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(57) Abstract

An electfolyte composition. for electric double layer capacitors having a high ionic conductivity, a high surface tackiness, and an
excellent retention of sI.1ape, a solid polymer. electrolyte, a composition for polarizable electrodes having a high adhesion, a high dielectric,
and an excellent retention of shape, a polarizable electrode, and a high-performance electric double layer capacitor comprising them are
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15 of electronic equi prent. The invention also relates to polarizable

el ectrode-form ng conpositions and pol ari zable electrodes, as well as to
el ectric doubl e-layer capacitors arrived at using thes¥ énwpsns?2@d4ons and
conponents. 20 Background Art El ectric doubl e-layer capacitors are
currently enployed as backup power supplies for conputers nenories. These
capacitors, which nmake use of the electric double |layer that forns at the

|nterface bet ween an eIectrmmghgﬂgg_mﬂgggggggglggectroIyte have a smal |

si ze, ce. an en pi.d advances in
portab| | i t%{l%gﬁézaog@&cﬁ a@%“pqsé'a Jtﬂlbfr}cﬂ Mr?é’rlyé‘?eé%t%ﬁtﬁﬁtcr iCcdLSuch as
nmobi |l e phones haveI(Ei&qtnndunqﬂﬁxﬁkﬂhyhrnnubddﬂtdﬁgxnr|c doubl e 30 | ayer

capagitors. Becau tors i ch use nonaqueous
elecgrol tes haveﬁglﬁkggéﬁigoﬁ?gg%ggggyﬁgﬁ%} 9 8WQPF§%?HBn t hose nade
usi ng aq\é’w{ﬁlaaéblt& didaatrode heqncar&laﬂtmﬂed DasitdspdaEyds \Capamitsimrg and
have been the object of accelerated research efforts. 35 Secondary cells
have hitherto been used for such applications. However, electric
doubl e-1 ayer capacitors have cone into mndespread use as | ower power-
consunption by -1 17 Janysgcy - gnt has reduced backup
onger cycle life and broader

curéﬁ ul r is, . and becaase of the
ser ceﬂF§ﬁ§¥¥§§g§§Q?g%ge of -t he capacitors thenselves. 5 Such electric

doubl e- Iayerfﬁa@a@témenthﬁﬂ@eﬁtlcﬂnﬁélwtééOﬂoi@1ébtﬁblﬁt@05itive and a

negat a cLro r ded.on _a.left-right
parr | o SR L i | RMCLLERY Bofultt! SRS arOTn it heF et Bies
(poIaH:ﬁﬂﬂhiqxiQNth¢®ﬂ@@}th95etheénabw|high@yaddihgbhecﬁoﬂuuSevEnnater|m

to a |afsﬁﬁ:r§tﬁﬁﬁffc@ff&1§aé§rbé’ékgﬂ ;go@éragﬁbﬁﬂsg £8£PORrE Bus' FPpAYE the
conduct [ V£ té’ of the el ectrode
lectronic equipment. The 1nvent10n alsc relates to

polarizable electrode-forming compositions and polarizable
electrodes, as well as to electric double~layer capacitors
arrived at gsing these compositions and components.

20 un r
Eleqtric double-layer capacitors are currently employed
as backup power supplies for computers memories. These
capacitors, which make use of the electric double layer that
forms at the interface between an electrode and a liquid
25 electrolyte, have a small size, a large capacitance and a
long cycle life. |
Recent rapid advances in portability and cordless
features in consﬁmer electronic devices such as mobile
phones have led to a heightened demand for electric double-
30 layer capacitors. Because'electric'doubleslayer capacitors
which use nonaqueous electrolytes have a higher voltage and
energy density than those made using aqueous electrolytes,
they are viewed as especially promising and have been the
object of accelerated research efforts.
35 Secondary cells have hitherto been used for such
applications. However, electric double-layer capacitors
have come into widespread use as lower power'consumption by



bi nder to support the m xture on a current collector such as -alum num
foil. 15 I'n this case, a separator |ies between the positive and negative
el ectrodes. The el ectrodes and the separator are gener &¥ UgnuampEedmhat ed
with an electrolyte solution. However, in such prior-art electric

doubl e-l ayer capacitors, adhesion and tacki ness between the pair of 20
eIectrodeelaqﬂrbhmceéquipméutehége@aaab@a)bagkhgmbuﬁhéﬁthas an especial l'y

