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TECHNI CAL FI ELD The present invention relates to novel polymefjgy ggopounds,
bi nder resin conposed of the polyneric conpounds, 1o and pol yner

el ectrol yte conpositions having a high ionic conductivity and tackiness,

and secondary cells. BACKGROUND AREEE&EEi@%t%ﬁFS used in el ectrochem ca
devi ces such as 15 secondary cells have until now been prinmarily

| ow mol ecul ar BIFHerdGHSPRARERA + HRnAGT ReSdhi d 1P -orndikiiiyer Sodkymer

t enperature, such aseleteroletdyd@ippLiarionnand, spcopddneeaar bonate, and
tetrahydgofuran. In lithiumtype cells in particular, use is commonly nade
of | ow ndl ecul ar-wei ght 20 organic liquid electrolytes which tend to
evaporate) ignite and burn rather easily. To ensure long-termstability, a
metal can nust be used as the out @gcaRttAENEIMIre so as to increase the
airtightness of the container,. Th% resulﬁ pas een a conﬁidergble rise in
the weight of el elPPiRETSHHu PYLTaONT SRLE COnPORATES RATENSHLR

| ow nol ecul @mompeigfis, obyade desdui dompesedobft Hze rrigmerdgonpbeRowndsiuct i on
process.;oBy ag@Nbbagher  &ife di6 19t 2 RRAIPBERE 1 88s LS BIL G hahut SoRid OWs

electrolytes tqQ be. obtai ned which have a_very |low volatility and are not
o one Lo oy BoRRIEE SR LR Rk i0eBR - SaRay SPUamt Sttt vt dsn s hat have

sufficiently high nol ecul ar wei ght can even be used as solid electrolytes

which are not fluid at or above rq?gﬁgﬁﬁmghégfie. They offer the dua
advant age of serving as a solvent for Lonconductive salts and of

col idifying the ePLePtRRiitEs Meehs 1Anedearrrenatiaal Jemypes ot ushgirer

el ectr ohyt e, second8r$, céthorithwet unltilanoy’ bleen epsinaridy GowAvblecular+ ance

di scovered (Ragnki ERLSPARKE L NHAES 038014 CSt | ok S room4d July 2002
pol yet hyl ene oxide, and reported th MIithiumsalt is_dissolved in

Dol Yot hyl endeBRPASERED| ol 1A% GPEr ABREHENSORARALS - OBEOPTHES ocul <1 ng
conpl ex exhichirbenahei omnd tonhytireifuyaat rlgomittbipsr bype ecalflsaliout 10
ol Yot hyl en e oo o006 Wit Bhe 5. |1 qui
e Y oomip enpEraPiF el Srnhe, St =aivate FOLED tEhe domAveRBaRLS o oL pout
10-' to 10- &ng/ burnThather tedss lynowRo t ésunso| ymer-iternustabilidy .s@ch as
PERLC) b ShScRsliaahontts g e, gyl e ranonnady o8 #215
oﬁn; br oad r1§ﬁﬁga8? ¥%?g%jr’§tj§31e%9§tsﬁypgngﬂ18x?° {-?‘ eaﬁ'ed”b%l???e"ﬁgc, %s?ﬁch as
pol ypr opyl edeepxpdeonpbiempathhd aisienilne thpovglahkt mihelestahdaboay@ster. As
o T L e e
ochuse 1t naadcRiedpboldad.r g B ekl 8 LRSENAORC ghBERSe (VT
By contrast, the use of a polymer as the electrolyte
allows electrolytes to be obtained which have a very low
volatility and are not prone to evaporation. Moreover, such
30 "polymer electrolytes” that have a sufficiently high

molecular weight can even be used as solld electrolytes

which are not fluid at or above room temperature. They

offer the dual advantage of serving as a solvent for ion-

conductive salts and of solidifylng the electrolyte.

35 As an example of this type of polymer electrolyte, in
1978, Armond et al. at 1'Université de Grenoble in France

discovered that lithium perchlorate dissolves in solid
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20 netallic salt is dissolved therein, the salt forns a pseudocrosslinked
structure between the polyner chains that |leads to crystallization of the
polymer. As a result, the actual ionic conductivity is nuch lawer2dédmn the
predi cted value. This is because an ion-conductor dissolved in a linear 25

pol yet her - baggah Ay TeheMBkLEY, SHtd AHAVLLRYLCHRRX] d¢ T HRILSaML N the
| ocal novenent of pOlymer chain segnents w thin anmorphous regions of the

pol ymer matrib& d\i‘wsﬁﬁlf"ﬁé L8rRatyethviene peddgohevdRg| & metrdtiar telaht: he
cati ons whi choftabontt Izeooonl the onékigl i did compeest exnibit < cni dicgidiced 30 by

the polyrmer Cébgld@tl vty £¥ £88'rHC£%?pe§%ﬂu%1 %%grh{)(b:{;li’ A0d & hu '%Y&%gh@g gge

conductivity nmovenment ains is referre
Br awni an #ot i BPUPFEePeRitedr Ehabrwhen | § rl"éd{lt@épyleﬁﬂ& baseEgoivafednsuch as

pol yet h)él etne My&hly&eﬁelpeﬁltidé h@?@ﬁagla% ]E;daﬂel&uarxwgéﬂfméf f&ﬁacfdlﬂ tz@lm ore

i on-conductiv nmer .el ectr e n fact) acc ng 1o the liter ure o]
dat e, |onconaﬁ&c§\/§‘ Spoi-IHe 8f-)e QP SRS, 8$e ﬁgﬁ”é F CUUGEHIALY. 4
Jul'y 2002 polatmero®ms tempesapotry et fiydeme: @0 Heo p©r5y|SV0pyI eftaisoxiide 1&nd
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of about 10-' and not hi gher than _about Sl am
obt ai n i dff- cIHddt qi]}\?e abdiyiEr te| eeTTO R dOmEPPAYCLLEn %PHF@FF‘H’&H&E‘U vity,

a nol ecul e musd ddecdesigred.which allows the existence within the matrix

pol ymer of many amg BQQ“%h&ﬁg'Qﬂﬁiﬂr 904l i ﬁQQdH%r?r a[@,qédi bt 3RdaWNi Ch

does not crystalllze even én an 10n-con |ve sa ssol ved
therein to a BHqHd ééﬁéénpfaiﬁﬁﬁelwwyr%?ﬁoexﬂ-getﬁ%l%ﬁ‘%%rﬁﬁlY“l?é?cr| bed

by N. Ogata eafudl .as( penypropRied€apside, milyethzibreimf®90 polyurethanheoduce
a br anchelq) stJL L{fé)%rlg,esttg pol yet hyl ene oxi de. Their work denonstrates that
pol yet hyl’éne 0Xi fivati ve-based ion 15 conductive solid pol ynmer

el ectrol ytes havi ndsanptgf fabeve. dmieivdieng cxbée: tlwe MaFtem at room

tenperat ure) @rdusthagd 1h0esYDERESH 26K . tHABE YO ymEYS ] 10O YdTHjocﬁi ect rol ytes
have not been chrSﬁe |aI &éeg Qn cr(l:ouont ocftlt he s ge gp %

pol ynmer synt e S e RGP RO G et F8 I nvefito pr \?ous 88}1 Sed

t hat pol yner ¥ det @olspmd- f:aswtngllpm w@rﬁn%vwhgnaahlghgfﬁ @F@I&orﬂfuctl vity
ca{l beI prz%f)armmil&@tbq@usbnaw@by@éwam@ﬂe%e lagangafﬁl f%‘@hélsat Qﬂie%d%l-
natural po yrrerlc an S e a cappi n er.m_na
ooy or olEosaiinkEs” B Fngkite Makfian atRe roannE i ath et HRarR .
be used to fc#QnQnﬂaU@lQéByﬁépnebéctheﬂgak¥mehaV|h@ arreswdd] .| dve gctvayt h and
a high conduc{dn4id 36061418@6131@%5_@3%@&6 et hafBRAs- pf@a\fa@éa viehded

pol ymer el ectrol yt yOoXx

i ntroduced onto a %g‘iﬁaflﬁréFcﬁ'g??n%rP?{jglr?&ll?g’t g‘ﬁ égnﬁgﬁs%gv%éenﬁh ﬁén%%%;' t wo
dr awbacks?5 ( molweddese basednpptymen makdightsusdr agopghrethnkene (dxdsebone)

unit is hi gh,mﬁ}:\étfelér Wieh Itﬁsr@aésllrﬁbm@r&r 3¢t pbelyRbr POhY DX Ve didniae
segnents, :{}Tﬁ s where |oncondi1ct| Ve S t di.ssol utlgn andéﬂ:tgr SFI on takes
pl ace, per 35" B FECGRACBF FREIART (Pl %OIPVMFE BghEAnc Pricult
to achi eve; Pilonheft acksaede- ceosisl inkese stamethne ., ptioe .caldionsq July
2002 DISCLCER%ﬁiéﬂzéHﬂif MYENILIRN: conductivity are strongly coordinated

30 by the polymer chains, greatly reducing cation mobillity and

thus lowering the conductivity. Such local movement of the
polymer chains 1ls referred to as Brawnian motion.
For thls reason, a linear polyether-based polymer such
as polyethylene oxide is a poor choice as the matrix polymer
35 for an ion-conductive polymer electrolyte.
In fact, according to the literature to date, ion-
conductive polymer electrolytes composed entirely of linear



The present invention was conceived in |light of these circunstances. One
object of the invention is to provide a novel polyneric conpound; and a
bi nder resin conpose of the s polyneric conpound. Another abjjet{ 2604 0
provi de a pol yner electrol yte-form ng pol ynmer conposed of the novel

pol yrrer i ¢ CORAdrsY8hoR"RS NS51ANIR nesokﬁaerogbﬁﬁp@abymfeow%l ¥8a

pol ynmer el ec yte conposition en i'oni ¢ conductivity and
hi gh tacki nesiéol\Mﬁt@W]-PBﬁél@W? s%@fferﬁal%lhlavﬁoaﬂs@%%c LI iyditynait

el ectrol yte ifbcpplempataeiibe SHE hatssut ilont tsypm, cahlisat abés@ e andmier cel |
conpri sing tt}%? i ng}er I‘??ls an%I t he ion-conductive polyner electrolyte
conposi tion e Y «%t 0 conduct ed extensive and repeated i5

i nvesti gati ons in Bedebtadn abdn evandueddyeabadymas eleaiflyteshsavinant or

S fymer el Sy pabrctaseLe ey, wreatsai g, o Sondie M
y I i

unit wei ght & W%r’fgﬁ QFEEF$%$ "é%ntﬁﬁ BBEW‘rﬁr PTG corfoﬂl?l Woxyal kyl ene
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branched chai ns are int uce ont conventi onal natural polynmeric
subst ancel%suchisselyed theseln; thta Mi'\ﬂh FONCRBLYATLIGR r oduction of a 10-nole

un:t Ilength polhyoxlgmbhshenemgtmm iperchecklttbnpe, Uddscrived Miys masgat"age )
nol ecul ar wei ght_ .0 e rrlgnl 2_and the
nmol ecul ar wei g i (tfg%e % E‘a )f‘g et% theig?é) Po- H is
441. Hence, tth@lfqiwélt ﬁ&ﬁuﬁébrﬁsbnt%wddweéibﬂlﬁeep@*%@&yetiWPénHOEFoups
whi ch are thesdiidteateafl thae wiyé@fylteh@t oSt 88 0h¥ L1 VA1 v bapa Uohi-ve
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havi ng a uni tb@@ﬁ%@%&z%l ghiodéw%r than & @ﬁdﬁf@rlry&eauhabanﬁsﬁ such
as cellul ose is used as Jul 2002 .t

ckbone at the
7ol Ul ar el UARP SOTTRECAOALFER IR AP 9‘7‘- scohorf ) S Tprsky, oo
nmol ecul ar weitgr polymies §9nhb¢ei=§)aileyll3)q;btﬂwbénedgroups ( (CHZCHZO) lo-H) is
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a | arger nunmberndicidoilyyx genhbe epeemaue ys intiepducibng npglyaiyaikydenes,
i ncreasing i of-dfdHdd Icha1hbBCoh By ﬂtﬁ%{t ﬁﬁ%&?ﬂedsﬁgﬁa@cé%lﬂﬂlﬂ%s' oni ¢

conductivity can he attained in t | mtype.cell, for

exanpl e, is &3EMbiofE Ggflnﬁaﬁpyﬂﬁlﬁ‘%cﬁ%‘?@w"aél B¥9F8¥¥%egr‘?‘hp%r for the
sol i d pol2serswl @hileolsybstibuents | i amhltihatseuch pelyhersi cakerbe argedngnt f or

the abi | tty“?f@*"f’%l‘l'dyi’w"éf A "’ivﬁhg[‘z??ﬁ*&%%awt oty o0
be. tacky.  Nor@het hia BOOREE VLT (R ARag SRee. SR O ol JrSZe)

el ectrol yt es gener #Mowgveayesalpdspdliymerrledectodditesi tlnehlemrr ol yte/ negative
el ectrode CO(@ #O’Icfea%}a‘iﬁk 1Uﬂla' BEaH{?n&d’ | A <€ HlavRAbEEHI fﬁtt&hﬂ%&%ﬂﬁy A

positive ele | ectrol yte/ negative el ectrode osite 1s coiled
and pl acetf i PateEat W&E%@nﬁ'éb%?a%"ec(ﬁquhGSpF‘@%%B?‘%S?nh ¢ ni%he
batteries rreadmvtﬁmkspr €d19ubecaasaothe i lieenhlaet wedght hpeposoIymex el ect r ode

and the solidge r e t he
negative el ec?r ode, b%‘ﬂ*f)"%nﬁg Pﬁgpé\% rhdiz% ec‘?1 o%h?:qn% gé%%%%% J?{e]}é]el y from
the positive %’Fﬁ‘fe‘ti}%é’faﬁelﬁmﬁﬁb’gﬁh% ﬁﬁgé@ﬂtéde“’hltéh 1% whexgysian-as wel |,
the solid el e@csﬁdﬂcwiarepIsaqeddbgéw@&dm%xmm@rﬁ@1aheﬁ£ak@§epﬁdtda f flfér

negative ro |n ad on_t Vi Q.as a | ectr Iy t. al so
have the gbl I‘ir“?y t"{)eiﬁroﬁgl %hﬁo’ﬁ?ig?ﬁa:'[ °rsiq?Ti caﬁﬁgﬁgag??vg éff icu &s. In
ot her words, te aashievieavandaR)nthe.tagkingssy tendsr tbnbessowthMn
further in Iight of such considerations, the inventor has found al so that
35 pol ynmeri c conmpounds containing polyvinyl al cohol units of general
formula (1) bel ow and havi ng an average degree of polynerization of at

| east 20 in which some or all of the



-5 4 July 2002 hydroxyl groups on the polyvinyl alcohol units are
substituted with oxyal kyl ene-cont ai ni ng groups to an average nol ar
substitution of at |east 0.3, and especially such polyneri g gampopees in
whi ch some or all of the hydroxyl 5 groups on the nolecule are additionally

capped with one or nore type ﬁsﬁﬂg@ t o] ed from anong
hal ogen at ons, substituted or unsubstifuted nonoval ent hgdrocar bon groups
e

of 1 to 10 car bons,TR&Pregestipsnvertinn siassicrpredyed pin Ko ofr Jhes,

g! kyl ?m' no ?r @umnmghmimf ph@ﬂiélsotljbdtomfaitﬁélngn@émtml jh;]:i\)tea prevadel aty to
I ssolve a I on-conduct j ve s o o e
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mobi lity, ena@ié@ﬂr&lﬁéﬁfoixﬁ.ahﬁ bO1¢Ra Wdnipdislert b@ BBe akbYEY &tb1yMetac t hese
pol yneric congounds ave ? hi t acki ness .which allows themto function

wel | as a bin %‘Pp‘?:‘HH{;oncgﬁ fRather (qRieC oﬁﬁst?h%r?)“bjsaq i3 1907 negati ve

el ectrodes. Thenduwteinteopdlgmerhaiectscyesr edmpoat t £onpesddwed svicdmpriighi ng
an ion-conduct .di;350 | n at J [ j nder
resin corrpose%b%fc g%c@ﬁﬁ?f@?eﬁ{gd%{o%?u%é&g&%gi gggﬁ‘yiéslgﬁﬁ]sf ei}%ol? use as a
solid pol yhervelkcte d1sa &5 @ SPLAt DPLYMRE edieicdFodnger &N aRRRL XG4 i ons.
Accordi ngly, *sh@;mfaaPtm-it@lpenb:emnsp][m df%elc%?déi:)[ ael(ml&dms:'rfswwz CHd
conpri sing po CO Lt T _qe r N -

e~ . (g%l[xg%(foe%v%eggﬁdn%ﬁergﬁﬁe%%}\ﬁétg‘vﬁuﬁgyhg é%e?%%c’slt , and
havi ng an avef@BROMgha®e of pol ynerization of at |east 20, characterized in
that some or all ofrHéankeatexyha§réshimudted Batpakyve Nyhd ategdiedinits are

substi t ut WLt h oxyal.kyl ene-containjn r.0ups an_aver age. nol ar
Subst | ut Ton Vet adiigens " §r°8gh8 ORI SHRS chdsB o RE, 298 O cBhpl.
hydr oxyl groupke cinventamhasuddscohexred i thatuga elf§ecthue nvayy o drabes

groups on thetR&! ¥om W lcotlaueRal1¥di §Ht10in tAYPMEIEELEcELHDPEEE o1 gCapped
wi t h nonoval ent . substj tyent,s of at {:east one .ty cted fromthe class

e 5 sel
consi sting of PREYSYert S Gd NCLEBEE] %?&F‘?ﬂ°%4§’g‘b§9ﬁ HPgﬁ Wb Ut
hydr ocar bon grpelpsemfelledtgrolyteafboming Ricdimegr dopwhifi belyexryaldkismet ut ed
or unsubs}g t UsEemEED M1 NBEr ACSESDRLEY AP 10h -LohQudP1¢8r 0N )are R 3Si -

groups (Rl be%ngﬁ%ﬁgg% :5’3‘3:2’ thlgagg}(%ér.am no groups, al kylam no groups and

phosphor uscon

That is, a typical example in which polyoxyalkylene
branched chains are introduced onto a conventional natural
polymeric substance such as cellulose might 1involve the

25 dintroduction of a 10-mole unit length polyoxyethylene group
per cellulose unit. 1In thils case, the molecular weight of
the cellulose recurring units (CH,,0;) 1s 162 and the
molecular weight of the 10-mole polyoxyethylene groups
((CH,CH,0),,-H) 1s 441. Hence, the fraction represented by

30 the polyoxyethylene groups, which are the portions of the
polymer that dissolve the lon-conductive salt, relative to
the unit weight of the resulting cellulose derivative
(polyoxyethylene fractlon) is given by the ratio
441/(441+161) = 0.733.

