thylene
50TG-32U (1, 4-butanediol MR-200 e
EX 6 ’ cyanohydrin 0.101 1.04
(4.94) (0.27) (3.66) (1,00)
FA-103 PEG 400 MR-200 ethylene
EX 7 cyanohydrin 0.081 1.04
(6.56) (1.2) (3.66) (1.00)
ethylene
FA-103 1,4-butanediol MR-200
EX 8 ‘ cyanohydrin 0.087 1.04
(6.56) (0.27) (3.66) (1.00)
thylene
FA-103 1,4-butanediol MR-200 e
EX 9 ‘ cyanohydrin 0.087 1.04
(6.56) (0.27) (3.66) (1.00)
FA-103 1, 4-butanediol MR-200 M-400
CE 1 (6.56) (0.27) (3.66) (5.61) 0.028 | 1.04
CE 2 polyethylene glycol 2000 (10.0) - -

1) Blending ratio = (C)/((A) + (B) + (C))
2) NCO index = [NCO]/[OH]

5 FA-103: The trifunctlonal ethylene glycol-propylene glycol
random copolymer Sannix FA-103 (EO/PO = 8/2; weight-
average molecular weight (Mw) = 3282), produced by Sanyo
Chemical Industries, Ltd.

50TG-32U: The ethylene glycol-propylene glycol random

10 copolymer Unilube 50TG-32U (EO/PO = 5/5; welght-average

molecular weight (Mw) = 2468), produced by NOF Corp.
Difunctional polyol: 1,4-Butanediol
PEG 400: Polyethylene glycol 400
MR-200: Polymeric MDI (produced by NPU)

15 M-400: The monofunctional polyethylene glycol monoalkyl
ether Uniox M-400 (welight-average molecular weight (Mw)
= 400), produced by NOF Corp.
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EXAMPLE 10
Preparation of Ion-Conductive Solid Polymer Electrolyte
Fllm-Type Battery:

6.56 Parts of the trifunctional ethylene glycol-
propylene glycol random copolymer Sannix FA-103 (EO/PO
8/2; Mw 3282, produced by Sanyo Chemical Industries, Ltd.),
0.27 part of the difunctional polyol 1,4-butanediol, and
1.00 part of ethylene cyanohydrin as the alcohol compound
having a large dipole moment were mixed. Next, 3.66 parts
of polymeric MDI (MR-200, produced by NPU) was added thereto
to prepare a polyurethane compound, giving a liquid I.

To the ligquid I was added 1.37 parts of lithium
perchlorate which 1s obtained by disolving lithium
perchlorate in suitable amounts of tetrahydorofuran such as
to set the weight of lithium perchlorate + the weight of the
polymeric compound at 1 kg per mole of lithium perchlorate.

The resulting solution was allowed to stand under a
reduced pressure to evaporate tetrahydorofuran, giving a
liquid II.

Next, the positive electrode was fabrilcated by
blending a powder mixture of LiCoO, and Ketjen Black in a
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curing. This caused the liquid II disposed between the

20 sheet-like composite positive electrode and the lithium foil
of the negative electrode to thermally polymerize, resulting
in the formation of a solid polymer electrolyte layer and
thus giving an ion-conductive so0lid polymer electrolyte
film-type battery.

25 The resulting film-type battery had an aluminum
foll/composite positive electrode/cured liquid II/lithium
foll/stainless steel current collector construction, was
rechargeable, and clearly functioned effectively as a
lithium secondary battery.

30
EXAMPLE 11

An lon-conductive solid polymer electrolyte film-type
battery was fabricated by the same method as in Example 10
except that the negative electrode was prepared by using

35 graphite as the active material, mixing the liquid I of
Example 10 with graphlite in a binder to active material
welght ratlo of 1:9 to form a negative electrode dope,
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invention can improve the closeness of contact between the
15 electrodes and the electrolyte and achieve an interfacial
impedance comparable to that of an electrolyte solution,
while retaining a high dielectric constant and the ability
to dissolve the ion-conductive salt to a high concentration.
The polymeric compound provides a binder resin which can
20 firmly bond powdery battery active materials.

Moreover, lon-conductive polymer electrolyte
compositions which are comprised mainly of an ion-conductive
salt and a polyelectrolyte-providing polymer made of the
inventive polymeric compound have a high ion conductilvity

25 and a high bond strength. When these compositions are
disposed between a positive electrode and a negative
electrode, the resulting secondary cells feature a high
lonic conductivity and the firm bond of the positive and
negative electrodes with the solid electrolyte and are thus

30 highly suitable for use as film-type batteries and other
type of secondary batteries.
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moment selected from the group consisting of -OCHj,, -SCHs, -l, -Br, -Cl, -F, -
COOCH;, -COCHj3, -NO;, and -CN with some or all of the remaining isocyanate
groups on the polyurethane compound, wherein said substituent having a large
10 dipoie moment is coupled tc said polyurethane compound through a NHCOO

linkage.
2, A binder resin comprising the polyurethane compound of claim 1.
16 3. The binder resin of claim 2 which has a bond strength of at least 0.8 kN/m as

measured according to the procedure of JIS K6854 (1994).

4. An ion-conductive polymer electrolyte composition primarily comprising an

ion-conductive salt and the polyurethane compound prepared by reacting an excess
20 of an isocyanate compound having at least two isocyanate groups with a polyol

compound to form a polyurethane compound and reacting the hydroxyl group of an

alcohol compound bearing a substituent having a large dipole moment with some or

all of the remaining isocyanate groups on the polyurethane compound, wherein said

substituent having a large dipole moment is coupled to said polyurethane compound
25 through a NHCOO linkage.

5. The composition of claim 4 which is obtained by reacting (A) an isocyanate
compound having at least two isocyanate groups, (B) a polyol compound and (C) an
alcohol compound bearing at least one hydroxyl group and at least one substituent

30 having a large dipole moment in a molecule, in a solvent dissolving the ion-
condugctive salt.
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6. The composition of claim 4 or § which has a bond strength of at least 0.8
kN/m as measured according to the procedure of JIS K6854 (1994).

7. A secondary cell comprising a positive electrode, a negative electrode and a
solid polymer electrolyte layer, characterized in that the solid polymer electrode
layer is composed of the ion-conductive polymer electrolyte composition of claim 4,
5 or 6 and lies between the positive electrode and the negative electrode.

8. The secondary cell of claim 7 wherein the positive electrode Is a composite
positive electrode comprising a positive electrode current collector coated with a
positive electrode dope composed of the binder resin of claim 2 or 3 and an active
positive electrode material in admixture, and the solid polymer electrolyte layer
composed of the ion-conductive polymer electrolyte composition of claim 4, 5 or 6
lies between the composite positive electrode and the negative electrode composed
of lithium foil or a composite negative electrode obtained by coating a negative
electrode current collector with a negative electrode dope containing the binder
resin of claim 2 or 3 and a negative electrode active material in admixture.
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