| arge i np ectric dqub]e ayer capacitors. That is,
(11 vt ypor et Pehehfl Y BRaChEghheg G2 Phe . 10R4ST TR abbte, andve a
positive breedeudseEVEcerbémperaﬁutsepaﬁQEOGf/ﬂﬁga&a gcetesgrode
const ruct cylindrical capacitors in which the positive

el ectrode/ e ectro%yfe (separator)/negative electrode conposite is coiled
and placed ‘i n Buehselecheiabdenbieelagercoapaogtpresrave an fil mtype

ol octrodegna rRcion ERPRAYLE & poRiPRkenBRR EChBTHFERY £1SAESRR nogati ve

el ectrode,and the _electrolyte an efWweén
eIectrode(P%}PE%Fﬂel?h@léPEEP@QFWtér@oPSQﬁéﬂaﬂeoneadleﬁtfrmghttpa1p05|t|ve

and negatofecereeht 0desiedbyss.the electrolyte (separator) placed between
the positive e+ectrode and the 35 negative electrode, in addition to
serving as an LBPeRPFOFIVE, aﬂﬁs?eﬁP§6Vﬁa9éeFﬁ§°@%$I(P?lﬁﬁlgﬁbbﬁgly bond t he

17 Jamuarqle@ﬂno@es)tnaeeandenegailvebyleaaiﬁgeﬁ cbﬁdﬁ&hﬁﬁeWHééérlai nust

have adh o) a ess. s used. in electric
doubl e- |§E%rg g@%%é %5#§a?% 2ﬁﬁﬁgﬁ?§aréﬁar?908faa pgkyBatefs geEPARekC 5
mat eri al y@@ﬁOﬁs tiee | ganddctiavbby of aheeeaéctnﬁﬁentaﬁo|hgﬁhgralnC|Ude

(Do yL et abluae 0ot by enBor D OLHY MY IR0 on L UBLLAR,: PLYLAYL PYLER! fdone

“and car boxynet hyl ce ose ese, polyvinyrli
excel | entZF{HR d?%h bt lity. 10 However, none of these binders has the

abi ity to diBﬁOthsi@@s@PnQU§é§H§a§§$t§iéQ BePh80n COREEPLERLE Qha
negative electrodes. The electrodes.and the separator are
generally impregnated with an electrolyte solution.
However, in such prior-art electric double-laver
capacitors, adhesion and tackiness between the pair of
20 electrodes and the electrolyte (separator) is'low. This has
an especially large impact in film-type electric double-
layer capacitors.
That is, film-type electric double-layer capacitors, as
- hoted above, have a positive electrode/electrolyte
25 (separator)/negative electrode construction. Unlike
cylindrical capacitors in which the positive
electrode/electrolyte {separator)/negative electrode
composite is coiled and placed in a case, fhe absence of a
- coiling pressure in film-type capacitors means that pressure
30 1is not app;ied between the positive electrode and the
electrolyte and between the electrolyte and the negative
electrode, allowing the electrolyte to separate readily from
the positive and negative electrodes. Thus, the electrolyte
(separator) placed between the positive electrode and the
35 negative electrode, in addition to serving as an
electrolyte, must also have the ability to strongly bond the



possesses itself a high ionic conductivity. Mreover, these binders are
unabl e to sinmultaneously satisfy the requirenents for strong adhesion to
‘the current collector, 15 low do resistance, and |arge & deyaps2eR4 c
capacitance. In addition, to lower the interfacial resistance between the
el ectrodes and the electrolyte (separator), it 1is desirable for the sanme
pol yner upesitive hanélmegabiye eelectsedys. al 39 éBhéheybiasder if afhstin the
el ectrod 20 . C de binder nust retain the ability to bond

| ar ge su?%ggé %@%%Qﬁa e$+§réé PE%%- activated carbon; that is, it nust

have t acki nessExamp beihesf opindéms lise@rin eslastabd dobble pbhyser

el ectrol y¢ & | gct L bl ez paci s that. have_hitherto been
25 reportéﬁé?n?§%%§I?§e$ﬁ ggyaée5%€¥§§a§€i%gi%%é%u??¥%?%ﬁtar?%ckiness and
adhesi®on, Makehkt]l suchtaerachportemtcaroperones. mékeatecunraebd has been
felt for derléetori fiEDY 1y S0t Fhf e ' present
I nvention %Eeived | n id% 6%5t%%&ﬁgﬁgggi%$€bd%ﬁ%gﬁ%gggiigﬁ?rst