35 By contrast, if a polymeric compound such as polyvinyl
alcohol (PVA), having a unit molecular welght lower than
natural polymerlc substances such as cellulose is used as



4 July 2002 (2) a binder resin conposed of the above polyneric conpound,
(3) an ion-conductive polyner electrolyte conposition conprising primarily
t he same pol yner electrolyte-formng 5 polyner (that is, the funegoopg

pol ymeric conpound) and an ion-conductive salt; and (4) a secondary cel

t [ d |
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di hydr oxypr opf Bt &Rep R HRHethvdshs TprepleR P B4 Mdtas he0d is
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THE | NVENTI ON I nvention 1s describ nore f bel ow. The polyneric
compound of t Radikiemt & ivhigh dilhﬁsmﬂéﬁ(jw—ﬁylllaﬁl%&fﬁﬂgeﬁnﬂlpg‘bﬁﬁd" as an
aver age degre@oQiyoﬁ@éMﬂSBIere’altdemeﬁﬂ:sa‘ivhéﬁasioﬁQnigﬂfeﬂfi@mabbyzuﬁ‘s | east 30,

I L o PEBEERRE g o kB, St e e s

t he pol yvi nyl iﬁf”c' oxyal ene-contain
groups. The uppeh Lomic ¢Qﬂddﬂ$h¥ﬁ§wagendbgr@iﬁ&ﬁnqﬁﬂipnéhﬂﬁaWﬁbn S

preferably no hi 9hemwamh%xpgoﬂqmdt‘;?@e&éﬁiI YEGTO Xafil % t D3na 288nb e
average 30 degree of $o| perization_re i \%ntot ng gage
degree of pol YiePPz4t ymer e1eGhhBLiRER: Wit rP’%d&E ed§‘8¥
polynerizatiopohameraﬂlenxnnmynﬁﬂnp hﬂghtvosch&ytq@rVHamsnghehbmnderf|cuIt to

handl e. Accor %ﬁ\gbxené heoF af.r}g;e deit, h%héeai@@tpélm Yrﬂﬁ;rt' HabOBotE a
preferabl){afrom 5.20,to 5 nmononeri c

The a
o yvi nyl Y8l cBRGR B RN Y baeibhe St e SRR Eopcp ‘ﬁ‘g‘?%
conpound and batterhea¢oltowaiprgeisr dfhdorimul dt bhst- be~t&Ry - CH OH5 In

formula (1), Ma%eb%}erfmﬁtﬁ;e 'b%%terzgs RE&L & A ys.cﬁ.tidl ?eigmé@ and nost
preferably at |east 50.  The upper Iimt for nis preferab no_ hi gher t han

2,000, io andeé@ﬁEEPéYF?/S rﬁFIPﬁ’?j’rHTY PRYR QOBOSitive electroak/solid

electrolyte/negative electrode construction. Unlike

20 cylindrical batteries 1in which this positive electrode/sclid
electrolyte/negative electrode composite is coiled and
placed in a can, the absence of a coiling pressure in f£ilm-
type batteries means that pressure is not applled between
the positive electrode and the so0lld electrolyte and between

25 the solid electrolyte and the negative electrode, allowing
the solid electrolyte to separate readily from the positive
electrode and the negative electrode. For this reason as
well, the solid electrolyte placed between the positive
electrode and the negative electrode, in addition to serxrving

30 as an electrolyte, must also have the ability to strongly
bond the positive and negative electrodes. In other words,
it must have tackiness.

Pursuing their investigations even further in light of

such considerations, the inventor has found also that

35 polymeric compounds contalining polyvinyl alcohol units of
general formula (1) below and having an average degree of
polymerlization of at least 20 in which some or all of the



It is highly advantageous for the polyvinyl alcohol unit-containing

pol ynmeric conpound of the invention to be a honopol yner which satisfies the
above range in the average degree of polynerization and ingwiheh fde
fraction of 15 ponvinyI al cohol units in the nolecule is at |east 98 nold.
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oxyal kyl ane. TR el SsBBEy T p L8P in e Houie a0 BBl OB 8- 202 e
mol ar subYk i tmnwlﬁfngatgﬂoﬁﬁﬁ bage the ghidm |t(9n déﬁsﬁ}HPoﬁyJ-a’g"ﬁ’%ups
substituted M&ummﬂ KWneReneaBt a8l 41 ¢rvsifudes ofd theid Hugy 2002

preferably at t 30 y_at least,5 rml % The

aver age nol ar® X%%qn%lﬁafﬁ%fncgﬁi%e&a'&rer %’Bﬁeﬁrﬁﬁe%%%ujr%t S measuring
the wei ght ofmelecyls yofi mpirealosyhbkybentiosemuendisd ovies whilght the idms
reaction prodysd nidadss 15RA%kdeE. 159rm@e;fm . éhatAl8g B WOGENi1dHi@ of PVA
is reacted with et 1}/I ene qoxide, g m%;‘ theEjL§SU|t ng PVA
derivati v¥ | s EHHEPIR B £§ ﬁﬁ % th@‘ §s¢ -, and so
their unit notenpdardsvhiaylet a High. taqkimeeténsvrﬁm @éxllowat themob@ai ned as the

reaction prOdf'Eﬂctict}? weQi %Oup%iaae}héo:%argéﬂaltha(t%%ﬁ?%nayntﬁé have
becone -0- ( CHz ﬁl% , and so_the unit nolecu ht of the

reaction pr odﬁ%?“ijsvetlf% gﬂéégﬁsﬁl?ﬁ*ér?‘#c? eadB® MNYEPERY RAS It ed with
t he reaction dtsceprmsernted lopmpdsltidns heonmtic=iinat iamn los -canduetivs

fol  ovs. BVAY B derdoiaiee o %%agﬂiél@aent;%%lqng o $0nto#40851, 660 1 -

0.5 20 Hence, th | ar_substitution IS exa
course, this Q%EPE%S%F&:I PUCEH Be BRAYERE ?1% CRARARA r?&learid?ﬁ‘ﬂ;%i’l Folted. fomhat
i's) val ues suuse ass tdhesajlishipcllymelr aheetcobytd\ih filis tgpet hattetrees| e and

the length ofaﬁ@ergfh@@/%td%lﬁg%igﬁgups i ntroduced by the reaction cannot
be specified in this way unit M5 =1 unit M5 = 2 units
Accordingly the present invention provides:

25 (1) a polymeric compound comprising polyvinyl alcohol
units of general formula (1):

— CH, — CH 57— e (1)
H

30 wherein n represents a number of at least 20, and having an
average degree of polymerizatlion of at least 20,
characterized in that some or all of the hydroxyl groups on
the polyvinyl alcohol unlts are substituted with
oxyalkylene-containling groups to an average molar

35 substitutlon of at least 0.3;



--~CHR - CH~CH - i H-~CHR - i HOHO O ata.~.r=1 H ~0 HOS 30 Average
M5 - (0+1+2)/3 -1 g 4 July 2002 Exanpl es of suitable nethods for

i ntroduci ng oxyal kyl ene-cont ai ni ng groups onto the above pol yvi nyl al cohol
uni t-containing polyneric conpound include (1) reacting the polyyvinyl,

al cohol unit-containing polymeric 5 conpound with an oxirane conﬁ%ung such
as ethylene oxide, and (2) reacting the polyvinyl alcohol unit-containing
pol ymeri c co@PeurRPrig t ar aapal wx iy EAsoEBhpotRdriavithgte molecule,

hydr oxy-r eact } subsidqtgnt t : ho t oxi.rane
conpound naykgéﬁghygﬁghbne oﬁﬁ%%ngﬁﬁ§¥ﬁgﬁh£eﬁ£@¥§%£§%on?gn%%a e?ﬁyléhg

oxi de, propylpe@igvixiyde ahdolgbyciuhdlts | fettdnd epelonedéci scanganired, | arkhi s
case, one or nore oxyethylene chain is introduced gnto the pol yneric
Conpound as SHEREY ftHE PO 6 7y { SFRGFACITBCPVRE. ATOHEP0) OB° HEVRS: he
fornula, 5a" gegcRit@icer #bbi fERA 119540, Ak Wity Praf ehalloyehr ogtdmk9 5.
20 |f propylene oxide is reacted instead, one or nore oxypropylene chain is
i ntroduced oRU®StHEWEId meprc conpEAidL st eshownobevake VA hERzcReybanH CH3
25 In the foryula,. "h% i r ef er,abl romil 10, st.preferably from
1to5 And.i §$§%i gl ?SR¥Ea§Ped?¥Fé888faﬁ%ﬁ§% C g?ﬁgg?lgRan%egf% a%e

i ntroduced orfubstthe uderpaimndin A shiout il oo sl &leiachy@ho6& raohy giroxpl
group on the PVA with glycidol can Rgoqeed in either of two ways: |
"a-attack" afd "batPadl "caRROREhct Rowist 9RRUBFydRdoPeiHi% s edeféaeds two

new hydr gyl @Mns, %ﬁhoot;r%-ﬁ%b CaNk Y Th S 58BEPsW Ak 9bKesPAbruds a
result, the two foll ow ng branched chai'ns -lo
containing groups.

6a



4 July 2002 (1) and (2) are introduced onto the hydroxyl groups of the PVA
units. a-attack PVA-OH ~~OH ---~ PVA - 0- (CH2CHCHzO - H OH b-attack PVA-
OH~~0H --~ PVA- 0 - (CHCH20) - HO I CH20H PVA-OH: hydr oxylJugryo@dn a
PVA unit (1) - (CH2i HCH20) X 0(Z) - (CHCH20) y CH205 In branched chains (1)
and (2), the value og4Yai 81REEECFEDIY éancﬁasﬂedt %flgneaagovpsgoﬁ{rﬁéﬁcabl y from
1to5 The ratio of. x toy 1s not particularly specified, ough x:y
general |y fal$¥RAWM:n a range of 0.4:0.6 to 0.6:0.4. to The reaction of
the pol yvinyl al col@l) i 1oﬁoabmmmwﬁ©&%fe|rceceaﬁﬁunﬁtwctdsm;sdmfalmwe

oxi rane conpound can be carried out usin i.C_ca LU SOdI um
Py oxi de. - poTRE oy BESRREETS s, P A teREr TSt
reaction o&f pilmnieary|(thlatolisl wWhe hfepeadid podymrdescpinb@wnfbblmeﬁm an
illustrative g afRudtivet saibe &&@ction vessel is charged with a sol vent
and polyvinyl alcohol. It is pot essential in this case for the V|nyI
al cohol to be di ssgl4\)e8 FROPAZAEY| SRt . COMRRLSIRY AhBOBLFIVE A HIT& I'1p

be present i m triegadivecrileecttrbde amd sa 2ooluind fparlyimgrdedeotvellyte alayem, |n a

suspended st g% 0 such
as agueous sgéd‘%urﬁtgzll \ri%%fi 1?‘ F%égd‘gll and_ st r % Eléc@%ﬂdfe Ei’%‘éf%%OXLtS"Irll s

sol uti on,0 olcF%WQ?@%fcﬁh&I gePuel 1%1%&‘&}1%3’(‘4? £°§W9En?1?%t%]d@if
Reaction is C@dnipc%itqld)h ahdalgeyenet@émerﬁielrpe)sfmﬂva gleetrddé eargl tmef

time, after whic X al cohol is renoved. If the polyvinyl

al cohol is prrées%a 1ve g feaction mxture in undissolved form it is
separated of f by f||trat|on using a gI ass fllter for exanple. If, on the
ot her hand, the polyvinyl gk d (8 SO 8 xt 0 reaction

m xture, jt is preg ted ou{3 oI utlon by ri al cohol or her
sui t abl e r eci pi t at |I?g Z gﬁt 3 nFoLY’ Peactior qu; ?ghyaoWW\f%%Ylo ih the
preci pitate iBokapavat @d%hplusrﬁgaaeﬁlmﬁxdmm@r 1 Pér theatpyentign

nmodi fied pol yvinyl F@@OhothﬁdeJC&idé-am&ié |>@d:a9¥dl§f9h§§%#tpﬁtdﬁ wat er,

neut 211720 By s St BASROUE A A 1h o SH° B LS O

di hydr oxypr opyl at ed pol yvi nyl alcohol In the reactlon the nDIar ratio
bet ween the pol yvi nyl : snPref erably
1:10, and

The invention 1s described more fully below.

The polymeric compound of the invention contains
polyvinyl alcohol units and has an average degree of
polymerization of at least 20, preferably at least 30, and

25 most preferably at least 50. Some or all of the hydroxyl
groups on the polyvinyl alcohol units are substituted with
oxyalkylene-contalning groups. The upper limit in the
average degree of polymerization 1s preferably no higher
than 2,000, and especially no higher than 200. The average

30 degree of polymerization refers herein to the number-average
degree of polymerization. Polymeric compounds with too high
a degree of polymerlzation have an excessively high
viscosity, making them difficult to handle. Accordingly,
the range in the degree of polymerization is preferably from

35 20 to 500 monomeric unilts.



nost preferably 1:20. The pol yoxyal kyl ene conpound havi ng a

hydr oxy-reactive substituent at the end used in above nethod (2) nmay be a
compound of general formula (2). 25 A- ( Rz~ ) mRs ...(2) 4 guligrmda (2),
the letter A represents a nonoval ent substituent having reactivity with

hydroxyl arouns.  Sauld LBLLAb)Y S BXATRLERAC LRS! ABEY 308 6 DR R EPOXY

groups, carboxylic groups, C acl hl ori ups, ester groups,
am de groups, ohathgydnvensivespehymeric ronipeandppodi haventhe fakliawdng
si li con-bearigéhdRACtHormuigbgihf uents, and ot her nonoval ent substituents
capable of reacting with 35 hydroxyl groups. O these, isocyanate groups,
epoxy groups, and carboxylic acid chloride groups are preferred for their
reactivity. -12 4 July 2002 The carboxylic group may al so be an acid
anhydride. Preferrett @telHgnigups are methyl ester amd(dthyl ester groups.
Exanpl es of suitable siliclon-bearing reactive substituents include
substituents having term il SiH or 5 SiOH groups. The hydroxy-reactive
group, such as an isocyanate group or an epoxy group, may be bonded
directly to the oxyal kyl ene group R20 or through, for exanple, an
i nterveni ng oxygen & &@rmydpf (F) atdrg leditisanyl 1gr atipleast 2t bonyl oxy group,
gi t][ogegf)us ?pﬂ%%@lg. atNileas N $#13)ana !Nlo(sgc%gléghfab% O4t Sﬂalscﬁfsuo :
referably, e r oxy-reactive group i e e _oxya e group
R20 t hr ough éﬂ“?ﬁ#@FVéﬁFWg%g%8ﬁpngﬁ% Eﬁ?%ﬁ#a;Vk9Peﬁ$? %¥kéﬁv}§%éﬁ’w aryl ene
group havitng dnd especdalBynse hhghessgdwim|200.1 to 6 carbons. i 5 Exanpl es of

pol yoxyal kyl ene gr qupg sbgaghiy ddiantagRoudl rovbshet gélyvihfihalidgmpibe used
are the products obtained by reacthgﬁgg%%;socyanate coqggunds at .t he

hydroxyl end YHoUiF G niaeyBRyEmesA 304, Of sHRG a2y e G BU D P%r Bng
conpounds t hatomapollymersgtiich $atbksfiese theclabdwecvapgents e lenanaget wo or

nore i socyan : I t I { A anat e,
yana§ &g P WIS ol Eﬁ;?@%ﬁ&g $ha SYCHnidn g#&h:‘?%?ﬂiec%xﬁ%y

xyl yl ene diisocyanate, "napht i 1 socyanat e, en ane

di i socyaniat e, PHIPHARH @1eChPL sBRY Mt the Fvdevile: f8ratitearly Afamols -
tolidine dii sitwyerat e uskeexaneahysd ane mtdes afyamdthoandpasophidiaane 25
bt S e et PRI, Doty B B Bl COMMAMISR, IR 20
Hi -0- (FQO)cqwquqgs_Ygic satisfy the above range 1in the average
degree of polymerization and have a polyvinyl alcohol
20 fraction of preferably at least 60 mol%, and more preferably
at least 70 mol%¥. Illustrative examples lnclude
polyvinylformal in which some of the hydroxyl groups on the
polyvinyl alcohol have been converted to formal, modified
polyvinyl alcohols in which some of the hydroxyl groups on
25 the polyvinyl alcohol have been alkylated, poly(ethylene
vinyl alcohol), partlally saponified polyvinyl acetate, and
other modified polyvinyl alcohols.
Some or all of the hydroxyl groups on the polyvinyl
alcohol units of the polymeric compound according to the
30 invention are substituted with oxyalkylene-containing groups
(some of the hydrogen atoms on which oxyalkylene groups may
be substituted with hydroxyl groups) to an average molar
substitution of at least 0.3. The proportion of hydroxyl
groups substituted with oxyalkylene-contalning groups is



4 July 2002 In the formula, RZO is an oxyal kyl ene group of 2 to 5 carbons ,
exanpl es of which include -CH2CH20- , -CHzCHzZCH20- , -CHZCH ( CH3 ) O
-CHZCH ( CHZCH3 ) O and - CHZCHzCHZCHZO- . The letter mreprggenptsdhe
nunber of noles of the oxyal kyl ene group 5 that are added. This nunber of
added nol es ( } ref era r { , ferably frognl to
50. Here, th peoﬂe}g%%gl E}%I glra]és%:%?nrﬂorle%’r (Jaaglgnfn gggbgpéﬁ%lp%lﬁldvsgq? (%‘F\ér?ﬁfta RZO m
is nost pref @Ay a pol yethyl ene gl ycol chain, a polypropyl ene glycol
CEa! n orT ha pol yﬁ% hyﬂn@navefagl@ ﬂ&éﬁ@dﬁmﬂgn&?arl ens) oa%l\rd%e( Iag)l(tefiﬁ.@abnger
chai n. e wei average nol ecu] ar [ ese pol yoxyal kyl.en ai ns
o bret or abl sPY ASFUFGGELE BOBOEE Lot ot N e tgBer BF abky 109 T S 21001
wei ght - aver agehangedc aindr thei gatghtinge tWie 2@actdod, pHGdatt whLeh tuhe

pol yal kyl ene &hitlindss lebGubslafth1é 00N dPIRAMEE 16 Kot bl zabove
fornmula is a cappl ng noi etg or one end of the chain.”This represents a
hydr ogen at onfeaftashadithupEhydene niia i andedbronedaremt e FesBEAEr oup
having 1 to I®wxadidratioe f@is RS0y, gmhepprynhents H&vd $he Fobmtlaut ed or
unsubstituted _hydr r Qr i .0. 10, cagpons) .
[llustrative e@pﬁgﬁgéﬁgi th%‘gﬁsbs@?&?eg}{% ngonis]eﬂ%us]tqﬁg:t &teté%hrj‘cfo%%v%?'ents‘c)n
hydrocar bon grlugd/haerdyative aotazrasbis tthet reagtben useafiues .+ RBecapBi ng
gmt elty |2 Er_;C! u ?Jﬁ@'long&?egsfigmaﬁs} (f’?-fzhukOHﬂhYl%niﬂH m?(rb, blaél@lﬂéOPY:,

utyl, i sobuty rt-bu pen .. heopen exyl, ¢ exyl,
octyl nonyt A QLERDn A gr St B son BhS prehytolStisr ZEAeRITOY.
aral kyl groupehe ustncdd obepryfinchhbnys £t4dn. abecpremiher dpyreagbkémyl groups
and oot enyl | aeiiiy lasdBelARR b B o an iy ogen
and octenyl; an sybstituted grou [ [ S ydr og
atoms on *he %%\F@%ﬁt"‘gﬂﬁyﬂa%ﬁ ‘E)%é’hlg‘il?sstifP&tlQHSwth hal ogen atons such as
fluorine, bromne or chloride, cyano, hydroxyl, H(ORZ)Z- (wherein R2 is an
al kyl ene having 2 to 4Py¥a/B¥Asdeniiative an 44t(dderd4ndom 1100918B)9 anmi no,
am noal kyl or 35 phosphapo+ Ppesi f4 cegganpl es of such substituted groups

i ncl ude cyanoet hyl , cyano_becgzgll , Substituted groups in which cyano is
bonded to other alkyl Sroﬁp ““chloronethyl, -14 4 July 2002 chl oropropyl,
bronoet hydo and trifl uoropropyl. These nay be used al one or as conbi nations
of two or nore theHedre., Thhe nmpebak | fmsthigtdenr b¥8) ginuhis gxaapdeabby one
havi Bg fro(rjn lo 1®. Boeaeb@nse, StHid Hi_silﬁli@t ;tjn\éeewaﬁ@éﬁsmﬁtﬁtg? ageedgs that
may be use t he i,ng.miety include those in i C i.s
substituted §$°luart¥5l?glg’t%&tiﬁggéoﬁbn§\?arler} ’h§/’ r%%%réo%%h rSoBC[I)l.e Brle g%F%dOf
exanpl es of Rnyeadtede PYPKkPRibs phckhe mplagydenwprdntheylengduiesdt ithet ed with
_cyanoi haggsl( ngwmymﬁzgxbgbe gﬁeﬂp&;caéuib duyyfth@bealaeyliong[]&mﬁl t :a@e rtea_cti on
in netho e e ve-descri bed pol yvi nyl al cohol wunit-containing
pol ymeric co T %éniﬁger%dtlghgﬁagog%gdescri bed pol yoxyal kyl ene conpound havi ng
a hydroxyreactive substituent at the end may be carried out in the 15 sane

manner as the reacisor gaghi€d oM W i hymix oOXiM@ene Leaeegnd in nmethod (1).
H Q 0 a+B8+r=1

2

OH 0

S

HO

30 Average MS = (0 + 1 + 2)/3 =1



In the reaction, the nolar ratio between the polyvinyl alcohol and the

pol yoxyal kyl ene conpound havi ng a hydroxyreactive substituent at the end is
preferably from1:1 to 20 1:20, and nost preferably from 14lstoy12d0®2 The
structure of the polyneric conpound of the invention in which

oxyal kyl ene-cont ai nj rQu ve .been introd d, o) vi nyl al cohol
units can be veri firﬂé{%%ﬁ’ge%%fl\%%%apbeﬁ #“8&&‘88%. gﬁgrlggé?r%lféeiry%en

di hydr oxypr opy¥ealtr1z@epgbpabyinal gohms mndpartbe bhoveapelywinidl yvi nyl

al cohol with Qidéé}icﬁo'udi?t-%Bﬁ'tﬂﬁﬁn&’)boll%&“@ G%Eguﬁﬁefﬁélﬁﬁémzuged usi ng

a Varian VXR-300 NVR spectroneter,” wth D20 as the sol vent), ectrum
i ncl udes peak&3TriNSvA na%ak%ﬂ AL/ BN FORY PR RO Medidfat i ng
fromthe ¢ ycéshpouras wdahs Aawoxinand Gonpbouhlde sexheats é&thyhamd dxdidle,
oxyal kyl ene chai n-pegr| | yyi ol bt=C il | ric
conmpound of t%@i%@e%ha%%iggn%(%% 2%&35{/3%1 kylaé#ghérloﬁg%@cgén eﬂglé‘%/er mned in
this case usiPelyrarisusoananpdi ¢hth (2 dmlivprrelkydrngscapowd Invdingrént al

anal ysi s, al thpugiky réRichede Obubet Srudmatdtonneasad.on the wei ght of the
pol ymer charged as 2 r%act anttgncg G]{he itg%(r)eag_e in vveliwggt ‘ﬁf thgﬁ{)ol mer
formed by the reactiof r¥e-g-0° Yy 2*ST PP CGHEC EEHEHI &1ft 2 Hor
exanpl e, ithe 9ne|ar mpnbioagdonr sebecktds) fnoociageng sthylenegoxdicieh t he wei ght
of the pol yvi pybppleh ek 4B gﬁgo%-[ﬁi,ﬂi(ﬂg_ pol ynmeri c conpound charged into

t he reaction ‘and the weight of the oxyal kyl ene chain s bearing pol yvinyl
al cohol unit - cont ailf ﬁ&hgﬁ?ﬂ)ﬁe?’i”cdecdn%dﬁ?d’tﬁﬁ APnEBLE  AE] hETRe &% f\;'Gf‘?,e t hen
usi ng this diéteetendeneo chalilnuiat fntiwiupeshiontty aheopryiykert vnecanipmund t hat
have been i nt dé{.goqq] t h rred to hereinafter as the
"aver age nol aégsu st iltri}t ?'(1)1% ?95]{%@%%;%@&%6. nol ar substitution (M5)
serves het® as an indicator of the nunber of noles of oxyal kyl ene groups

t hat have been intr&guced Cﬁg{lﬁo t he nﬁl ecul e per vinyl alcohol unit. In the
pol ymeri c conpound R The( eQ’]taiUrT,' t he average nol ar substitution nust be
at least 0.3, and is 15 preferably at least 0.5, nore preferably at |east
0.7 and nost preferably at least 1.0. No particular upper Iimt is inposed
on the average nol dn dhesEproulan, "l tisopglefarablyefnomhl giverld,hand20 i s

preferred. TogodOW AFAUBHFIErIR! RresUPstitution may result in the
inability of the i'on 20 conductive salt to dissolve, lLower ion nobility and
| over i ontt conductifvPEPPYERNE n@Xie S FEAFtedndPrateffg M A aPE§e nol ar
substituti on dreymrupydener chabn| ey elntfmmdredd opitel dthanyolyméiier cdrpagad n
the sol ubilityg oL, iJehly . of the ion-conductive salt and is thus

poi ntl ess. 2s %epen Ing on its average degree of polynerization, the
oxyal kyl ene chai n-beari ng pol yvinyl al cohol unit-containing polyneric
conpound of the invF;wt_i_gn g_g io s in_appearance at roomtenperature (20C)
froma highly viscous nol é “bike I'iquid to a rubbery solid. The higher

t he average degree of 30 pol rization, the nore it qualifies as a solid
(al beit, a soft, paste-like lid) having a low fluidity at room
tenmperatuge. The pol yneric conmpound of the invention, regardless of its
average degree of polynerization, is not a linear 35 polyner, but rather an
anor phous pol etheifonmglene "Bnt & gprafafatdy iftr§mhilgﬁPylér aarthatpstol ecul ar
chains. As shppefrérafiyGerdm thté §s evident fromthe absence of any -16

And if glycidol is reacted, two branched chains (1)
and (2) are introduced onto the compound, as shown below.
30 Reaction of a hydroxyl group on the PVA with glycidol
can proceed in elther of two ways: "a-attack" and "b-
attack." The reaction of one glycidol molecule creates two
new hydroxyl groups, each of which can 1n turn react with
glycidol. As a result, the two following branched chains

-10-



4 July 2002 peaks in the wide-angle x-ray diffraction pattern that would
suggest the presence of crystals. The oxyal kyl ene chai n-beari ng pol yvi nyl
al cohol unitcontaining polyneric conpound of the invention4canlped2
prepared as a capped hydroxyl -bearing pol yner derivative by capping sone or
all of the hydroxyl u o] I e j f..t he
remai ni ng hydelo)x;)/sl)‘“_1 g%8p§§?rgnn’%?‘ﬁ%d%éo(f%\%tﬁyl(thgl §§ﬁ§?*ﬂ%.§€&£%qfﬁet eydroxyl
groups on t h&WBxy@iEgl-ene- cont ai ni ng groups introduced onto the mol ecul e),
1o and preferably at |least 10 nol% w th one or nore nonoval ent
substituents selected from anong hal ogen atons, substituted or
unsubsti tut ed nonoval entathadk ocar bon groups having 1 to 10 carbons, R1CO-
groups (wherein Rl iségzsubskgérted or unsubstituted nonoval ent hydrocar bon
group of 1 to 10 15 cdrbons), 3Si - oups (Rl being as defined above),

am no groups, al ®&Azmdtho grou osphorors- BWhtabni EH,EHMLPs — HThe

pur pose of capping the hydroxyy @Qroups on the inventive oxyal kyl ene

chai n- beari ng ponvinzlaéh&gE:I uni t cont ai ni ng polynmeric ¢ ound with the
above substituents is 3 cfold. (1) In a polyner containing a high
concentration of ioncghductive salt) gljssociated cations and counter ions
(ani ons) will re&dA+y0H ecombi n&i | owrdietrecPYA = Gons(CHRl,0p otyhrer
matrix, |lowering the conductivit ecause raising 25 thg polarity of the
pol ymer matrix di scourages ion association, one aimis tdHMtrease the
dielectric constant of the matrix polymer by intéqﬁgcing pol ar groups at

t he hydroxyl groups of the oxyal kyl ene chai n- beari pol yvi nyl al cohol

uni t - cont ai ni ng pol ymeric conpound. 30 (2) The 8 &“HPH?Fg%%denpart t he
pol ymer el ectrolyteform ng polynmer with highly desirable characteristics,
such as hydrophobi ¢pypr oper tguegicad, £i re retardance. To increase the
dielectric constant of the pd ynertc conpound according to the first of

t hese ains, the s5 oxyal kyl eng chai n-beari ng pol yvi nyl al cohol

uni t-containing polyneric conpound is reacted with a hydroxy-reactive -m

4 July 2002 conmpound so as to cap the hydroxyl end groups on the polyneric
conpound wi th highl(3) pol ar(gpfpgy ituents. Al though the highly polar
substituents used for this jpurppoSe are not subject to any particul ar
limtation, s neutral subst&{yents such as substituted or unsubstituted
nonoval ent hydrocarbon groupd with 1 to 10 carbons and R1COgroups (wherein
Rl is as @efined above) are preferable to ionic substituents. If necessary,
capping may al o benCRELhERe® Wndird! (3)N8has Yb) 3DLRe PRI bgnLy Such as

amno io groups and_a ¥ am no groups.
preferably from 1 to 10, and most preferably from 1 to 5.

The ratio of x to y is not particularly specified, although
X:y generally falls within a range of 0.4:0.6 to 0.6:0.4.

10 The reaction of the polyvinyl alcohol unit-containing
polymeric compound with the above oxirane compound can be
carried out using a baslc catalyst such as sodium hydroxide,
potassium hydroxide or any of varlous amine compounds.

The reaction of polyvinyl alcohol with glycidol is

15 described below as an illustratlve example. First, the
reaction vessel is charged with a solvent and polyvinyl
alcohol. It is not essential in this case for the polyvinyl
alcohol to be dissolved in the solvent. That 1s, the
polyvinyl alcohol may be present in the solvent either in a

20 uniformly dissolved state or in a suspended state. A given
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The second purpose of capping nentioned above, which is to confer

hydr ophobi ¢ properties and fire retardance to the polyneric conpound, can
be achi eved by the use of, for exanple, hal ogen atons, R1331dugyorpx (Rl
bei ng as defined 15 above) or phosphorus-containing groups to cap the

hydroxyl gro 8%?‘%8: SOL}B p%I LB L % nclfgj, é‘E?’%ml G208k Q@hf&ﬁrha;ﬂﬁd%;ﬁ] 0hat

may be used as Fhant 1'ne, brom i ne.
Exanpl es of the adfded Iatn@t é(ﬁlﬁreén@aﬂbs@ ivhideed W@oﬂiéﬂénﬁo@éfﬁ*@@r ocar bon

groups havi ngf&li&nﬂpg %&Qﬁ%ly@ﬂ@'opf&iﬂ@id lelzhtﬁ §o§@éh@n§s dd@da may be
used as the substituent incl EFS t he same se nen |one above,. Suitable
d

exanpl es of t RAGHIL T 1S FAFR Ut Rt & eé’s §MPER 559e ?5r2 VSR anpl es
of suitablse RI&fith griodpgmei, naftide winbste the 3 lwvilolylRélcepobskntiendwedsane

substi tut ed ofe Ul iahiubd BROONAL oY JHekcARAGARRI BHESTORY QML L Lo 10

carbons, and pr ons as above erably an al kyl
group. OF the8kxtyre %WWP?PlE?%u%rmari‘ot ésspéé’ipéFPi‘fetirPﬁﬁtWI silyl

gr Olupil are pfefefditidn |31@1Addat gm@é ﬂcamﬁ e<oaf ezcampabL e Hubsin tthent s

i ncl ude ami no_grou phas r n roups.
The proportioh %6 H" dgr lc%l 51’85;}%6 th&f o o@é‘gsugvfg‘l tugﬁ is ?tst%

pref er abl 3o atr¢@<ats,1tonl@nimme ni;tei@rmfeﬁmﬁﬁ'@td loaids pf580kwtHon il nost

g; if teL gble%dat %@@ﬁ{g U raqbehoht oﬁ%tzﬁefvmﬁme l@&%c&@iﬁ?@iﬂﬁyb&iéﬁﬁl ally
U SuUpsS S |
ratio of essg#ﬂ ‘glt}}SP f@@cﬁgf’ X?t% fﬂﬂr g%(éjcgﬁp%?er e are

cases i n whi chs t$epaisiied pEéf usheg p@lg'lmss tﬂilchessolfv'e Bhempbﬂr cdmeucti ve

sal t decreasexﬁo&‘fﬁb@é%l%‘in?idéﬂéwmf@r&i@’bo&so'ﬁu&ﬁ?i@ﬁ'§§U| ar chains of
the polyner are c '-{-)ng wi .t h hal ogen at ons

phosphor U coftS§ o dfp¥atef | Rewbralization, gﬁ’&‘érapﬁﬁ?%eol e
anount ~of subthrdm&mtamwiloheexahangmmsiraauolﬂnaltyisessolm|mgriaﬁ;ueld| ty of

t he pol yner. ATy I 0 50 to
95 nol d, and ilrr}gé')sCt‘i’u re%&ggﬁyﬁigggéa%ﬁ/?r%'l aé,ﬁblg%ed@(lt)igh Egbtﬁ% g‘?&%%e%/ of
end so groupsPRHYHIMY 1216°8088s) . The substituent used in the practice of
the invention is nogt theetrenabigna yamadled matdvabentve by dtloe godilonrigryaup.
II'lustratjye gxasm d e apobgnz and
substi tueints ﬁgw ngfcsadéi;gtll’l%r gﬁﬁgﬁ%n%%o%&%g%g?%e%ggﬁg%‘ grgﬁps&ydl'he use
of a cyanat ed"#®hdRES dllogﬁr bon group such as cyanoethyl in

conbi nation w t h a 'nﬂd%&olygkgapkglmte asoripdunel yplvingyk hgdhogyH yeactive
advant ageous. arp#p a d Y
proportions of %E%'%ngt?%% thgoeﬁ&olégg deémaoﬁléa é’%&ggﬁaﬁ?g @%%éQ nol d,
of the cyanat%ﬂ“%ﬁtﬂ/éiferﬂenﬁ?&loﬁ‘aF'BWg Plups, and preferably 30 to 3 nold,
and especzsmally 10 to 3 nold, of the RL13Slgroups, based on all the hydroxyl
end groups on the ﬁﬁg ar schains. Pol yner derivatives |2r} whi ch cyanat ed
25 nonoval ent hydroca on" groups and Rl 3Si- groups have been i ncor por at ed
together in this way possess excellent electrical conductivity and

hydr ophobi ¢ propertire€orvulayappet tiyé DeOLHs mrm;im@eﬁducadm:sw&ment

substiiNent. LHECRI, B GAPRLEDL DB FOM s okl 30
conpound ¥hy Ebmt%%tirﬁ%%gmpﬁe%wam e?ﬁoqsfﬁaia’ﬁebea*pung  pEPYFY ny |

al cohol uni t - gpotpe nldw:uaﬂymer g_e.oﬁpapoe@@bwﬁmdla@s_anehaadia@rgf&mgriIe
addi ng a sodi ur’q:hlyl_drom e sol.ution F&P ¥nxt F 8ot and shiLLipg Lo, effect
B-e yrat et bty

35 the reacti® h?]'SO%P i c?ﬁﬂ’&%fh er| vst Ot H i ch
cyanoet hyl gr bnmlmmmdomiqrnpe@daébac@ml@ﬁ%@m meaa:i:ivef sphatiturnhai ns.

-19 and other monovalent substituents capable of reacting with
35 hydroxyl groups. Of these, isocyanate groups, epoxy groups,
and carboxylic acid chloride groups are preferred for their
reactivity.
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4 July 2002 In cases where acetyl groups are introduced as the substituent,
this may be carried out by, for exanple, m xing the oxyal kyl ene
chai n- beari ng pol yvi nyl al cohol wunitcontaining polyneric canpaunpd209z h
acetic acid and nethylene 5 chloride, adding an aqueous perchlorate
solution and aceti anh ide.to the m xtur en_react

t enper at ure under F%ﬁéox¥ﬁé r%ﬁﬁﬂq(ﬁ?Xﬂéifﬁrg € anSBh %dﬁgﬁ¥¥vgghded to
cold water, fktéfnﬁnqﬁ\dﬂhew gheupseargﬂmsnhyhIeateseanﬁestnm& estegol | ect ed.