s ¢ ] t ]
obj ect of* Fer{dtenks brviavl PYFFolidene| aedreryhexyonpasicebhslond. sol i d
pol yner @i echhesd ytpslieingl bednié CEIQOP] Qe | BAET c£BRATEA LT $114bi Ch 35
conpositi 5g§&£%§ctrolytes are endowed with high ionic conductivity,
hi gh tacKiness dnd sShape retention. Another object of the inventionis to

provil@e pol arileiteer) expneder - thdde Jatndeys 2084 £06 nhpglLeeypesi tions and

pol ari za r S L Q. | esion.. good diglectric properties,
and shap(ta}fi fsr%:gf\% ijg%.? %\%lﬁ%é‘?e o%%%g? a€$ ‘?h%lsylﬁv%?\??%lﬁgF@E%Bnp?gvi de
hi gh- per IRRFERRELR| Bkiele aduigle-leyke capdectivityhi dMoreoverbetheseved at

[using thasederpasid |ans A0 & OmRRPRhSeoudlle LAYERLY! Spave conduct ed
i nvestigations 1n order to acthreve these ains. As a

"ext ensi ve-and. r epeat ed
resul t, E%V%E%“Eﬁ SR T TP R Adhes 190 b Ve vayTrent afedlentor; oni c
condust i Viaw d¢ tiesisiamtect a1l yiergOPLectio8ta0ic capacitance.

In addition, to lower the interfacial resistance
between the electrodes and the electrolyte ({separator). it
is desirable for the same polymer used in the electrolyte to
serve also as the binder resin in the electrodes.

20 Such an electrode binder must retain the ability to
bond large surface area materials such as.activated carbon;
that is, it must have tackiness and adhesion.

The binder resins and solid polymer electrolytes for
electric double-layer capacitors that have hitherto been

25 reported in the literature are all lacking in sufficient
tackiness and adhesion, as well as other important

properties. Hence, a need has been felt for further
improvement.

30 Disglgguxg_gi_zng;lgzgnxign
The present invention was conceived in light of the

above circumstances. A first object of the invention is to
"provide electrolyte compositions and solid polymer
electrolytes for electric double-layer capacitors, which

35 compositions and electrolytes are endowed with high ionic
conductivity, high tackiness and shape retention. Another
object of the invention is to provide polarizable electrode-



10 el ectric doubl e-layer .capacitors conposed primarily of a polyneric
conmpound havi ng oxyal kyl ene chai n-bearing polyvinyl alcohol units and an
i on-conductive salt is to increase the proportion per hhianugsy §PR4 of

pol ymeric conpound in which pol yoxyal kyl ene segnents capable of. 15

di ssolving an ion-conductive salt are introduced onto the polyner. That
is, a typi l@ﬂa#ﬁmﬁosntwhnshapdlpoiyahhmb&aeelbbanoheé bhYiingy are

|ntroduceﬁlg@tgdﬁegggﬁenpbgﬁaglggggE ﬁgﬁeggfguﬁﬁbgn e _such as

cel l ul ose n1gﬁ$ I nvol ve 2 ntro uct | engt h
polyoxyetﬁﬁ igroup? §§rtb@EIdeggtunftthenlnheat¢aae;stme prlosdidiear

vei ght of nilghe peekbiuhianes! 89MGLG Hﬂhbie(-??g%goé)aghéﬁg%@c&%&ﬁ%cfﬁi H is

nol ecul ar . wei pol yoxyeth
441. Henc&® 1V?Qc?|OHSFBEr§§@ﬁﬁe§0590§5tﬂhéspanﬁo%?mphpEBWS .gr oups,

whi ch are the mhetnﬁﬂén@&rhhﬁavﬁobbﬂﬁﬁcEEateﬂ%éﬁ@&%@ EPQ F%? @QPCt'Ve
he resulting ce erivative

salt, rel the unit
poIyoxye?hbﬁeneaPFéepFoﬁ? ngﬁgvéﬂ Bﬁhﬂﬁger§Ppée QATF(44%$1@1FGSU@i733 30
By contra§heY|haaepdhyaevecedotnaMndnsuﬁheailpglw&ynyb raligehehe( PVA)
havi ng a g wer th meri.c substances
such as CSBPEFgggﬁ?gbgéggﬁg Q&thg bQEKSEﬁgt ﬁ V&R FEQP%§H§1HEI§€EIar wei ght
- of the?P eP gier dpygbdar QYQCHQGH@GHtprsscémpaeddtbeimakaaql@E @ei ght 35
&0 pvgalepé Aagbdarid

of the 10 oLy e i s.441, a higher

pol yoxyet heng ?Fag?¥§%B% %%Y??§4?§X§§E§%§H§OSkégangﬁfgygd The hi gher
polyoxyetﬁé ENeN¥Lagdrehodnupiés and4an] topacondyuceise geddt dis dwount of