The preci p|t di i L8 RO ininto
water. The r ?ﬁf%ﬁn rﬁnigingggs |6s]f ?I&eﬁlt ral Fzég %Eggddl n so%&%t%g%r ogen
¥‘6‘I"F186t gﬂ J%/}htqron

car bonat e, an%‘ﬂ?fn‘élfﬁ%eéﬂispllpgtléd?h%‘ﬂb?fﬂwqté rping} |§
pl aced toget hetomiddoupai.er in dialysis tubing and dialyzed wth

i on- exchanged wat er, Teresultln reC| itate i |l ected, 15 rlnsed with
water, then dried i r?e % d5°x§| ?‘l'%t an a% Ofuﬁ a?@gﬁp%gy?‘r%rls edrsfava ive.
_Cyanobenzoyl GrOUP PN ePOKNL gnqumednaaxs hehdondiedt fineatlpyta thet hod which
invol ves, foroexang) fenéﬂgeeoﬁg Rhe &Xﬂ&%)ﬁbﬁnef«%‘aéihnﬁﬁ%“ g pol yvinyl

al cohol uni teﬁ"(‘) inin yneric co]gﬁloun with hoxane addi ng

byri di ne, S T GawBen AEGB) AT LR eangBEROBYT SR de i n

di oxane. Ilbhe carhonydoxys grieap , r phttegenmtus grionpn (eegperBiur Y (G,Der whi ch
the reaction m@fﬂugﬁ) | 3r wrsﬁowwp%e%@wew' /%ff Hrd eé@r@%ymn The

precipitate that® 2 ettl ed out solution 1s t hen di ssolved in
N, Ndi net hyl sud¥I%® de¢ BomdedwitAgt %I R 3 Hey 1oy Gronp; B %I%é’&gpnaﬂl al ysis

t ubi ng aﬂd dld B y@etbn I greapl suoy @semmmqu@mes adbkérgleéde or reagdenet h
wat er, then j i I ypng n oly. ive.
30 The |ntrod# onﬂhqu}%lrvllqrrétgh%s &¥§ 8%?1%& %Felgg%l rlieﬁ? q‘%lb\é%ts

di ssol vi n¥ t he oxyél’#@}'lpéﬁé @ﬁaPﬂlﬂ@éYfFﬂ@”;ﬁﬂey@FﬁyPSa\’%wg Uiftis &Y@Pal ni ng
pol ymeric conppushdii tticiit Ry kRaetAay dse Wkl B@e the products obtained

bi s(trinmethylgsil t am de,t | ution nd,s r

t enperature tl?){’e)f(% qlpﬁtqa? ggirsgg¥$| 01?]8 "l' oruéléi%t ggn“r'ngx (ghé en cool ed
in an i cewat eSTYPR PN FnPoFyerFaLkNiene TAUP -nel perInake erOCJJP PFa§éP9t| on.
The preci pi taé&nﬁé\ﬁid§ﬁiﬁa|teﬁxa9ubel ﬁs@@li:eqnﬂ@ R¥se2@nclddd Ubompiihds

fiieract o, thene e SOlysd W -aceham Searathdie LESVLL g SOl | Qs

passed thr oug he"$ en dri e vacuo, i el di ng
a trinmethylsi aylmlaalw ﬁ#éusogyam‘a@r vvéylssle@@p@iﬁgowmam herranmlual@me

SU?Stldt Uentstdfﬁi/sdéikﬂvab tt%te h&pﬁéhﬂxﬁ@tl@%ﬁe Usil i@ dyaawtet eiph ri‘eﬂ]

i nt roduci ng se substitu ro roup e ot her

enbodi ment -  TIREHANe GApBPRYE cREieh s ARG S p o EOY BUAS ol Conol

unit - contain|¢¢#§nﬂ$ﬂn§tec b@xomﬁpbnhdn©rd#kﬂqnﬂanaderﬁnétlﬁﬂph¢n9nﬁﬁ in

whi ch song; ordﬁﬂéo@}aﬂdt% hYﬁBEX&aﬁI@Jp%S@ncbﬁebgﬂh@d‘éﬂ@f heonipoapes capped
(pol yner el ectral yte- for @ Xng % and ﬁﬁ}l an een o alned as

descri bed aboV %9§ %P PERRENt PP et Wit HOBAPE Egﬁﬁ c??thy by the
addition thereto of an |on 15 conductlve salt (conponent H). The

i on- conductive sal serX#Bgm qﬁnponent B is not subject to any particul ar
limtation so Ion@ as 1 I be 'used in conventional electrochem cal
devices. Illustrative exapples i nclude LiCl104 , LiBF4 , LiAsF6 , LiPFs ,

Li SbF6 , Li CF3S03 , 2 o LI CF3C00 , NaCl04 , NaBF4 , NaSCN , KBF4 ,

Cl04 ) 2, My ( BF4) S ANBF4 ( ( CZHS ) 4NBF4 , ( C4H9 ) 4NC104
, LiN ( CF3S02 ) 0gNa eN0® Et is ethyl). Any one or

conbi nati ons of two o Se may be used. The anount of the

i on-conductive salt incorpporated as 25 conponent B varies enpirically
according to a nunber of factors, including the type of ion-conductive salt
used, the nol ecul ar Rt of the-polyner electrolyte-formng polyner, and
the type of cappigp g @ ganeratpeort he_agopunt of ion-conductive
salt included per 100 ' ghi |pf 30 tHe polyner electrolyte-forming
polynmer is preferably to 1,000 part< by weight, nore preferably 10 to 500
parts by weight, even nore preferably 10 to 100 parts by wei ght, and nost
preferably 10 to 50 parts by weight. Too little ionconductive salt results
in a weak concentration of the ion
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35 conductor, meking the electrical conductivity too |ow for practical
purposes. On the other hand, the capacity of the polynmer matrix to dissolve
t he i on-conductive salt is -Z1 4 July 2002 exceeded if toosmucleofalt is
used, resulting in salt deposition. In addition to above components (A) and

(B). the ion- condugy ¥oPoLYHEIa cliP6! 58! 4h CoEAMANIoB:8Lpt b2 5 Louent on

may include al so an ordinar anount of a so di ssolving the

i on- conduct i VRAERANS , SEFF‘%‘B%P% ek plds igrelyden- §Biq}‘§9ts T FHCHSEHLnai n
et?ﬁris Zuclh ascr@chvtu{ )oet, her:H ,CH (&H]cAPidi08nat hlengm dyigmg@hoxmt h@xyetﬂalne
met hyl dig yrre rre tr| ra 0 et hy
di gl yne, but e&fyr%ltsaﬁ P%%Gfreh%érfosle(g o ¥Hee?ﬂ?ﬁ%rhlyﬁn§g§ryr”§p et hyl
carbitol, 5but'§'hait:eirleo@dldeé Bilthe nemblert Qf)adMGﬁQﬂ(gﬂcl(lﬂt) é@shers such as
tetrahydrofurqufe?rarﬁq&hxkbﬁtiabadiéﬁ Urgy mbs% grexelrabty 3¥bm 1 to 50.

4, 4- di net hyl 3-di oxane: butyrol actones such as i 5 butyrol actone,
y-val erol act one, 8H¢&Per bhacPohoxvaliatlene; cBadRa %P?‘%ﬁ‘?’f‘ 24hky Lha
3-ethyl -1, 3- cxeoaad ifdiriu2 a0NR?0 )Jndls Siad e Ndrse feaamiyl ¥ pokve ty Mrec tglgeidn cal

devi ces, ch water, I t t han

bu;“anols Z?hy‘f%?le gI y Iﬁb%gggi?é‘%e JéF(]’;OCS'LoIcs‘la‘laé'l et ﬁrTF ﬁg{%%theﬁlem% %%ige

but anedi ol0 antEQ) ALM{Y@EPPYS@ﬂ?o&&%@&y@ og@p}mngr(@hagl EBPyE@h?lll‘éne

o;ﬂ fle pol ypr@Mt E@ﬁﬁn%&'e@ﬁla@%é’%@tcm’|W¥>ﬂﬂ9@¥&&1ﬂ6yigéﬁ@(ﬂha&hd kXt ur es
(0] WO Or nore

N, N- di net hyl f%]l:ehg ag’gy) bl ﬂS?a 12‘?03’6 angd RS ﬁgﬁngrro Fﬁ%ﬁh) ths

car bonat e sol wekahy (ayergge Inpbemlazcafim e"anaerref h%‘PO ck@ borfd0e at

et hyl met hyl o s atrR prali Hik?!ﬂ@n&aéﬁ@i‘rﬁti% 19Gaykeae se6REgaratiuyreene
car bonat e and i m_da oI rT&ne S Iven

1, 3-di metWy! - 2i mi d&o ? over §’§ u&'SI ézﬁnf?s‘f%‘i?e"ﬁ’%sai’s?ﬂﬁ&“%r as 30
m xtures of tewd orf ribvee chhdéneofThisTheppesynbs @l kydragen @toonpsasiti on of

the inventionsyadd 8%t BRPEALANSEL AltdP MINERENHRL HY&réddDor 2Bup hi ghly
vi scous nol asses-like liquid to a rubbery ,solid. The t})fq:hgp h he average
i

degree of polJHEMS |t<9n Ot fBTHORR T B Rqﬁ%nﬂ%‘é" Ay A Beit, a
soft, paste- | siestsidlute)d ba'vungubstmmifédjmuhrtoyvaatamtohyrdreq:mehcm lgroup- 22 4

Jul'y 2002, Thehéﬂhgcqn%ctlbvga,?ggﬁs; n the ion-conductive poI ynmer electrolyte
conposi tion of the invention has been confi.rme e compl etely

di ssoci at ed wi t hi n HH&SFERTHER eXuwles /F dber F&EFFBF“E%& t¥rninFIG 2).
I n addition, thsubssithittedomoboeakent i lnydramihont grotps neasinerieritos 10y t he

AC i npedance &eGhl Auga3ng Aty BBL uded PO Idag,p%atabﬂwg AROae) d1Ry3S

parts by weight of 1on-conduct]ve sal arts b¥ g%; of the
pol ymer ~ el ect PEPSRS-F6tneRgmpbPyhere a%%lcoﬁﬁ%? Ryt t¥dhout 10-
to 10' 4 Sxm iscbutyd pdaeyebutyt onpentyil ( hievpentyesi hexphd ¢mﬂcﬂm¢lydt,i ve
pol yrer el ect&(r){ te oSl §8c j_ tgl_@,F OEuQﬁVSS 1@%&1 StYARY! th of
preferably at 1>last rgog k%yl ? era easta% and nost
preferably ata’l‘%a’ﬁlﬂﬂwwlagrﬂ‘éﬁ%ﬁ%}‘ é’@c@’re&lzﬁéj tBh‘P‘Pn%lep@“éJl @&PFe bond
15 strength tplsényipogald bokeaghegrowss saicH ast ringl) | &11KEB5 RO,
isopropenyl, butenyl, hexenyl, cyclohexenyl and octenyl; and
30 substituted groups in which some or all of the hydrogen
atoms on the above groups have been substituted with halogen
atoms such as fluorine, bromine or chloride, cyano, hydroxyl,
H(OR?),- (wherein R?* is an alkylene having 2 to 4 carbons,
and z is an integer from 1 to 100), amino, aminoalkyl or
35 phosphono. Specific examples of such substituted groups
include cyanoethyl, cyanobenzyl, substituted groups in which
cyano is bonded to other alkyl groups, chloromethyl,
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Thus, the polymer electrolyte conposition of the invention remains

anor phous w thout crystallizing, even when an ion-conductive salt is added
thereto in high 20 concentration. Mreover, because it hasaghigh2002

pol yoxyal kyl ene fraction metallic ions are able to nove uni npeded through

t he nol ecul e. ur.e her ond en make

t he |nvent|vehgonp§ $§oh 5§?¥ (%ﬁi; %“dﬁkF?fééﬁ?%Rfﬁgfi usgﬁ%é rggé%l

pol ymer 25 elusetr gllyne endas @Hm:lmatpohynef two fox manepdhegiels . arlthe eI at ed
appl i cati ons mo?iB%a&‘éﬁt Oﬁy@rc&%ﬁ&iﬁ?{ 'gE:oﬁB”EQUBPeP@:e'ABh% BeOWaFIRGAGEoHCYr €€

of polynerizatigon in pol ynmer el’ectrol yte conposi‘tion of thé invention
gives a |iquit® BoP?ﬁEPn%o el ectrol yte, whereas the use of a polyneric
conpound havi ng a sli@strenive/ dxagiplescofgh‘aiegpeeupt phaymeay s isedyi ves
a solid pol yner e J e e lgctrolyte has a
hi gh tacki nesgg t ée%gg@%%?lé}yqé%éggg ?ROLQ jfrp%yl@{ éﬁtr%léte is a
rubbery 35 s@NPét&ﬁPéﬁdr@ﬁd¢ﬂ%ﬂhﬁi&éﬂ§@é§mBP@E@lQﬁEkﬁXﬁﬁﬁﬂﬁn@ﬁn BEOHBf or ns

iaﬁl : y ggggr ps:ufe&@ﬁanélx&a;sudééu& e ﬁﬁ’élﬁc?]é faakyad ornbBedyli §rowps sheet . - 23
uly 1 he eco the i nvention co es a ositive
ol eot] ode, ~a"Begh NOE BF LA Artad vl coRFanfo| St SR oPGREOY By or
conposed 10f tareupsvendi opanareranyludrionpspol yner el ectrol yte conposition

di sposed between 5TBQeré’9<§E£dﬁ/@LnelrrFeCth6@d?2?“S'eﬂh@erf‘qgﬁt 'aYn%v%LQEEéPS?SedThe
positive electrode used herein is preferab 5 a conposite positive_el ectrode

conprisi ng aP9dIvipyd %Jr%%‘?%d@%uﬁoeﬁtaieav eRe-bym SPTRPIR R8s FReve
el ectrode domboverylesedibéd gpalyduyad kgflehbecompaumid eavdingdar hydsoryand a 1o

posi tive el eGlhadevackhier BN dlr thie EAathad PELALANE o 18 $bI d

pol ymer electrolyte ayer conp ose e ionconductive polynmer electrolyte
conposi t it&n SRMEhBaPRGENRF oW“t Faactips: GRERLeAertothidd B8 [EIrErFe
el ectrode ancompeundagahiwetisdd@ctir)ade conposed of lithiumfoil or the

conposite 15 negat ![}{teﬁﬁéelcéé%n‘)btt e “fﬁglgi‘ %9@:{6 ":ﬂeﬁve%‘ig%bv ofﬁfﬁ pde

current collector w a negati ve e ectro contalnln ve tive
bi nder resi nads8b81napat Fhe Ié‘PJét‘PﬁfY@dé‘Y&éPFv’éom‘?‘é?q é}a‘iwga&aniEPEY The
positive el edleaettvackuvetMbbeaii alt itheseh@ciedphsfelmtapprapm ake tor the

el ectrodg,appl.igat 58? mBQ? YOE, l?agfg_gﬁlylapdtgtpelro consi derations. For
€

i nstance, exanpl és of positive e acfive materials that are suitable
for use as the posF‘va%t’é‘F‘é*é‘%%dE itheaPpLyReThs searandy ofelthei ncl ude group

| netal conpawrdntsvahiAswlih G)kyAeRe - co&hba Pl Grdupe/ hageobgehV net al

conmpounds su VZGS,
V6013, VoX, %}%@dﬁ %50‘?‘[’%0‘?%%3’91 L %Ri’/}/ thek con’pou%% 13480 89 o 03,
Cr 203, MO03, R\wscamss@w @Pé’uwaplﬁet‘d}e%&W@ﬁ&?fY?E@RYth%OZ and
Mhz04; greeup p\éllwlﬁynahle@nwpma&wh ngrEea{-)ﬁng I-‘;ﬁﬂy-\amﬁea%ohblnzm Ni O

and Co0c: andusGANgiGhixe, pol v ygﬁ%(i BhouRdinaRUBess BOLYRN BeBeurea

polyanlllne ¥ ace ylene an
conpounds cap’él#‘@ 8f Vagsan bY. N’@I §Q§Pﬁ§°m9'€¢ﬁurwifdh§)z@n@5 c’éhl%ogen

conpounds CcoR¥oaivienky,| théi siped i &ictmaebepaale.d B6r LI RS pevksekegt r ode
active nater%%%yh@ok&%@&ﬂy 'é%h&%%“%% gi %a%ghgsfrom the‘%IhgfﬁoaOO%s
30 shown in FIG. 1.

The extent to which the oxyalkylene chain-bearing
polyvinyl alcohol unit-containing polymeric compound of the
invention contains oxyalkylene groups can be determined in
this case using various analytical techniques such as NMR or

35 elemental analysis, although a method of determination based
on the weight of the polymer charged as a reactant and the

increase 1n welght of the polymer formed by the reaction is
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Exanpl es of the cal cogen conpounds capabl e of adsorbing and rel easing
lithiumions include FeS2, Ti Sz, MxS2, VZOS , V6013 , and MhQZ . Exanpl es
of the cal cogen conpounds containing lithium5 ions include kiGpQno2Li Mh02,
Li Mh204, Li Mb204, LiV308, LiN Oz, and LixNiy,M _YOZ(wherein M stands for
sel ected frC"EfabléwandTbonQEniéﬁtAaF%Q eRAmpP8d e P ma¥y Bel- 10, and

0.5~y S 1.0 On use, p03|t|veeectrode active material _is io

conpounded V\AQGPF%W‘%H@Q EBnEEE??%lléd?QQfl‘&d-lnﬁnﬁptBI thervedat of ihfder and a

colndgctl ?/e aQﬁfIy\iinyflloh[[bahégmﬁhﬁ)ﬁb tlcﬁarmdﬂn\gepﬁﬂ?ﬁléfﬂdecorﬂﬂftﬂm?mmmbl th ive
solid pol yner egtro n i r us r re Yy the

i on-conducti vleetsol%th(? 5% ?ne'?% te}bef )ﬂe gg‘ﬁd t S 8 n?h aplrnesent 15
i nvention,s relsﬁm;clmg\/@b}YVSuvla@l@oleodamsilé:scohtlaheingnn%m%ifagmﬁmqw@l ude

acetyl ene bl agi¢ A2 rBRALHET AP fon T%e%oﬁ%%bt ehﬂgsaiff/@r&{@ecttroode may
be formed to a thin filmof uniformthickness suitable filmformng

t echni que suc‘ﬁa]é%ﬂta(’flel éPeCSH?T‘Hth W W’ﬁ’ﬁ%&@@a?ﬁgiﬁlﬁl Hyat hpve

coati ng, doctixtrddmdedcoatonthe Spolecdat i(ngferrbdr toohttetnafitesr raagathieve
el ectrode act.n i appropriate for the electrode
application, e ?ggag?ggéfg&ﬁkﬁer consi derations. For instance,
exanpl es ¥ 25 mat gé;apge%'ﬂa? kAR Fubsiidutden s¥S hsseRehdipre W8 an

el ectrode in indivatdrsegonHar yufieet SoRnblldst dIfUBkyaNk$EENd dproumee tisat

| nol ude al kAo ehale (BLkauLogh! GYes GAIAN IBLer el S A0 diesae

materials mentiohed aboverrn regards to e active
mat eri al . 3o Yndtyst fatthe mm}ﬂré§ @pmﬁpléaﬂl Oﬁeﬂéﬁ% sioveittd@® .| ithgi um sodi um

and pot assi Unavdzeje@lasf sabgaitumsralm@ﬂ ®¥S aitNnebHde OF3 aléﬂd: ilg t hi um

Li - Al, Li b
rr:at eri aII %cl?ﬁ%ﬁe@ﬂé’% Fg gggg}é &lafb‘n arg?cl%re (?Ifgbl%l gg ;e%%ﬁ’ b%‘gfa@gbgz
fibers, and sncrﬁiemf@@npém sttt heasofl.0.25No pagtiquixg0aphexr Adpati ¢e

el ect rode act e, dmt & %henayepsgy%ﬁahéﬂ %stalthh@ugh Lifndiegh a5 v@lue
conposite ne atl ve el e i.‘r ode pr epar eéi e _addjtion of an 1on- ﬁonductl ve
yhen SFaeshd

solid pol yner %H&thea bt RoRTe uCPP vECR Nt ETR N B PRe is 5
general |y preswrsEdutibs mam ceﬂdlrbtirvdzrseolmmbpdllyweofetb@titm-yte and

bi nder reg n &sfidtanel Qaﬁ.‘EetBr@I@é@ﬂ}é’ tlhﬁvéro'loﬁoﬂg‘d@iit’ﬁ S I:siww}l ymer
el ectrolyte n{;d bi nder re |n of thetglr& F. Fve tipn, respect
C

Sui t abl e exanp?EE &r‘mfiﬁ& Hﬁﬁﬁct iQPe : GEREAARG é@k and
natural io graydwage mplercenpetitetihwydiavomdeleecersdénnbyve faklmrdao a

thin filmof wifPrdpy l%hsehzﬂef:scmn Y115 UWHARA ublih el 061 MG i £Lhpigue such
as roller coa w th an aeg icator roll), screen coating, doctor bl ade
S

coating, spint rbeog’tq 15 OBAuGEL Ve sSRbh130. 15Tﬁé“’t§sé’°l’r8ité36? the inventive
bi nder rem n as t h®ependéngi ont hes pzuaaztagee delgreer oflepoleeriogydtiions the
el ectrode, ;{Jﬁyl%ecgﬂﬁﬁ!ﬁlbé{ﬁr%g% &1%8}1}] r aq_lc%ﬁBiohMi€—éé}Y1?e[idMHg(:h

t oget her constl ute the secondar € inventio
polymeric compound o the inventlon varies 1n appearance at

room temperature (20°C) from a highly viscous molasses-like
liquid to a rubbery solld. The higher the average degree of
30 polymerization, the more it qualifies as a solld (albeit, a
soft, paste-like solid) having a low fluidity at room
temperature.
The polymeric compound of the invention, regardless of
its average degree of polymerization, is not a linear
35 polymer, but rather an amorphous polymer due to the
entanglement of its highly branched molecular chains. As
shown in FIG. 2, this is evident from the absence of any
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20 enabl es the powdery positive and negative el ectrode active materials to
be firmy bound. Moreover, because the binder resin and the solid pol yner
el ectrol yte have the same conposition, interfacial resistancgubgtyeEn the
el ectrodes and the solid electrolyte can be reduced. As a result 25 t here
can be obt ai I e [ o
l'ithium seco garl{/é ce Ittégaﬁgg% gﬁéﬁ%}f%}sgg@n af§l§§|§9€€é stand‘ ng
per f or mance wladestedhegr prasangh ¢bHrenyt@dductivity and st rong bond| ng

bet wveen the el ectrqggs ois}élkiafeﬁ@léﬂhﬁi %ta&%)gt ﬁolﬁ?ﬂf@ didry Rhagxanpl es
and conparative exanpl es rovi ded to Il ’&iterate e invention, and are

not intended TP 43RG 98%3’88 iCt fRpRQynd of eZBVEBRIOR SN R&yui pped wi t h
a stirring elmr@&reﬂasasclaacgp_dem mwmm&M&amngbogMenfdmwm byl cohol
(aver age degr | z 0, 002
fraction, 298\'8&;51&1#%0){%??% Eh Slf acetongggﬁggaoﬁgﬁesé}%o uc%{}lc%n of
1.81 parts byl ng’ntbeéﬂgsb'a?uﬁ‘l“ﬂ o%%éfq“h'ﬂzllggpaﬂiywlv@‘wﬁs okt er
was gr adgal I Ytlﬁd(iﬁd.ybbﬁ.ﬁ:?ll a%bbhbnlgmﬂﬂad ild rﬂruengywﬁsxypg%rmdw drorcmene hgur
at room5 te o this_solution S ua r r|o
of 3 hours an@ Ehalttﬁyc}r?ngf 0891:5 P9 b%F%E’ Wﬁtnt%fo §F§7 é%ﬁ Eh elpar e%
wei ght oflcaceamhereferabdyuhti hgast leJrﬂmMas wdttir ped onrm@mm@\mlemc to
effect the reﬁ%éﬁrbuemgnsa&é&%@gfm& asﬁdaﬁﬁmlkglah%wﬂsreamé&rw&d
conpl etion, the flﬁéﬁ) g@em Itated %t ure ?Fé%r ecipitate was
col l ected, di%%s Stt pRavle N PePTARBS R iLZd® with
acetic acid. Thecarhansal Rk@ﬁj- [:miqumr (wasrpmnl Rl d& lay sdbatytuted aowd t he
i hycr oxp S°'*“%‘?“e’sdﬂ%poffe‘i?ﬁ§?°§%%%ﬂ“ dﬁ:’e‘%%i’éﬁ@rgﬁbtéfb’ét‘“ﬁ;?‘i e
u
mol ecul ar %%‘fl?.ﬂ‘? s'hc%\ﬁibef-’a'ﬁ/ups ? Bpeling) ag %%fo—&"gé 4 GMBER 20
Here, DHP repgmfmi S dlkgldmhydr gxgupopaid @mqphwhushchataimtnmcbm:p&s result

of glycidol additigfe g{}gggg%u& U‘Eﬁfﬂﬁ’é hale %dg.gégihdg_?g% cg}glgh&aw ng

either of the two l'ink

--fi H CH20j - GHeeLvey oxmll!mﬂ?ngo@zamrémrﬂﬂi@fg POBEVILRNGL | %0%911 pwit-
cal cul at ed ascémtidining polymbelvetghbornid twicthP¥Aec hbbgedsalvsit i theentss glat  of

the produgf opfainad.

(1) In a polymer containing a high concentration of ion-

conductive salt, dissociated cations and counter ions
(anlons) will readily recombine in a low-dielectric-constant
polymer matrlx, lowering the conductivity. Because ralsing

25 the polarity of the polymer matrix discourages ion
assoclation, one aim is to lncrease the dielectric constant
of the matrix polymer by introducing polar groups at the
hydroxyl groups of the oxyalkylene chain-bearing polyvinyl
alcohol unit-containing polymeric compound.

30 (2) The second aim is to impart the polymer electrolyte-
forming polymer with highly desirable characteristics, such
as hydrophobic properties and fire retardance.

To increase the dielectric constant of the polymeric
compound according to the first of these aims, the

35 oxyalkylene chain-bearing polyvinyl alcohol unit-containing
polymeric compound is reacted with a hydroxy-reactive
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(unit nol ecul ar weight of PVA)/(unit nol ecul ar wei ght of PVA 5 derivative
obt ai ned by addition of n units of glycidol) - 44/(44 + 74n) - 10 (wei ght
of charged PVA)/22.50 (weight of product) Thus, n - 0.74 i 6 They &0@rage
nol ar substitution (MS) cal cuI ated fromthe yield is thus 0.74. FIG 1

shows the 13 e SB.F‘?ct S d an VXR- 300
NVR spect ron%%&wat %B as t%% SO lr{é}nHtP) g%? Hﬁ& gi’éﬁ%cc%% \@gé The aver age
mol ar  subst i tRediyerdet @Pﬁpﬂéﬂdf‘ﬂ-ﬁﬁ thHleghdy @aﬂasnssbghhtu%ﬁ%nm ty (A of
the - C*HZ- C(OH) H !A'l*th%uéﬁoﬁ'hé h@ié}m&ﬁ%ﬁﬂ%@ B\(Asaneiuéxh@s siggmleormtansi ty (O

of the other carbons was ion, the of .unreact ed
ODe OO TR Er R el P HRIEE b i PRGISPUNAR MRS e (A and
(O was 0557.neivoaldisnpbyituenthesaiiovas fsmbstiapted —od. Wswhatikuted. 43.

Hence, the aygrage qld g@ghpakoeéfﬁaf %;@%’%n‘ § to 185 A\ﬁf] 5 and ke MELE~

A di hydr oxypropyl ate Vi ny g ar ed e sane nethod as
in Exanple 1 gr@%pt(WPEEFJ-QSE & o8 gptipede e)ofar@ }’EP&SFW&% tRed. The
yield was 33. ﬂfh:pﬁrsmSln;ltwenght aTd niebe sauey ageapmimy naybalsbubeon (MS) by

i hydr oxypr opyl Wl 5l 90UGEHL 0L 1A PALRKLBKL AL CONAlon 23 cRligY! 2t o

fromthe yiel erm ned spectrum was 1. 49.
The rati doa: mmsoa@doalkyssmam Qrewpes.3. 73. -ZS 4 July 2002 EXAMPLE 3 A

reaction vessel eqqmepgecwha%@rﬁégé rdmg:alypad? maﬁtf&eécgeaiadw hwh@cparts by
wei ght of pol aver | zati o 500;_ vi nyI

al cohol 5 fr Vlt&zlc°§‘§§6 Bﬁﬂ ‘i%lbmb‘ge de"gﬂf eﬁh ?re’f?‘ﬁﬁ r}{ﬂ“ﬁ?x.‘ta

aqueous sol uthen mlyme81cpaomgomdv\mghtbeofacbddvam by dtlox i uke iaf 2f5>rpar t s
by ;Nel ghéI ]g)f é’i@ér&flﬁwaﬁagbagﬁaéjcé{médCiﬂdsi'-n(iﬁrou'iis't gw r\ﬂa:ll.r%{'%sgﬁ'eEEE_th vas .
conti nued for__one hour oomte 0 is solution radual |y
To added BveraBPYs 5 EBPBRRTHF SO0 LTI $ZGPPET Epar TR TP MR
glycidol in mm tom lthewpp@imenic deomgduridsul f oxi de. The resulting m xture
was stirred for 8 houppiak 59%5906%& e&@on{éq%h%%aﬁﬁkoﬂe Edd QW g el eaction

conpletion, a uniformsolution was_ obtained and so . this was 15 diluted with

water and nel¥YRsbitMen Pﬁrﬁcé{‘ﬂ:“%‘%lﬁluoﬁfé‘eneﬁFPQFP?eﬂngo‘FMqr&ﬁ‘ewas
purified by dgxdmgdies, ofndthehsubssititerl colunisubstivbistéd caaewirliead, gl Vi ng

30. 01 parfes By, dielciodf g éoqbgyﬂipga(o;f;% Ao R BbiY} Niha Hlap 1 Onto ‘he

average nol ar _‘substitution ropyl units. 2o 1ntr
pol yvi nyl al cghd ca§§°e§|:cahaiﬂeraa¥ r"Ei‘T’n'{s’rf"éi Aselthe fEstigeentrylnciy
substi tuti on {Hhéd)satet asnithedefl ment 1 dwedNMdB@ReCt Suht atsls h:&&pl’éheofathe a:b

was 0.58: 0. 4 ﬁnB_dLe\é vy t%uc?e?’ LI e@éﬁﬁ%@hg 61%9@&5&)@’&%@&"“ ed pol yvi nyl

al cohol was prepare samne as"In | e 3, except that 53
parts by Weight of E¥@@ByrEnetfofnlEakis Risthr |9='F§tu@§diBF BAS ctRie Hhe yiel d
was 24. 6®sparwisidly Rierghtesanihs tthe aameagabsbitmtS&d cuhgisubstiantbg t he

hydroxyprOpy'm&{HJaﬁ.én’F h%&!ﬁ@grﬂﬁgog:}s PG XMl y'l %CQ{S‘OJ:a Bonsaldmy at ed

fromthe yield, r Sstitutl ncana be cal cu ated as
fol | ows. (unll?r*?ﬁﬂr@ch}lyall i ShFa’e')WWAFﬁ @havie -m8Pdc Braf e Tl Hhtar iy,
derivative obdroured Oy ahesé) otrid1kylsiilyd gkoppepyamhespecially

trimethylsilyl groups, are preferred.

30 Additional examples of suitable substituents include amino
groups, alkylamlino groups and phosphorus-containing groups.

The proportion of end groups capped with the above

substituents is preferably at least 10 mol%, more preferably
at least 50 mol%, and most preferably at least 90 mol%. It

35 is even posslible to cap substantially all the end groups
with the above substituents, representing a capping ratio of
essentially 100 mol%.

-18-



s5 oxide ) - 44/(44 + 58n) - (weight of charged PVA)/(wei ght of product)
-29 4 July 2002 Thus, 44/(44 + 58n) - 10/24.63; and so n - 1.11. The
structural formula is shovvn bel ow. The M5 5 determ ned from they NMR2
spectrumwas 1.3 and the ratio a:b was 0.61:0.39. Accordingly, L was 3.33.

" (02 1H) o (CRgusih Rl GECESDRLAE 1 G Sobiegeti on

vessel equi pped was charged w

of pol yvinyl ofl dsleopolamer abe @begﬂféé’eofthﬁoﬂyﬁeﬁplz@w’éh’e Eﬁ(ﬁit \ﬂeﬁﬂeaaﬁéohol
fraction, a9%e®n6115@haaﬁ§§r&yymxﬂiﬂg r@ﬁgl @ﬁaﬂl@e xﬁéuéc‘iuaﬁuwa&naobet i on

of 1.81 parts ht of sodiumh oxide in art,s. by WEI ht of water
was gradual | f%@mﬁyﬂﬁﬁe?"‘%t?@? "ng:lli’d PPPPn@tﬁ?ﬁg c'%m%f (?r %ne hour
at room t snpethaispherusecohtsisiigitgmupsas igr aduaécqsmqe(tchnrtamﬁscbya

uei ght of ph o) apobyE! O | s M aRIaRtho Sl iy BRPLOMNERY B

Nagase Chem ca ting mxturewa tirre
at 50C to ef fed{vatdagdr ahélibn. ofnidie RolyPeRy WHLELS Fved L8| PB@\Fﬁﬁa‘PJeiéct i on
conpl etion, tie HOlpMmb1P! OfdPd tﬁadnfamwl Bbetsl ¥ unels Thendmeitpi t at e was

col l ected, diss t eut.r |zed
W th acetic é’cre?er %&Yng E%I l;t)%l \;I/ger?esglawgg Bﬁ? ¥‘@£§[ na};{‘mg; % ;Lé’tsfl %!‘ and the
resul ti ngosolanaums mydrpbﬁkegmum giving 53.72 parts by wei ght of a

phenol (EO) 5-added TB@' yﬁﬁéuiﬂr@u@m 1i9f tﬁEOb:anié@chchme anvealeghat ed
fromthe yield, gmgr % gbf the qﬁ%?% monovagenpehhgiocarbon Org%
cal cul ated as-& 819° efgpably g g¥a Y group.
Illustrative examples 1include cyanoethyl, cyanobenzyl,
cyanobenzoyl, and substituents having cyano groups bonded to
15 other alkyl groups.

The use of a cyanated monovalent hydrocarbon group
such as cyanoethyl in combination with a R',;Si- group such as
trimethylsilyl is highly advantageous. In this case, the
two components are used in relative proportions of

20 preferably 70 to 97 mol%, and especlally 90 to 97 mol%, of
the cyanated monovalent hydrocarbon groups, and preferably
30 to 3 mol%, and especially 10 to 3 mol%, of the R',Si-
groups, based on all the hydroxyl end groups on the
molecular chains. Polymer derivatives in which cyanated

25 monovalent hydrocarbon groups and R'.,Si- groups have been
incorporated together in this way possess excellent
electrical conductivity and hydrophobic properties.

If cyanoethyl groups are introduced as the substituent,
the method for capping the molecular chains of the

30 oxyalkylene chaln-bearing polyvinyl alcohol unit-containing
polymeric compound may comprise mixing the oxyalkylene
chain-bearing polyvinyl alcohol unit-contalning polymeric
compound with dioxane and acrylonitrile, adding a sodium
hydroxide solution to the mixture, and stirring to effect

35 the reaction. This yields a cyanoethylated polymer
derivative 1n which cyanoethyl groups have been introduced
onto some or all of the slde chains.
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Unit nol ecul ar weight of PVA --E- CH2 - CH ~ bH Ml ecul ar wei ght of phenol
(EO)5 - CH2CHCH2( OCH2CH2) 50bH 44 371 5 (unit nol ecul ar wei ght of PVA)/(unit
nol ecul ar wei ght of PVA derivative obtained by addition of 4 Junist 50edf
phenol (EO5) - 44/(44 + 370n) - (weight of charged PVA)/(wei ght of
product) Thus, 44/ (44 & 0 =1 72 t - 5 0.52 x 5
= 2.6 The structura grs%l g}lgfet é,ér laéﬁog%%prﬁggug?gfgdg éo%m ehg’w. The
aver age nol ar sepgktiuant.ofthdy mpE ke hgampiked Dudxbie fart exampleletingd

fromthe NVR gp&ChyHNk: e? claifi-bésFnd ?ol@rvin d1cohb1 bunit OH
0- CH2CHCH2 ( OCH2 = 48: 0 20

. 50 OH (a: b = 0.48: 2 reaction vessel ui pped
W th g Stiry i TR IR0 L NeE d6aoRIPRi Y SR IEaRGhT. SR R tnaaRy
saponi fi e pothloride acdidding aaveqageus cquerrhlaragel gokntianiamd & kiovi nyl
al cohol fractj 5 Wolp Vil di S Eg;qﬁ: n
aqueous sol ut?‘g%y%]fjidée? f%?)gp EL” sgll%geg%é\'/\e%%_of gg&ﬁu%qﬁ%br‘%x%ﬁé&%%\ 1 E{|§\arts
by Wei ght of WRIeF SlETdr@dualtsy ZRAMId nHdXtEERr +F nTPsamrenilyr pddefas
conti nued fortoensoldhwatalr,r @ollbRiIPErwliidie. theo praici psehtti tihatasetgiladual |y

a2 5E1 8 Ao o AL gDl PREL 8o e 0Bl v

resul ti ngltri xther Rerest oncedagaingimberwatar .50The oresylcing mdxtazet iisn.