Zi'on- condumncreasalthéOPBGpdrﬁiehvﬁér i1 taddiGhen oo Wﬁk@@xﬁgﬁ mol ecul e has
Fation occurs,

" e B PRl S et S e g oces
conduhﬁ|v8#9seéﬁlbg antaonedondubhmsemaaltAhse,1nheadﬁcéﬂ|6h&prH@ ectric
doubl e- | aygtymapaci t or
That is, a typical example in which polyoxyalkylene
branched chains are introduced onto a conventional natural
- pPolymeric substance such as cellulose might involive the

20 introduction of a ‘10-mole unit length polyoxyethylene group
per cellulose unit. In this case, the molecular Welght of
the cellulose recurring units (C.H,,0,) is 162 and the
molecular weight of the 10-mole polyoxyethylene groups

- ((CH,CH,0),,-H) is 441. Hence, the fraction represented by

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

30 By contrast, if a polymeric cbmpound such as polyvinyl
alcohol (PVA) having a unit molecular weight lower than
natural polymeric substances such as cellulose is used as
the backbone, given that the molecular weight of the PVA
recurring units (CH,CH(OH)) is 44 and the molecular weight

35 of the 10-mole polyoxyefhylene groﬁps ((CH,CH,0},,-H) is 441,
& higher polyoxyethylene fraction of 441/(441+44) = 0.909 is
achieved. The higher polyoxyethylene fraction enables a



I's assenbled so as to include a solid polyner electrol yte (separator),

between a pair of a polarizable electrodes, for the solid polyne
electrolyte to additionally serve as the binder conponéﬁﬂan%“Yﬁ@yblectrlc

doubl e-l ayer capacitor, it nust 10 have both a high ionic conductivity, and
the ability to bind powdery |arge surface area materials and conductive
materials. That is, it nust be tacky. Mireover, filmtype electric

doubl e-d; Al C ARAGLEOLE Tade with solid pal yner el ectrolytes generally
have ad i ar | z%@ﬁ glhté:l é%t Froae/<ut lHﬂ'f's“re'eIse"’c]t*‘r dig ke (Fieradatest.,) Apol ar i zabl e
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solid elechigb t | Lo he sal.id el ectrol
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the se rSfﬁ?mB%ﬁgogﬁdaﬁe ﬂeéncﬂh@e25.pa&idobonghakiéabereh krodes, i-n
addi t | @8pratoehyiva Ly so have the ability to
? P On & baft bt afﬁo g‘& ﬁ chggé" tf?i'% plid relyiney eladfrobdeste have

strongl y,.bon "the - pol'ari za
t acki nEELIOHR %‘r’t‘.i‘??e%%ﬁbﬂﬁﬁggnnpgnarﬂm ihelertammacgme-lavé‘r cap&ditof, Wrhtigr based on
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D norsh SsapteSpSe il OLUTELIE SO 000! 2

al cohoely%(?\%s are s‘ﬂeb%?rat %J‘W?Wo&?ﬁ?’y‘f-% e artwil@gsglmlps to an
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electrode composite is coiled and placed in a case, the
absence of a coiling pressure in film-type electric double-
20 layer capacitors means that pressure is not applied between
each of the polarizable electrodes and the solid
electrolyte, allowing the solid electrolyte (separator) to
separate readily from the pair of polarizable electrodes.
For this reason as well, the separator disposed between the
25 pair of polarizable electrodes, in addition to serving as an
electrolyte, must also have the ability to strongly bond the
polarizable electrodes. In other words, it must have
tackiness and adhesion.
Pursuing their investigations even further based on
30 these findings, the inventors have additionally found that
electrolyte compositions for electric double- -layer
capacitors comprising (a) a polymeric compound containing
polyvinyl alcohol units of general formula (1) below and
having an average degree of polymerization of at least 20,
35  in which compound some or all of the hydroxyl groups on the
polyvinyl alcohol units are substituted with oxyalkylene-
containing groups to an average molar sﬁbstitution of at



5 crosslinkable functional groups have the ability to dissolve a large
anmount of ion-conductive salt because of their high oxyal kylene fraction.
Moreover, the presence in the polyneric conmpound nol ectif dafana20Q4 ger
nunber of oxyal kyl ene segnents over which the ions can migrate 10
increases ion nobility, enabling a high ionic conductivity to be achieved.