Fol  owi ng reagéhOFa o8l ¥ @8d1AgUBLE NN IHRIrEdedN ce@boRBtal N@eh aifk so this

was diluted “ﬁéébf%¥é§£e?Q a@eggggglfgqcollected by filtration, placed
together with water in dialysis tubing and dialyzed with
lon-exchanged water. The resulting precipltate is collected,

15 rinsed with water, then dried 1n vacuo, giving an acetylated
polymer derivative.

Cyanobenzoyl groups may be introduced as the
substituent by a method which involves, for example, mixing
the oxyalkylene chain-bearing polyvinyl alcohol unit-

20 containing polymeric compound with dioxane, adding pyridine,
then adding dropwise a solution of cyanobenzoyl chloride in
dioxane. The solutilon is then reacted at a given
temperature, after which the reaction mixture is poured into
a methanol/water (3:4) solution. The precipitate that

25 settles out of solution is collected, then dlssolved in N,N-
dimethylsulfoxide, following which the solution is placed in
dialysls tubing and dialyzed. The resulting precipitate is
collected, rinsed with water, then dried in vacuo, giving a
cyanobenzoylated polymer derivative.

30 The introduction of trimethylsilyl groups may be
carried out by dissolving the oxyalkylene chain-bearing
polyvinyl alcohol unlt-containing polymeric compound in
dimethylacetamide, adding bis(trimethylsilyl)acetamide to
the solutlon, and stirring at room temperature to effect the

35 reaction. The reaction mixture is then cooled in an ice-
water bath, and poured into a cold methanol/water (4:1)
solutlon. The precipitate that settles out is collected by
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5 with acetic acid. The neutralized solution was purified by dialysis, and
the resulting solution was freeze-dried, giving 23.45 parts by weight of a
di hydr oxypropyl ated pol yvi nyl al cohol. The average nol ar subsfuttwticon (MS)
by the di hydroxypropyl units introduced onto the polyvinyl 1o al cohol, as

cal cul'ated f r@E[l‘cPQtYé&'ﬁmeﬂ‘%s%o&veEhfn Mﬁ:&%ﬂd& ”%J rt‘ﬁ@ EQ@u%&peCt rum

was 0.98. The ratio a:b wa ) and L was 1. A reaction vessel
equi pped wi t hS218tieR| 1y Hﬂsa"tfél \F/&é’oéﬁhrﬁéﬁt%tﬂﬁ% pa'imc‘g 591%%t1%f

pol yet hyl ene theyl ddie@hml Jvdcieer ggeldeqses of imihyieiilzakited, p4Qemexi nyl
al cohol fractlg g %‘), and 100 parts by wei ght of dinethylsulfoxide. An
aqueous sol ut| A8t 190 parts by 20 wei ght of sodium hydroxide in 7.3
parts by wei ght of 9epmingvasitir ather| suitalele ubstiduentsngayahtkevise i ng

was continued bEOEaEPEe&‘Od{{t Ehtcfif?;Oﬁhbﬁﬂp’éééﬁx&'{cﬁxesﬁf&h'ﬁlt%%hkﬂ:hﬁg ¥RSse
gradual | y added_over Perl 0 hour s ution of parfs by wei ght

of glycidol ifUBSthEpeRIH IS RFAGREY S BT nBEIMRS Ul f oxi de. The resul ting
m xture was stirredifiothe dihars eabolM@end, elflfeaclmvtelmtirveaokyamkyfeﬂlé ow ng

reaction Co”p'cﬁ"aiﬂnbe Iy %5191 4t B?Eoﬂ@f M@Jébﬁdca?%gnﬁg gﬁl Pee

diluted with water neutr |ze acetic aclid
sol uti on Was ﬁ&F‘PPP’é@ P RQ}SHI%FI gerdvagiye t theyeady | imy whish EPF‘SnOF\/a%ll

frleeze;1 dlri ed, ofi thegnﬁ&r&cﬂargmulpﬁ vai ght md1leculid Hivex Heeapyhpped ]
pol yet hyl ene e _av . ubst ti on t he
di hydroxypropj XX’“‘?S Pt ch 1 %ﬁfgigﬁepo%ﬁ'e néinté"%\}f:gl ng/lségg%l) as
cal cul ated f r@mt§5neﬂea§/|®sprih@§ @beveTh@Omle&m: a)sdsb@ogileﬁuﬁét wiiths

fol ows. -32 :Loﬁiéuwné’@&@ivrty( @#2@112 adEECHHdRdEd-ore afH18n DHP 23 44
- ECH2CH2~CH2~ H-~ 71=31. 24 3 9. 4 72 (unit

mol ecul ar *fei SﬁPdBf’tﬁYﬁ\)ﬁJﬁ% (tcoﬁlé’ft’é'@ﬂ gs)WEI ght of EVA derivative obtained
by addition of n unThe Hin-glonduddliye5salBosely(i3d1 as+ cpmppnentwBi it nof

charged PVA) | cus eb% 85 4P t)icﬁtw%, 1301 f4€55h ot 1%41@;) as 10/ 8gnObeand so
n - 0.8 1o The term ne S The er cent
conversi on of “tf Ac%‘fefn éeSHrlf\ﬁé 'ﬁﬁ?%%tﬁ%\fcfsappﬁ}ﬁ T %Iﬁﬁet he
ratio c:a:b, wkaphleasitcligie) 1510, 18.iBF wabilsind LiPEm tHiSbF,0 bECH,S04,
20 LiCF,COO, NaCl0,, NaBF,, NaSCN, KBF,, Mg(Cl0,),, Mg(BF,),,.
(c,H,) NBF,, (C,H,)NBF,, (CH,)NCl0,, LiN(CF,S0,), and Et,/NPF,
(wherein Et is ethyl). Any one or combinations of two or
more of these may be used.
The amount of the lon-conductive salt incorporated as
25 component B varilies empirically according to a number of
factors, including the type of ion-conductive salt used, the
molecular weight of the polymer electrolyte-forming polymer,
and the type of capplng substituent. In general, the amount
of lon-conductive salt included per 100 parts by weight of
30 the polymer electrolyte-forming polymer is preferably 5 to
1,000 parts by weight, more preferably 10 to 500 parts by
welght, even more preferably 10 to 100 parts by welight, and
most preferably 10 to 50 parts by weight. Too little ion-
conductive salt results in a weak concentration of the ion
35 conductor, making the electrical conductivity too low for
practical purposes. On the other hand, the capacity of the
polymer matrix to dissolve the lon-conductive salt is
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15 Starting polymer PVA unit MS cal cul ated(average degree

of fracti onReagent from yi el dpol yneri zati on) Exanpl e 1PVA

(500) z98gl yci dol 0. 74Exanpl e 2PVA (500) a98gl yci dol 1. 37Exanpkheg3RVA002
(500) x98gl yci dol | . 19Exanpl e 4PVA (500) a98pr opyl ene oxi del. 11Exanpl e 5PVA

(500) Zzgg~Phen | y.c r

6saponi fi ed??g’lt é/egfé olz‘llfﬁ%oyj tngl)éhy gge %t‘%f?oo%%gggn%ﬁg j?%o? 1thyl ene vinyl
71~ gl yci dol @ewk@mﬂ) (400) -33 4 July 2002 EXAMP~~E 8

Cyanoet hyl at i on Tttrrﬁedlaarttisnbyow%&m &Jm @npg! mwamep@r et Exanple 1

wasmedt ht _of _ di d 5 ts_ b ht of
acryl O)r(ll t r:N: e C?'fd“s"%ﬁ‘%ée?"é’g?ﬁf?%el 2 ag’oﬁlﬁoﬁﬁﬁgg{ﬁssgo ftﬁmﬂ)g of C)0 16
part by wei ghintoeﬁnts:m mayhydecdnddeal so larparidimarwe aghtin bf ofved esqlvasnck
stirring was &agdy oCHJtdls%"ol%Qngo‘ct‘ié An - uUE%v%eEHH' NG Tighyke Was

neutralized using the i1on-exchange resin produc y 1o Organo rporation
under the tr afRRTRIRS Afh&uch: EolRer s, inglaidey haiphahhers esueh @& separ at ed

off by filt raﬂil&ﬂtylafdt@feﬁ/)hll(;h admeatidsydnhaiRl, gl1t 20EtR6RVAGENYRS- added to

t he sol ution gﬁg the IQ%LO %Ie wer e flllltere:d g Thet%},];u%tl n acetone
sol ution was ated M Iys?syrr[f%hbra w24 P’mﬁ ang Iyze

runni ng V\Hteretlwﬂe Pamene e tiil cA1glk e piteivdd dliglime . t ded 09ty gt s menbrane
t ubi ng was Coétlﬁ‘é?ﬁﬁcke?‘@d d'e%ﬁ?hVéélléb@Rﬂi omh@qabarbibslrw ing solution

was filtered, t he ace evap rat ff ving a
cyanoet hyl at eﬁeﬂocfss%’re dgglltygt Feﬁbfﬁ%{ g’e\;}%r;?ﬁé'f’ Er Fglé‘f‘ eé'ﬁé% &fied in
vacuo, then ubetrdhydnsfawmas, themethclmmhymwucanw 1y3-dbexoXdmear ed
absorption spe derivati d no_h droxyl group
absor pti on, ‘P% %ﬂeﬁyl 21 ?ﬁ%o 3%}1 R%?es ébpae Wi th
cyanoet hyls gr@tﬂﬁﬁrc(l%%n'ég tata&r&%ok%e) 8- Ea@&écﬁ%&otne 14 _methyl-

Cyanoet hyl ati on: Cyanaqet hyl at ed %mer derivatives were prepared in 3o t he
sane manner a% ?rP’B?é’r?‘ﬁ-Idéns'zb?nEy% et 1A g SrREapel Yt 52 e A
Exanpl es 2 tosdlveltts icvinmendg absar i i alecpechealohlt hevi@ssu tsurcg1 [ yrrer

derivatives spowed %J%%ﬁoé)shvgﬁ%'p(@béor%tﬂﬁnoﬁonghﬁ?ﬁgg byl the
hydr oxyl groups 1 n each case were ca anoet groups (capplng
rati o, 1000 ethyplene glycol, propylene glycol, diethylene glycol, 1,

20 butanediol and glycerol), polyoxyalkylene polyols (e.g.,
polyethylene oxide, polypropylene oxide, polyoxyethylene-
oxypropylene glycol and mixtures of two or more thereof),
amide solvents (e.g., N-methylformamide, 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
imidazolidinone solvents (e.g., 1,3-dimethyl-2-
imidazolidinone). These solvents may be used singly or as

300 mixtures of two or more thereof.

The polymer electrolyte composition of the invention
varies 1n appearance at room temperature (20°C) from a
highly viscous molasses-like liquid to a rubbery solid. The
higher the average degree of polymerization, the more it

35 qualifies as a solid (albeit, a soft, paste-like solid)
having a low fluidity at room temperature.
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4 July 2002 EXAMPLES 15 to 21 Next, the cyanoethyl ated pol yner derivatives
prepared in Exanples 8 to 14 were dissolved together with |ithium
perchlorate in tetrahydrofuran. In each case, the lithium3 perghdaozate and
t he pol yner derivative were charged such that their conbi ned wei ght per

mol e of 1ithium perghl Toﬁt-‘éoi’x"ﬁﬁc@iw-sglftf 1{ esilst Egg_égllrl%l#%?%ﬁe Viﬁ]l?;‘%gi d

under a reduced pressure to eva}e(_)rate 0 I:1he tetrah

gi vi ng t he potlertiradartey gompesition uod pdre Hingieaitd oBohps ehern jgpnfirme
(iog-cohdyctiu@ t&l’;bﬁmﬂd etlea gt Embyb@iﬁ’@éﬂ)ﬁﬁjlﬁrl]ii@lns:heoi)pEyﬂGﬂ ESed xtr@y21l. The
conductivity ond strength o of, t re n Qsi ti.ons re
nmeasur ed by t‘%{ejpﬁ‘?eqcﬂc&@él c‘fl’gs‘ngFBe%nggﬁgW{)l'n gad?ﬁa%%i,or?hgt%rr%&%stu& efature
state of %5 tékeconyedi conduatiivity ustdsuramsedseldy The BCybopedande y was

det erm ned Dyt & M0 sty thde- 8NSbfpds BoridontathiRg #PGLYSI Std filsG 2
shows the x-ray difiraction pattern for the conposition ﬁ(ﬁcor’r]?l ex) prepared
in Exanpl e 15P3Fhh&edonfnef 48RRIt BRdipPET 8l AR dPRT thitm

per chl or at e) .w&ighfhe fc afeopollynas ebéet ey tier fiolrmiageralmhes hees e aligh hel d

at 100C for 5,hours. A% Q)Qeagg{lge%-_sn é’rgﬁﬁ?&“@gy evapor ati on was

measured. The results are presented i ) nductivity: 25 The cured
conposi ti®¥h was pl d&E€d PRAVHEEACt GRIRGHHLr(inders TeebR) a2 a 200 pm gap,
and the condugénaidtiwnpolgineirnenedtbyly¥e idonpdaiteoffeas Ut Reeitveriae

Strength: The bond str h _was, neasured accordi.n t he o] e bond
strength testeh%‘f%n%l}rodl%?%;trgaﬁgrsli ?/espgee’?erfagbﬁryh aitan%%tKQBJséplk%}éﬁ'ecr% ical | Y,
a T-peel testppieraliiayviatglgashi ekdekld/of and meogt areferabby 26 UmsE 2 mm
and a | ength @f4 38/ nTMasameREAPEACECES ARy GRPRBE Bkaletypatndmdl been

surface-treated wt angpaper .as.the adherend. To.carry, 35 0

reasur eneit - BEHHER FRAnARES B ATMEYSR FREnERTEY Fh by Ke8s4
crossheads on(®994kting machine, the cross-head rate was set at 100t0. 2
nm mn, and crosshedfTOEEERb1VAST -Shectrbiley céfBdsEodh ekt i | the

ortion of the test, ece r.enai ni ng, bonded was abo mm The_ neasur enent
osul 15 ver o RS GBS eRERRPTR TR e RP SIS orveing e
peel -t ype borwhen rangtdn-wasddetivei sabt fiomaddesl thewktongnsShpadel [ oad in

accor dancg, Wi &b Jdrt Z8A%L. GRPARAR Y BcatsePiE Bad R0bygt hyl ene
gl ycol -1ithium perchlorate cog_gl ex%él on-conduct.i ve BOl yner el ectrol yte

conposi ti on) YOXY rIEPEd TRPCTHED s ARt Mo d ORS PREERANDI £° M¥PVe& X cept
t hat pol yet hyheimpegied dihroaghnghe meletnleyelhgeenbeatutes, iwiggithesf 2000
( PEG 2000) V"%ifei?eﬂsa%itg*&eb%hyg%{-en%m, GRAY GleY 1 hYe AR SV L 0BGSd S AN of

the resulting conpl ex were neasured 1\:/ t he net hods descri bed above, and 15
the room t enpRIGEIFHAGLY: ¥eldsSULERD| F9F R & @ SPhdd polymer
25 electrolyte and a binder polymer in film-type cells and

related applications.

The use of a polymeric compound having a low average
degree of polymerization in the polymer electrolyte
composition of the invention gives a liquid polymer

30 electrolyte, whereas the use of a polymeric compound
having a sufficiently high average degree of
polymerization gives a solid polymer electrolyte. In both
cases, the polymer electrolyte has a high tacklness. Even
as a solid, because the polymer electrolyte is a rubbery

35 so0lid which readily undergoes plastic deformation, it
deforms easily under stress and can thus be easily formed
into a f£ilm or sheet.
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crystallinity was determ ned by wi de-angle x-ray diffraction analysis. In
addition, the conplex was held at 100C for 5 hours, and the percent weight
| oss by evaporation was neasured. The results are presented guiJawoe 3. 20
COMPARATI VE EXAMPLE 2 A hydroxypropyl cellulose-lithium perchlorate conpl ex

et hod as i Bxanploiys EhECSSEddF URITLE ORL HEcRLERF it skBeaCETE
t he pol ymer. Pﬁ%téﬂﬁdﬁé?PVFf)?ean%l et igter edgekrefet nd ex8akify conpl ex
wer e neasur erdqyfnfehe e@bh@diyd@sﬁy&ed:o%ﬁ@é@d apdthé e fwat Hvimenat ure

state was visu . The crystallinit det m ne w de- angl e
x-ray di ffra&qntglr’?% V&nRP gﬁng FHe AR 1Y t6h O ﬁgsé ‘gﬂe% t¥eeRyoc
for 5 houss, Hnadptolsetpeecemect\;em@mtamb%ebynegaapmeaelmrtlwahe nmeasured. The

results are presenigd BBSI@ﬂg t];fﬂ[ (f;_.(};déo\gg éTEXEewLIFre%eﬁ%Bﬁl of

cyanoet hyl at ed hydr oxy e-lithium perchlorate co
(i on- conduct |QF§‘P§’6’I192#BP°§FL Y?O‘FJy‘?‘étﬁftﬂ@p(S’é’F‘PFéﬁ}ng\/aé PREHa R edfcctﬁ@%arre

Lreg hod as i nldimrml | ItlecoaﬁectérJud)a!té@Gatlﬁ,a @b@&ﬂivéh@]‘.emtduﬂeat eg Cond
ydroxypropyl  cel |l ul.ose was.u ase the T. ctivi nd bon
strength of tHeH r°§’§l‘}| f’?‘ng ?:‘lX% 9‘?’( we tgl rreasure(]:ivg Q?’ﬁ&grdllt‘]%mdls g%s%rl bed
above, ard 5 quﬁétrliYGmetléﬁﬁéﬂéPuil‘ét%\t%t“@t\ﬁé‘si-a\ll suTat |35 adses prgferpble

crystal i ni tyeopas @@tlgarrpagglmbf é\l@lﬁcﬁng)t% aagar dbﬁ\i)é@@dlm afwllm s. In
addition, the c% was . hel d ':]ﬁfecir £$ t’i:}be perce 1 wei ght
| oss by evapFRIETINgs PREXEET cBle yetseulctog'pgﬁé f)?%s%%t EEs. Tt o
BondRoon}Vé|ghtlie between the composite positive electrode and the

| ossConducti \ﬁég\é%%%ng&a@wéaél éérﬁﬁayé@raferﬁttﬁ&amyféif 4 kil dNctindoR@ apor at
| onExarrpI e 155.2x10"" am)rg ousru :}%&Hﬁ ysol i dExa
td

| e
162. 23x10'%0. Wﬁo&%ﬁﬁﬁﬁ@@ S@F ‘i%‘tﬁq Rg' a negative electrode
171. 2x10-"' 0. Tamrempitowslikbbeoy SOl iso| nedatadiviel electrode dope containing

181.57X10':01§§§qg®gﬁ H%EUQ?ﬁ&XﬁQrésﬁﬁﬂdﬂﬁiéaﬁgkﬁtive electrode active
190. 88x10- " 0. 83anor phousr ub 0. 1%ol | dExanple

200. 78x10- ' 0. %851 dhdts AIBBEFYED: 190l | dExanpl e
211. 1x10- 40. 43anor {Theuppuhbivy s€lddtemided acddpe Batedlohpls Bele2Cedp asEX.