These el ecteadtytte T,0m@ 1 (B)0RMm aloit dict il Halckdgrs which al | ows
themto f ' an _excel l ent binder, conponent .capable of firmy

bondi ng | A ke S SO RO o i Sk D TIives s, The

i nvent or s deparitars alaprdissiory 26d HHwtatintd DRomEEc dfpd@ld,t g8 whi ch
have a seJf -5 ). ed?ﬁ?l.r [ ol r. network structure wherei n nol ecul ar
chains on 't eidg%)_ﬁ{/c’?rlerl C i%%n%%‘l}%d é%‘r@e (gse 4 SRR REAHIME ¢ he

t hr ee- 8i mEEstsEHainkeiheo unstiiwotalr eyxefupsa heotey ritre GliAiied thy airssslveki ng

t he above qurgiq_w Gridan2Q ay inkahl.e functional. groups .and which
contain also the above ioq-con%fg{l Ve sal t HEERsE ¢t q:'ti’:all'}lggql
i mproved S e ifeRcHaraus doxeoveat.r ithe premmmsioun tiet her than
crystal li nmlysieai e JonbRd 1A ' W G5 %Lgnﬂgngbf onic .
conduct i vi Eﬁg’ d.a hi %ge t acki ness, naking 25 tthemideal for use in electric
doubl e- | ay} AN PEITRES [ORFEh (B iCIhdhe fiouvd eaR wilgTateat el ectric
doubl ael ayixzrhcrecaamaac Iifomr snodiniivee @fnalﬂliﬁﬁg Tah@ﬁﬂg:rpg{mﬁl% tddiﬂ?;cﬁﬁ‘?lrity ¢
conponent §. gve .QuUt st andj.n er.formance. Accordingly, a first aspect o
the present. ‘i%nevé—%hll%%e 0 Pﬁ%’leg@sleé:rFréﬂé' ertﬂciﬂpé’ﬁgcﬁ?d%ﬁ 6P MFveel®ct ri ¢
doubl e- | ajish daskdinesiss wholudr sadtiemisz etheny tar ifm@id 4301 QP rdsididAend
‘pol yneri ¢ aeRRIURG MRt gl %&p ol _units of eneral formula
(1) CH2 CH ... (1) L in S%I%f@’ fé\#lfg?‘@yi 4% edrl‘ﬁé}%s"r?’?%e% of at
| east 20, 2HF& g ads apdr agadpsdrists ofatsotiader i z diconnwEntaird deste 20,
in whish aQmeodidceeed thlalt Qoilile JHIRYY le 1HAURS A4 R RG] MWW o
al cohol uits are substituted with oxyalkyl ene-contai'ning groups to an
aver age nDFhr- nterpenetrating polymer network structure wherein
molecular chains on the polymeric compound (A) are
intertwined with the three-dimensional network structure of
a polymer obtained by crosslinking the above compound (C)
20 having crosslinkable functional groups and which contain
also the above ion-conductive salt (B) have a dramatically
improved shape retention. Because the matrix is amorphous
rather than crystalline, such solid polymer electrolytes
have a high ionic conductivity and a high tackiness, making
25 them ideal for use in electric double-layer capacitors. The
inventors have found as well that electric double-layer
capacitors arrived at using these compositions and
components have an outstanding performance.
Accordingly, a first aspect of the present invention
30 provides an electrolyte composition for electric double-
layer capacitors, characterized by primarily comprising (A)
a polymeric compound containing polyvinyl alcohol units of
general formula (1):

+CH2— (l:Hﬁn— (1)
OH



substitution of at least 0.3; and (B) an ion-conductive salt. A second
aspect of the invention provides an electrolyte conposition for electric
doubl e-l ayer capacitors, characterized by primarily cofprfRyany20%d a

pol ynmeric conmpound contai ni ng pol yvinyl al cohol units of above general
formula (1) and having an average degree of 10 polynerization of at | east

20, in wheedin aasRGIMD f i*ﬁa r n t he polyvinyl
al cohol wnj tg are supfﬂrt%ltjt%g@v?'t%%o@(ya {/W%ﬁ%%%ﬁ?é%% (ﬁé)%@'%ma?'& an
aver age °' ApPast A whichidopipasnd soneeersall &f tBe hydpxplrgroms cwtibusdlywsyl sal t; .
ropect aoRpIRie LM SR G BrR Lo DR SFowi ot lprase ol ect ri ¢
dou? e- S\bgféutioragfatileast 8,3; and {Bpat win-éadiuelivdayi ng a seni -inter penetrating
pol ymer net u re,.whergin pol ecular chaing.on the polyneric 20
conpound ser%?%gcgé&a%%ﬁﬁggoﬂgoﬁ%ﬁtlﬁyﬁPglPHtBF?Kﬂaﬁﬁ fth the

t hr ee- dfhePETohate neompokitioncfareebéchrpol goableshagined by crosslinking

the co i 86LYI N o) n Lping,the
I on--conductive sél?hgg?g?%%fzggOggoéggﬁgg%%ﬁeg?ﬁgggggﬂg ?éur?h aspect of
the i nRMYBHEHF ovemRuURd pedREaablg. pobyetnyddelechamlnynibsposi tion for

el ect riabaiashyendBYBr foFRRBS] %py San@MRERELET 5§6§Y§%ﬁ§{ai ggp?égo@grmr i sing

(A), a merj ¢ conpound contal ni ng pol'yviny above

gerd&r al‘p‘ﬁ&?ﬁmﬁz?‘i}‘) e h%‘ai%@?ssnﬂgve%ag@ha@@r gamppungd gemgneri 23di on of
atI ! eagﬁ 2'3&16 iy b oL O@Jﬂ@@y@doﬁoﬂlﬁ‘eb t_?p?ﬁjg{rip?% &héo?tﬁﬂ{aﬂhs%t&léps_ on the
pol yvi caho, if.s are .. Spbstitu . WL oxyal kyl ene- cont ai ni ng

gr oups A ave‘%%é‘gl Et%m ¥k ???D‘??Bﬁaﬁ?lﬁ? QEéEP-SOFQ; AppAVETAGLye

sur f ac @ %% syl et tutiomnof (&) beawhdbicBi veBmaar iah-coductivéanuary 2004

ATt Iscaspedin®l (¢ el QuifBlnd PLAVLISrBBOL AELERE! RunBlechbgde: formi ng

conposi tion for electri ayer~ capacitors, characterized by
pr i-Rar i S prising (A a

A third aspect of the invention provides a solid
polymer electrolyte for electric double-layer capacitors,
characterized by having a semi-interpenetrating polymer
network structure wherein molecular chains on the polymeric

20 compound serving as above component A are intertwined with
the three—dimensional network structure of a polymer
obtaiped by crosslinking the compound serving as above
component C, and containing the ioh-conductive salt serving
as above component B.

25 A fourth aspect of the invention provides a polarizable

electrode~-forming composition for electric double-layer

capacitors, characterized by primarily comprising (A) a

polymeric compound containing polyvinyl alcohol units of
above general formula (1) and having an average degree of

30 Ppolymerization of at least 20, in which compound 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; (D} a large surface area
material; and (E) a conductive material.



pol ymeri c conpound contai ni ng pol yvinyl al cohol units of 5 above general
formula (1) and having an average degree of polynerization of at |east 20,
in which conpound sone or.all of the hydroxyl groups oh’ $#aRHEIRA nyl

al cohol units are substituted with oxyal kyl ene-contai ning groups to an
average nolar substitution of at least 0.3; (C a conmpound having 10

crosslinkabl e fau -en UpSs, 3 S a area terial; and
(E) a cond cti%éﬁﬁgFgr?EPgbﬁAg?xfﬁglégg%ﬁiggntﬁéEFﬁ§8ﬁtFoﬂ°g%8§F8§§ea
pol ar i zabPdectrader§aemingdgemnonytiont Eny ehecpuliar doable-thgerr ode-

form ng compasiitiose achardonrhoetnByapeyfiabouy! Bofprikihft tx)agpect of the
i nvention onto a.current collector. A Seventh aspect o e‘f'nvéntion
provi des EF-EPEEEF EOMBOUBAe CPRYBANAREaRPLEV iBBADALEPhGLlaupiks OF