300nduct 41 o ok 2x 56201 O g 18t 20! Pk N ROL (ol

measur abl e) <0.'01 (not neasurabl e) <0

adhesi on) Cr ySRaliiesi @pdr pShar Fﬂ’é%%‘?ﬁr%*?jﬁs"tsal | Foe T i ARG REFAFPERPePht ur e
st at esol i dsolpakitiilver gleeltirdiéi gbtive ssmiinriedapohati ans Osd2sdb 1E/sfdr] %

use as the positive electrode in a lithium secondary cell
include group I metal compounds such as CuO, Cu,0, Ag,0, CuS
25 and CuS0O,; group IV metal compounds such as TiS, SiO, and
SnO; group V metal compounds such as V,0,, V,0,;, Vo,. Nb,O.,
B1i,0, and Sb,0,; group VI metal compounds such as Cr0O,, Cr,0,,
MoO,, MoS,, WO, and SeO,; group VII metal compounds such as
MnO, and Mn,0,; group VIII metal compounds such as Fe,0;, FeO,
30 Fe,0,, Ni,0,, NiO and Co0,; and conductive polymeric compounds
such as polypyrrole, polyaniline, poly(p-phenylene),
polyacetylene and polyacene.
Calcogen compounds capable of adsorbing and releasing
lithium ions and calcogen compounds containing lithium ions
35 can be used as the positive electrode active material in
lithium ion secondary cells.
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-37 4 July 2002 The polyneric conpound of the invention, the binder resin
conposed of this polyneric conpound, and the inventive ion-conductive

pol yner el ectrolyte conposition obtained by addi ng an ion-eoodugctione sal t
to this polynmer electrolytes form ng pol yner have a high ionic conductivity
and a hi gh tackine m_hi S sol id polyner
el ectrol ytes and b;ﬁ%%megﬂgoqgfngrﬂ% Q gplb?é ?&p@&%ﬁﬁ %raglr%ﬁ gt ed Y
appl i cations adéthBNELa @Jeﬁf?@rlaltq dﬁtaﬁumohombmlmdﬁe FS@I:} dT+%l. yMesb. .

El ectrol yte Ielv%mi;y@lg Baid eno,. The positive el ectrode was fabricated by

bl endi ng a powder Xt eof Qz .and Ketjen Black i i g tio 15
of 90:10 with the g]?‘i}‘ﬁ % i écfpﬁﬁu?%m%urb‘f éﬁggsgipﬁg Mt he
wei ght rati oiohst hecpodqrietctlmr.l Limegs adbinihe pmwd;@a. NLXV 0 ¢ LN10,10 and
adding suitahlhg gEHEN i SIMEELEY jpvitalddlane Lasketea theh oy, kAl g a
positive el ectrode®d Usi ng a doctor fe applicator, the 20 p05|t|ve
el ectrode doge,wss AhsSnomm angbgint,i Ve 08| Bctxr &dd .a0rr antl ¢o$|IBcyoE in the
formof alum ném)foil, then held at 80C for 1 hours to render it into a
sem solid stard: ’ther eby giving a sheet-1like conposite positive el ectrode.
For the negative ePectsedethd iposiidiveoeleobsods ad:tide Tadelriahi dsn foi | was

press- borgded d%beuﬁdéé %ﬂt?sa?n StRelcondbbe e CQéifd?tﬁUl EleE'EEolyte
i on- conduct i ve ectro] yte coggom t on 1)

15
wns pl aced | # RIBAEEHERE, R e BRboES GRS d: AgRORI S oc PERLE bR
l'ithium foil eldctThéeshdie liohecondpotive suisid ippdyekeectloderabytestaacked on
top thereof %liﬁﬁeﬂsrégixf. %P@ec{ he 892 kirdepfLESELIROR 1:'3}{25r Q¥n - %oﬂﬁﬁceiv35 pm

bet ween the surface of the conposite positive el ectrode and hi um

foil surfaceS8fti flhB°i'1$‘§%"t|‘?f]é3 r@étyrtﬁdéndahanﬁ?’és%"tﬁjé‘ s t&ﬁpPFéaen‘The
el ectrodes wameedbibe| drespéduisva.tyat eSul tatlcutexBglieer of el r sondaddfifvect

curing. This e o] tr onposi tion
(liquid 1) %ggsgg&%&gween Ig\é{t(?lcfa é}{&fe;g%ﬁh%? ﬁa?th;&& conposite
positive el ectr odeTla‘hch‘l‘ED%%Pt?ﬁ\iitéi"P glecteodre gy e Erereole 2o
thermal | y polthARr EZ&m d&ﬁsuﬂiﬂcrm ithicRaebor bat any @iitabEe ifd 1pokyiRing

electrolyte I %gﬁgg{gg aqu VIdI9 63 b 2031 EENEWELA Vil SUP1d ReLYRE1 1),

el ectrol yte f
screen coating doctor blade coating, spin coating or bar

coating.

The negative electrode active material is selected as
appropriate for the electrode application, the type of
battery and other considerations. For instance, examples of

25 materials that are sultable for use as the negative
electrode in lithium secondary cells and lithium ion
secondary cells include alkall metals, alkali alloys, carbon
materials, and the same materials mentlioned above in regards
to the positive electrode active materilal.

30 Illustrative examples of alkali metals include lithium,
sodium and potassium. Examples of alkali metal alloys
include metallic lithium, Li-Al, Li-Mg, Li-Al-Ni, sodium,
Na-Hg and Na-Zn.

Examples of the carbon material include graphite,

35 carbon black, coke, glassy carbon, carbon fibers, and
sintered compacts thereof.
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The resulting filmtype battery had an al um numfoil/conposite positive

el ectrode/cured liquid I'l/lithiumfoil/stainless steel current collector
construction, was rechargeable, and clearly functioned effactivelaoces a 10
| ithium secondary battery. EXAMPLE 23 An i on- conductive solid polymer

el ectrolyte fil mt}f,Bgt E%éﬁ] ev&alse({ r| c qu é&erisaaln% getog gsga in

Exanpl e 22 1s excep e nega |ve e e was prep y “usi ng
graphite as talongct plshougkrits uss xdsng phmpp@imemi;mtalwt@bdqw dl)

of Exanple 8 pyiddar@aaphi Eﬁesé’d&f@ioﬁ%% o 9bh-E&hdcOfve %m@l oBYmer
derivative and t he ictlve material 1s 1:9 and addi n swt Ig rmunts of

N-met hyl 20 RASCICdERE o BIRFGTred COPABFLRYS oBISH i
el ect r ode sdopenezadiliyngrefernedat The tbretomiiestdoee S@Iiﬁ.d aomgngerl ve

el ect rode CUrd el 6alk8choh. inddle S ALoAORBELL] ohle BJFRANSHGf cRcdOCt OF

kni fe applicator, coat | ng to stan hours,
e

yielding a sﬂéél-qqnl@écﬂé"EO tROLyaga: GEF@HF%Q@Q rpié’@ﬁr ¥6sin Sfate.
The resul tingeHd Ipﬁets)eae batéREYorhad-edpericuFenym fSﬂﬂﬂamﬁp@ﬁbﬁlﬁl@stfi ve

el ectrode/ cured id. Ll/conpo e .negat iy | ect.r [ copper f0|I
Conet 1 ucrt on G ot tre SRHBE LG AR WL Ep TR ARG SRROBALLRRY o 4 <o
lithium blatteglyiphi&@ 4 July 2002 C7/~AIMs 1. A polyneric conpound

conpri sing pol yvi nx-heaESBBQéifeE"ﬂégé%fivge%éé{rwé fmkly’v‘ del)fo2med~t6Hg - CH
-~OH .. wherei.n n | , and havi ]lgen n 10 aver a

nunb e
degree of polhey it Bﬁ ‘6’?15?”1‘ efa{%it"k?@sscmﬁrﬁ’&’e"f“i”z‘éip fO5MEREr a11
of the hydr oxsdchgriomes sonht ae pwller mpatdhgokel thinan sappld catlost rodfléd with

oxyal Kyl ene- Qi NIoBA L GGUPSo Lo bIAES BORETRLA! SHHDddiieDR:0ba! | ast

0.3, and sone or a e 15 hydroxyl groups™on | ecul e, which
i ncl ude tife rAiM9g hydroxyl groups on the polyvinyl alcohol units of the
pol ymeri c conpoundThar eseapges off ttheminoeaktné Sidddr tneaiins asf the | east one

type sl ect eh iDL ik 353, 2000] 310 QN ALAQSHLALET: Alabgeliuted or

unsubsti tut ed nonoval ent h drocarébusr%ﬁ@s to 10 carbons

groups (Rl beiy *éles&%rf’?ﬁfl'éﬂt’o‘fe PPtléﬂ“EH elpcta e Hyvdesc ¥hash
group of Z tocddetharbepastiBhBS thegramtpndary belbgofsthtefinvetdtdloave), am no
groups, akyl Qg %sgﬂc%pgo@&%?%]&ém%o Ha- ﬁQQ%ﬁi?é NS SRR att1v8E

pol yneri ¢ conmpoun erein oxy ene-cont al ni n(ig%‘gr oups

have been i nthafrdedspyor bacfimpln Rﬂﬂ%r ‘br%‘?}fﬂiburhfcéb‘ﬁﬁr teenh

resin and the solid polymer electrolyte have the same
composition, interfaclal resistance between the electrodes
and the solid electrolyte can be reduced. As a result,

25 there can be obtained film-type batteries, particularly
secondary cells (e.g., lithlum secondary cells and lithium
lon secondary cells), of outstanding performance which
feature a high ionic conductivity and strong bonding between
the electrodes and the solid electrolyte.

30 The following examples and comparative examples are
provided to illustrate the invention, and are not intended
to limit the scope thereof.

EXAMPLE 1

35 A reaction vessel equipped with a stirring element was
charged with 10 parts by weight of polyvinyl alcohol
(average degree of polymerlzation, 500; vinyl alcohol

-26-



30 polyvinyl alcohol units with at | east one oxirane -40 4 July 2002
conpound sel ected from anong et hyl ene oxi de, propyl ene oxi de and gl ycidol.
3. The polymeric conpound of claim1, wherein 5 the oxyal kyl gpeycamndzi ni ng
groups have been introduced by reacting a polyneric conpound conpri sing

said polyvinyl alcohol units with a polyoxyalkglene conpound having a
hydr oxy- r eactfit@etdaBst ¥98khtand th@agkd. PioveldhhehAsatoree Mmpound of

claim 3, Ymera‘illiu@ohbesbl/ﬁlfﬂdﬂ/‘dﬁqc.td1V§>a§'lﬂ_QSbf{t WeNGh©bd DAY axuabkyaene
conmpound is sel ec

ed fromthe class consisting of |socyanate grouyps, epoxy

groups, 15 c X |P8r£ﬁ or%lbs",'e’cgfi%b&?ylwia eﬁcwagcﬁ%‘#‘f@éygf’%@ﬁg, ugggﬁr
groups, am detdgroipg, #eadogelratingrsvasndositinuedblar ione heaat Akeroom
Subst i ueqt s +peFPupl! Y HRY 11h1160BBOHEROR Wil Vol yCLARER SPed 40 4,
wherei n at Ieaesipea cuanb-subs?llit ut eg rm?lov‘g?%n% é(?ro ar gon gr O?Jp é=|£s used
to cap the hﬁﬁ%ﬁ??loér%u%%u%ﬁlqrﬁ?%ﬁﬂ1€§upé.6%.P¢F e rwed@ditn ofonpri sing a
pol ym?ricc I25 gquﬁumdiﬂCﬁ@m ?mé Q)yaﬁr)éif@ﬁt of atétdme.l H'ﬁe5re§ul‘l;:|j_ilﬁ3 bi nder
resin of clai avin strength.of at _least.0. 1 m,according to JI'S
K6854 (1994)Fﬂéguyﬁlwag4sg%hﬁpéd%§9§.hRHrFoﬁgcgﬁd%d??J% 5%*&%&9 conposi ti on
conpri si ng preagitiiby . elWhey sitjraingr wangs pebnetkrfadflopiiagnreacbioronduct i ve
salt. 5 abectdspipibeibR® PR YP®Iyir praddpdfated from the mixture. The

precipitate was collected, dissolved in 400 parts by weight

of water and neutralized with acetic acid. The neutralized

polymer was purified by dialysis, and the resulting solution

was freeze-dried, giving 22.50 parts by welght of a

15 dihydroxypropylated polyvinyl alcohol.

The reaction product had the molecular structure shown

below.
— (CHZCH)a —_— (CHZCH)b —
OH 0
20 Here, DHP represents the dihydroxypropyl group which

has formed as a result of glycidol addition. The structure
is that of an oligomer chaln having either of the two
linkages shown below.

DHP = ——(CHZ?HCHzoé——
0_

= —((IZH—CHZO)——

s CH,0—
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9. The ion-conductive polyner electrolyte conposition of claim8 having a
bond strength of at least 0.1 kNmaccording to JIS K6854 (1994). 10 10. A
secondary cell conprising a positive electrode, a negativeseberyrade and a
solid polyner electrolyte layer, characterized in that the solid pol yner

el ectrode |ayer '%ﬁ%”ﬂ%g&ﬂ Q@béﬂ}qt‘l’&%o%g CBEVS?E&BY eése%t 19loyise

conposition of claim8 i"es be ween 03| iVe el ectfode and
the negative fracithedweight Thethedddaharged anfl thal Wjﬂhw dihe t he

positive el eq}fdmtl dbRatNEROSi te positive el ectrode 20 conprising a
positive el ec %& rre t col|ector os tive el ecr ode dope

Do s of o P o Lar oottt He ATtk indy B3R 4 s g0 B

el ect r ode snatdenislatiiveadbtaived, byuraiditd opobifdnpohyhero®| gitaidloitle | ayer
conposed of the ignlqz@ggcgl Y £n 5 pol ymer el ectrolyte conposition of claim
8 or 9 lies between the COSEOSI positive el ectrode and the negatlve

el ectrode conposed &P (Fehohin ‘?%lthQﬁg%l EoRR 43Rt 8O nbhRighie ff RHOdyEE)

obt ai ned by coati mpug,nagati ve7el ectrode current collector with a negative
30 el ectrode dope containing the binder resin of claim6 -42 4 July 2002
or 7 and a negative electrode active material in adm xture. 12. A binder
resin corydri si ng aTpel gwerage Snelampenhs tddupiosi S potgdduhdted daloml units
of gener al fq&gybqeﬁg)isEthggﬂo 74H -~~H 10 15 20 25 30 .. wherein nis a
nunber of at | east ap, ay e re pol yneri zati on of at
| east 20, charact anIged %h?‘ﬁ%ttqgeo %‘af% Sgrﬁﬂe?ﬂﬁﬁ'?cﬁ&%/ HBups on the
pol yvi nyl aIm@h@ur@dlusiageaswmsianlnxaiaﬂotNMBxyaekyremmﬁaanwmhm BgO gr oups
to an aver age gl sgg{bgﬁt? ud+ opn of ﬁtodu%%s'f 0.3. 13. The binder resin of
claim12, wherein the ox %I ene- cont ai ni n% gr oa s have been |nbﬁoduced by
reacting & pol ymer TRecBREHRST TuH iSvsGLEHE R0 %W’Ff?’rneaq R t8Ri £S with
at | east one cauboansigoapointeselect(@) foforchaneayteid(Yiigle oriitle, £pompyl ene
oxi de and gl ygj d%nreééteahﬁv)g AR G FUEC R %Héi@ VEPTSd e @ ther

oxyal kyl ene- contalnln rougs een nt roduced
carbons was

In addition, the fraction of unreacted -(CH,-C(OH)H)-
20 units determined by comparing signal intensitlies (A) and (C)
was 0.57.
Accordingly, in the above formula, a = 0.57 and b

0.43.
Hence, the average length L of the DHP chain is L
25 MS/b = 2.21.

EXAMPLE 2
A dihydroxypropylated polyvinyl alcohol was prepared

by the same method as 1n Example 1, except that 134 parts by
30 weight of glycidol was used. The yield was 33.04 parts by

weight and the average molar substitution (MS) by

dihydroxypropyl units introduced onto the polyvinyl alcohol,

as calculated from the yield, was 1.37. The MS determined

from the NMR spectrum was 1.49. The ratio a:b was 0.6:0.4,
35 and L was 3.73.
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average molar substitution by dihydroxypropyl units

20 introduced onto the polyvinyl alcohol, as calculated from
the yleld, was 1.19. The molar substitution (MS) determined
from the NMR spectrum was 1.23. The ratio a:b was 0.58:0.42,
and L was 2.93.

25 EXAMPLE 4
A hydroxypropylated polyvinyl alcohol was prepared by
the same method as 1n Example 3, except that 53 parts by
welght of propylene oxide was used instead of glycidol. The
yield was 24.63 parts by weight, and the average molar
30 substitution by the hydroxypropyl units introduced onto the
polyvinyl alcohol, as calculated from the yleld, was 1.11.
The molar substitution can also be calculated as follows.
{unit molecular weight of PVA)/(unit molecular weight of PVA
derivative obtalined by addition of n units of propylene
35 oxide)
= 44/(44 + 58n)
= (welght of charged PVA)/(welght of product)
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10 n = 0.52

MS = 0.52 x 5 = 2.6

The structural formula of the reaction product is
shown below. The average molar substitution by the ethylene
15 oxide units, as determined from the NMR spectrum, was 2.6.

H— (CH,CH), — (CH,CH), —H

OH o—cHzc|HCH2 (0CH,CH,) ;0 —@

OH
(a:b = 0.48:0.52)
EXAMPLE 6
20 A reaction vessel equipped with a stirring blade was

charged with 10 parts by welght of partially saponified
polyvinyl acetate (average degree of polymerization, 500;
vinyl alcohol fraction, 77%) and 150 parts by weight of
dimethylsulfoxide. An aqueous solution of 9.1 parts by

25 welght of sodium hydroxide in 10 parts by welght of water
was gradually added under stirring, and stirring was
continued for one hour at room temperature. To this
solution was gradually added over a period of 3 hours a
solutlion of 67 parts by welght of glycidol in 100 parts by
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the dihydroxypropyl units introduced onto the polyvinyl
alcohol, as calculated from the yield, was 0.8. The MS
determined from the NMR spectrum was 0.98. The ratio a:b
was 0.48:0.52, and L was 1.88.

EXAMPLE 7

A reaction vessel equipped with a stirring blade was
charged with 10 parts by weight of poly(ethylene vinyl
alcohol) (average degree of polymerization, 400: vinyl
alcohol fraction, 71%) and 100 parts by weight of
dimethylsulfoxide. An aqueous solution of 1.29 parts by
weight of sodium hydroxide in 7.3 parts by welght of water
was gradually added under stirring, and stirring was
continued for one hour at room temperature. To this
solution was gradually added over a period of 3 hours a
solution of 47.8 parts by weight of glycidol in 40 parts by
welght of dimethylsulfoxide. The resulting mixture was
stirred for 8 hours at 50°C to effect the reaction.
Following reaction completion, a unlform solution was
obtalned and so this was diluted with water and neutralized
with acetlic acid. The neutralized solution was purified by
dialysis, and the resulting solution was freeze-dried,
giving 25.0 parts by weight of a dihydroxypropylated
poly(ethylene vinyl alcohol). The average molar
substitution (MS) by the dihydroxypropyl units introduced
onto the poly(ethylene vinyl alcohol), as calculated from

the yield, was 0.8. The MS can also be calculated as follows.

-32-

S f/3"10% & ()-! @/ 3" 10%munu& ()-!f *109%8030& ()- 112L308P3Q



*10%) & ()-3' > Y *10%& ()-3Y

*10%@P& ()-3) 10%@& ()-!1 F'10%& ()--!6 F"10%v& () -- EEEEEFFFG =0T! D! ! ;

A i 109uhu& ()-s!; +n' 109%hh& ()-s"L10% u& ()- 10@ 10@ 10@ 931U 6) > 3
10%@& () - GEHHHHCI 1}[9_=0T! D! @ " 10%munu& () -! 6C' 10% %% ()- yF 10% u& () -
10% u& ()-!@ nt 10%rurru&' () s' y m 10% - & ()-sl 11/ JIKKKzX9. =

10 us910% u& () ~LiErtk H-t;!|-|§=0-/e & ()-! D+ 10%])q)&'() L*lO%u&'()
.~ @F 10%uhu& () 2&K LIL LLhF 1 9lx "109RR& () - "109& ()-, {°
" 10%&'() zmw&'() "9109%d & 10-u 0-uLLLI\/N03PwU6F: 10-‘
"100/(7:&'() "1090T& () - "10%& ()-,!1C  "109%& ()-,!N "109% T
& ()-,!
28 44
—¢CH,CH,)——(CH,CH}— 28%X0. 29= 8. 12
44%X0. = )
OH 0. 71=31. 24

N 39. 4

12

(unit molecular welght of EVA)/(unlt molecular weight of EVA
derivative obtalned by addition of n units of glycidol)

5 = 39.4/(39.4 + 74n)
= (weight of charged PVA)/(welight of product)
Thus, 39.4/(39.4 + 74n) = 10/25.0; and so
n = 0.8
10 The MS determined from the NMR spectrum was 0.82. The

percent conversion of the PVA unit portions on the molecule
i1s apparent from the ratio c:a:b, which was 0.29:0.53:0.18.
L was found from this to be 4.44.

15 Iable 1
Starting polymer .
(average degree of zzgc‘;i:xﬁ Reagent Msfrcoa“.llcuil:f ; a
polymerization) ¥
Example 1 PVA (500) =98% glycidol 0.74
Example 2 PVA (500) =98% glycidol 1.37
Example 3 PVA (500) =z98% glycidol 1.19
Example 4 PVA (500) =98% propylene oxide 1.11
phenol (EO),
Example 5 PVA (500) 298% glycidyl ether 2.6
partially
saponified
Example 6 polyvinyl acetate 77% glycidol 0.8
(500)
poly(ethylene vinyl
Example 7 alcohol) (400) 71% glycidol 0.8
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10 Organo Corporation under the trade name Amberlite IRC-76.
The ion-exchange resin was separated off by filtration,
after which 50 parts by weight of acetone was added to the
solution and the insolubles were filtered off. The
resulting acetone solution was placed in dialysis membrane

15 tubing and dialyzed with running water. The polymer which
precipltated within the dlialysls membrane tubing was
collected and dissolved 1n acetone again. The resulting
solution was filtered, following which the acetone was
evaporated off, giving a cyanoethylated polymer derivative.

20 The polymer derlvative was dried in vacuo, then used to
measure the electrical conductivity. The infrared
absorption spectrum of this polymer derivative showed no
hydroxyl group absorption, confirming that all the hydroxyl
groups were capped with cyanoethyl groups (capping ratio,

25 100%).

EXAMPLES 9 to 14
Cyanoethylation:
Cyanoethylated polymer derivatives were prepared in

30 the same manner as in Example 8 by cyancethylating the
polymers obtained in Examples 2 to 7. The infrared
absorption spectra of the resulting polymer derivatives
showed no hydroxyl group absorption, confirming that all the
hydroxyl groups in each case were capped with cyanoethyl

35 groups (capping ratio, 100%).
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10% u& () s perchlorate and the polymer derivative were charged such
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The conductivity and bond strength of each of the
resulting compositions were measured by the methods
described below. 1In addition, the room temperature state of

15 the composition was visually assessed. The crystallinity
was determined by carrying out wide-angle x-ray diffraction
analysis (FIG. 2 shows the x-ray diffraction pattern for the
composition (complex) prepared in Example 15 from the
polymer derivative of Example 8 and lithium perchlorate).

20 The compositions obtained in these examples were also held
at 100°C for 5 hours, and the percent weight loss by
evaporation was measured. The results are presented in
Table 2.

Conductivity:

25 The cured composition was placed between two copper
sheets separated by a 200 pm gap, and the conductivity was
determined by AC impedance measurement.

Bond Strength:

The bond strength was measured according to the peel-

30 type bond strength test standard for adhesives set forth in
JIS K6854. Specifically, a T-peel test piece having a
thickness of 0.6 mm, a width of 25.45+0.2 mm, and a length
of 300 mm was prepared from a copper plate that had been
surface-treated with sandpaper as the adherend. To carry

35 out measurement, both ends of the test plece were attached
to fixable crossheads on a testing machine, the cross-head

rate was set at 100+0.2 mm/min, and crosshead movement was
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I1 ' 1009 0
1000 1 SO i TACK S, (UrodlA08 Opporscicmoms )
1!,B‘"10@NUYUEFQBarQ§ bF Ibﬂhﬁame)menhquﬁ%liﬂ ExampgpeylS5, except that
polyethylene glycol having a weight-average molecular weight
of 2000 (PEG 2000) was used as the polymer.

The conductivity and bond strength of the resulting
complex were measured by the methods described above, and

15 the room-temperature state was visually assessed. The
crystallinity was determined by wide-angle x-ray diffraction
analysis. In addition, the complex was held at 100°C for 5
hours, and the percent welght loss by evaporation was
measured. The results are presented in Table 3.

20
COMPARATIVE EXAMPLE 2

A hydroxypropyl cellulose-lithium perchlorate complex
(ion-conductive polymer electrolyte composition) was
prepared by the same method as 1n Example 15, except that

25 hydroxypropyl cellulose was used as the polymer.

The conductivity and bond strength of the resulting
complex were measured by the methods described above, and
the room-temperature state was visually assessed. The
crystallinity was determined by wide-angle x-ray dlffraction

30 analysis. In addition, the complex was held at 100°C for 5
hours, and the percent welght loss by evaporation was
measured. The results are presented in Table 3.

COMPARATIVE EXAMPLE 3

35 A cyanoethylated hydroxypropyl cellulose-lithium
perchlorate complex (ion-conductive polymer electrolyte
composition) was prepared by the same method as in Example
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crystallinity was determined by wide-angle x-ray diffraction

analysis. In addition, the complex was held at 100°C for 5
hours, and the percent weight loss by evaporation was
measured. The results are presented in Table 3.
10
Table 2
. Bond Room- Weight loss
Conductlvity| strength |crystallinity |temperature by
(s/cm) (kN/m) state evaporation
Example 15 5.2x107* 0.74 amorphous rubbery <0.1%
) * solid :
Example 16| 2.23x107* 0.72 amorphous rubbery <0.1%
P : . p solid y
Example 17| 1.2x107* 0.7 amorphous rubbery <0.1%
P * * p solid '
Example 18 1.57x10™* 0.82 amorphous rubbery s0.1%
P . . P solid .
-4 rubbery
Example 19 0.88x10 0.83 amorphous solid <0.1%
Example 20| 0.78x10"* 0.56 amorphous rubbery <0.1%
- solid :
Example 21| 1.1x10"* 0.43 amorphous rubbery s0.1%
P . . b solid .
Table 3
Comp. Ex. 1 Comp. Ex. 2 Comp. Ex. 3
Conductivity (S/cm) 8.2x10°¢ 7.0x10°® 6x1074
<0.01 <0.01 0.1
Bond strength (kN/m) (not measurable) | (not measurable) | (weak adhesion)
Crystallinity crystalline semi-crystalline) amorphous
Room-temperature state solid solid rubbery solid
Weight loss by evaporation <0.1% =0.1% =0.1%

-37-




10!

1S "10%& ()-!D "10%e& ()-!N'10%&' ()- 10%& ()-!t 10%& ()- 109 & (%-w! "#$0}r
g\= 10! " 109@& ()- 10T 10T 4 July 2002

10T 9109%0& ()-!1"31"109%& ()-! @s! 109%& () - Y+1090& ()-0. T~zX6g\ = 10!!V3

@O%& ()-!1"""10%& 1l pe %ﬂ&ié)cé otk thle 'ifikent QUMNELRE -BandddY& () - WX
MB7 10'! 10T 10T 10T 5709378 (): 10 10%rT&'jf% I'c +LI1QU& &Asl 1$'/é9%&' -1Vv3

@owR?& () - cOfSENBFOMROsES: ?6%%%%? (olymerichRompopndy a \GR:
3"10%g& () - Fiéﬁkébﬁﬂﬂht@hé&bblyﬁéfQQIE@ﬁ& yﬂdeﬁMBbsimion obtained by
f("10%VE ()-Yykassi10% ? ”' (% o g% -1'D "1
0% ()- 28] §3ind ACAGE; Lbaa ?t o i) Bkt ‘8“a %P"/igs’ e
forming polymer have a high ionic conduct ity and a high
tackiness, making them highly suitable for use as solid
polymer electrolytes and binder polymers for film-type cells

and related applications.

10 EXAMPLE 22
Preparation of Ion-Conductive Solid Polymer Electrolyte
Film-Type Battery:

The positive electrode was fabricated by blending a

powder mixture of LiCoO, and Ketjen Black in a welight ratio

15 of 90:10 with the polymer derivative (liquid I) of Example 8
so that the weight ratio of the polymer derivative and the
powder mixture is 1:10 and adding suitable amounts of N-
methy pyrrolidone thereto, thereby obtaining a positive
electrode dope. Using a doctor knife applicator, the

20 positive electrode dope was cast onto a positive electrode
current collector in the form of aluminum foil, then held at
80°C for 1 hours to render it Iinto a semisolld state,
thereby giving a sheet-like composite positive electrode.

For the negative electrode, lithium foll was used.

25 The lithium foil was press-bonded onto a stainless steel
current collector.

Next, the ion-conductive polymer electrolyte
composition (liquid II) of Example 15 was placed in a slight
excess on the surface of the negative electrode lithium foil.

30 The sheet-like composite positive electrode was stacked on
top thereof such as to face the negatlve electrode across a
gap of 25 pm between the surface of the composlte positive
electrode and the lithium foil surface of the negative
electrode, and pressure was applied. The electrodes were

35 held in this state at about 80°C for 6 hours to effect
curing. This caused the lon-conductive polymer electrolyte
composition (ligquid II) dlsposed between the sheet-like
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K" 109%&' () -5 "thotkerx.) -! @}‘"10%&'()-'D8"10%&f()-|}[<1@?1 10z9 910% & ()-!;
1) 110%sé& () - The resulting film-type battery had an aluminum
foll/composite positive electrode/cured liquid II/lithium
foil/stainless steel current collector construction, was
rechargeable, and clearly functioned effectively as a

10 lithium secondary battery.

EXAMPLE 23
An ion-conductive solid polymer electrolyte f£ilm-type
battery was fabricated in the same method as in Example 22
15 except that the negative electrode was prepared by using
graphite as the active material, mixing the polymer
derivative (liquid I) of Example 8 with graphite so that
the weight ratio of the polymer derivative and the active
material is 1:9 and adding sulitable amounts of N-methyl
20 pyrrolidone as a diluent, thereby obtaining a negative
electrode dope. Casting the negative electrode dope onto a
negative electrode current collector in the form of copper
foll by means of a doctor knilfe applicator, and allowing the

coating to stand at 80°C for 1 hours, yielding a sheet-like
25 composlite negative electrode in semli-solid state.

The resulting film-type battery had an aluminum
foil/composite positive electrode/cured liguid II/composite
negative electrode/copper foll constructlon, was
rechargeable, and clearly functioned effectively as a

30 lithium battery.
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1. A polymeric compound comprising polyvinyl

alcohol units of general formula (1)

H

wherein n is a number of at least 20, and having an
average degree of polymerization of at least 20,
characterized in that some or all of the hydroxyl
groups on the polyvinyl alcohol units are substituted
with oxyalkylene-containing groups to an average molar
substitution of at least 0.3, and some or all of the
hydroxyl groups on the molecule, which include the
remaining hydroxyl groups on the polyvinyl alcohol
units of the polymeric compound, are capped with
monovalent substituents of at least one type selected
from the class consisting of halogen atonms,
substituted or unsubstituted monovalent hydrocarbon
groups of 1 to 10 carbons, RCO- groups (R' being a
substituted or unsubstituted monovalent hydrocarbon
group of 1 to 10 carbons), R'3;Si- groups (R being as
defined above), amino groups, alkylamino groups and

phosphorus-containing groups.

2. The polymeric compound of c¢laim 1, wherein
the oxyalkylene-containing groups have been introduced
by reacting a polymeric compound comprising said

polyvinyl alcohol wunits with at least one oxirane
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polyoxyalkylene compound 1is selected from the class
consisting of 1isocyanate groups, epoxy  groups,
15 carboxylic groups, carboxylic acid chloride groups,
ester groups, amide groups, halogen atoms and silicon-

bearing reactive substituents.

5. The polymeric compound of any one of claims
20 1 to 4, wherein at least a cyano-substituted
monovalent hydrocarbon group 1s wused to cap the

hydroxyl groups on the molecule.

6. A  Dbinder resin comprising a polymeric

25 compound according to any one of claims 1 to 5.

7. The binder resin of claim 6 having bond
strength of at least 0.1 kN/m according to JIS Ké6854
(1994) .

30
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10 10. A secondary <cell comprising a ©positive
electrode, a negative electrode and a solid polymer
electrolyte layer, characterized in that the solid
polymer electrode layer 1s composed of the ion-
conductive polymer electrolyte composition of claim 8

15 or 9 and lies between the positive electrode and the

negative electrode.

11. The secondary cell of claim 10 wherein the

positive electrode is a composite positive electrode

20 comprising a positive electrode current collector
coated with a positive elecrode dope composed of the
binder resin of claim 6 or 7 and an active positive
electrode material in admixture, and the solid polymer
electrolyte layer composed of the ion-conductive

25 polymer electrolyte composition of claim 8 or 9 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

30 electrode dope containing the binder resin of claim 6
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wherein n is a number of at least 20, and having an
average degree of polymerization of at least 20,
characterized in that some or all of the hydroxyl
groups on the polyvinyl alcohol units are substituted
15 with oxyalkylene-containing groups to an average molar

substitution of at least 0.3.

13. The binder resin of claim 12, wherein the
oxyalkylene-containing groups have been introduced by

20 reacting a polymeric compound comprising said
polyvinyl alcohol units with at least one oxirane
compound selected from among ethylene oxide, propylene

oxide and glycidol.

25 14. The binder resin of c¢laim 12, wherein the
oxyalkylene-containing groups have been introduced by
reacting a polymeric compound comprising said
polyvinyl alcohol units  with a polyoxyalkylene
compound having a hydroxy-reactive substituent at the

30 end.
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17. An ion-conductive polymer electrolyte
composition comprising primarily the polymer
16 electrolyte-forming polymer of any one of claims 12 to

16 and an ion~conductive salt.

18. The ion-conductive polymer electrolyte
composition of claim 17 having a bond strength of at

20 least 0.1 kN/m according to JIS K6854 (1994).

19. A secondary cell comprising a positive
electrode, a negative electrode and a solid polymer
electrolyte layer, characterized in that the solid

25 polymer electrode layer 1s composed of the ion-
conductive polymer electrolyte composition of claim 17
or 18 and lies between the positive electrode and the

negative electrode.

30 20. The secondary cell of claim 19 wherein the
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coated with a positive electrode dope composed of the
binder resin of any one of claims 12 to 16 and an
active positive electrode material in admixture, and
the solid poliymer electrolyte layer composed of the
ion-conductive ©polymer electrolyte composition of
claim 17 or 18 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 any one of claims 12 to 16 and a

negative electrode active material in admixture.
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