pol ar i zabkbovel gehendds foitnila $Q9a&ﬁﬁohaékﬁﬁgéﬁgggggﬁgggﬁz Eggegfas he

characteri L0 t he _.above--described ele

pair of pgﬁggp%gﬁ%g%ngcPFoagsEﬁﬁﬁ%tﬁQ'SéBaWB%GP CPEPEBRBoSEHEOPTaall
separ at or ofubber hydrorgilegnatpd wvht bhanpolgti AeNdETELME1 Saht t60Rka i Ng
sol uti on. ks as t _pvention.provides an electric
double-Iasg?sggggggggﬁgggngg%gﬁg 1gnSéFPng?l§6P8r9585P§ gg BRecBVPEASE with
a separ at BPlarspybegitnsiebeofieah, leaktr cBer (€edai competinhBaving
aboverdeserbbedinkasl LOd8acRE S th aLr-Q 0] l.zabl e_el ectrodes
and the seg%ratéi IS congggggng? gggg gfaf%? éu%g%?gtéaégéégdag?a

i npr egnat B Chit-BHh i t ARdef et RorpREUEEAPOSMRLeriads el ectric doubl e-1ayer 30

capaci tors of AheiabnvasﬁééﬁtoﬁrtﬁécﬁﬁéeﬁﬁﬂéﬁtpEBVFﬁé EN¥ERLERY ApAen! NLH
' doub e-Fayer capacl tor

_aspect of N Nt | rqvjides an.electric
;anprisineigsggﬁggogkgng?gzhglangiﬁgtFBﬁeEOQFFﬁZ§b§§p§lQF5F°GESposed

t her ebet weBHN1Bg chmpasitionedccorfibhay tbetRbosbod8SEhizbEH elkeelredes are
used gS t{8pRaLI off | agi e rodes_and.the. separator is a solid
pol yner eIe%troI?tetﬁg gé¥%%9k§§eéﬁg§ h%uFrﬁathﬂﬁ;?§%?604 electrol yte
conposition fof Bf¥eRtRcasBasteofaybe énpastionsprovides an electric

double-layer capacitor comprising a pair of polarizable
electrodes with a'separator disposed therebetween,
characterized in that the above-described electrodes are

20 used as the pair of polarizable electrédes and the separator
1s composed of a separator substrate impregnated with an
ion-conductive salt-containing solution.

An eighth aspect of the invention provides an electric
double-layer capacitor comprising a rair of polarizable

25 electrodes with a separator disposed therebetween,
characterized in that the above-described electrodes are
used as the pair of polarizable electrodes and the separator
is composed of a separator substrate coated or impregnated
with the electrolyte composition for electric double-layer

30 capacitors of the above first or second aspect of the
invention.

A ninth aspect of the invention provides an electric
double-layer capacitor comprising a pair of polarizable
electrodes with a separator disposed therebetween,

35 characterized in that the above-described electrodes are
used as the pair of polarizable electrodes and the separator
is a solid polymer electrolyte layer composed of the



of the above first-aspect of the invention. A tenth aspect of the I nvention
provi des an electric double-layer capacitor conprising ,a pair

pol ari zable 5 el ectrodes with a separat or disposed t hel &8 ‘ﬁﬁ%%004
characterized in that the above-described el ectrodes are used as the pair
of pol arizabl e el ectrodes and the'separator is a solid polyner electrolyte

of the | o RgEntroRe rneosERRY, 10F CefErbHe Wl b haldl Saalilbodgrect

" C- NMVR sp@ﬁtthﬁ1@bOVﬁefdnhydaﬁqutopﬁlam@dummﬁwwlmvl al cohol prepared in

Synthesis 15 h n
the-1nvention Exﬁgﬂ%ﬁv%ﬁ |%% ?E g%%c%?ﬁe £ #Q??dé%e?é§§i¥%e e ectrolyte
conpositi@ﬁgbiﬁrléYQEt@ﬁEa@bﬁ%¥e0¢@9@¢Si@® @a@@%rt sbetaxhsabheenti on have

the fol omeetf:baéb Qithsaceeﬁafeﬁoefdfeﬂééé&uer@éréﬁa’@@@@ﬂtS The first
el ectrol yt primari | Lﬁa pol yrmeri ¢ conpound

ed
havi ng ox?ﬁ?ﬁ?? ﬁElﬁﬁﬁlﬁnbE%FFnEhep%P9V?h9?s%F%%%@Ie FEE0deRE¥B) an

Iop-cop?uuseﬂeasathe ﬁélthfSQGDﬂﬂlﬂgﬁﬁér@i&é@r@@?ﬁo?hﬂl@Hehéeﬁ@%@@éﬂd
primrily, nmeric_conpo ayi ng_ox ne, . chai n- beari ng
ol i nyl 181 2oftEanPoLPRes e TRAPERERater Po EXER(Y. e ECFREeE ompound
'having crcepacmkabseabunrﬂingato theupbov80tHibedf aspectl eft theyte

conp QH %HE ighectric double- layer capacitors of the invention is
desc The pol'ymeri c conpound serving as conponent A contains
ponvrnyI al cohol units and has an average degree of pol ymeri zati on of at
| east 20, preferably atglfastpe 4 y at | east 50. Sone
or all of the hﬁdroxy roups on the polyvin ol units are
‘sgbstituted wi FAC o}yaFk%P@neCcHWFaFHPH§r§WOG% th-‘Phe upper linit in the 17

January 2@0f8yavexgsgecgelneedopopebyaeli 2atbnoli prepateaabhysyathiegher
15 Example 1 of the invention.

e ode f ing Out the Inventi

The invention is déscribed more fully below.

The electrolyte compositions for electric double-layer

20 capacitors of the invention have the following first or
second set of constituent components.

The first electrolyte composition is composed primarily
of (A) a polymeric compound having oxyalkylene chain-bearing
polyvinyl alcohol units, and (B) an ion-conductive salt.

25 The second electrolyte compdsition is composed
primarily of (A) a polymeric compound having oxyalkylene
chain-bearing polyvinyl alcohol units, (B) an ion-conductive
salt, and (C) a compound having crossiinkable functional
groups. '

30 The first electrolyte composition for electric double-
layer capacitors of the invention is described.

The polymeric compound serving as component A contqins
polyvinyl alcohol units and has an average degree of
polymerization of at least 20, preferably at least 30, and

35 most prefe;ably at least 50. Some or all of the hydroxyl
groups on the polyvinyl alcohol units are substituted with
oxyalkylene-containing groups. The upper limit in the



than 2,000, and especially no higher than 200. The average degree of

pol yneri zation refers herein to the nunber-average degr

pol ymeri zation.” Pol yneric conpounds with too high 5 a dé gﬁ ‘¥N2004

pol yneri zati on have an excessively high viscosity, making themdifficult
to handle. Accordingly, the range in the degree of polynerization IS

f bl 5 t The. ab | cohol
i 1o itV 50 Foabte e PIBARRH fathit e e SR P el The.
fol | owi ngtlwne'z 2000 f oamdi| @spdgiatl PHre -hier . thdrl)200. n The lavdmagell a (1),
the lett bl
atel e:st%O&ﬁe&Epé)gfﬁ&%ﬁP 81;‘6£3€éi|(9é %%e%%??%?y noarﬂﬂ“%&s c—f é&fl 800?/
and espedegresy 9B mbﬁ@@rmehlczmo Polymenightympeivads agemstmmrhigie
~ pol yvisnyl 5 ah&nad of'%élfxﬁé‘fﬁk&i:ﬂ@npﬂwém&ﬁceOu?é@é’i% ¥go as conponent

A of the inventive conposition to be a hono 0 satisfies the

above rangES$eIHe, HRELYS %@Pe@lﬁﬁic%tyﬁ%rhé%@l%n a&ﬁP?FﬁWﬂlﬁh t he

fraction tie mizyga nh tiaé C@é@fe@nbf Spbyhéei 7@t £snl £5 |ﬁ$ré1fei:&'@ 5 Hofivl %
However , & aﬁ @I so _be nmmde of, wi thout particul ar m tation, polyvinyl
al cohol t=Lon? Wﬁ?@ﬁﬁ5+9nBP?E325 conpounds which satisfy the above

range in the aﬂmea@bovdegobgvmﬁypohyﬁahbzamhnﬂsaﬂﬂk@aup theobyakivyhe al coho

R i R T L e S S

hydr oxyl #powpkaofill he 30 pol yvi nyl alcohol have been converted to fornal,
nodi fi ed polyvinyl alcohols in which some of the hydroxyl groups on the

-pol yvinyl al cohol have been aI%g ed, polyethylene vinyl alcohol),
‘partially saponified %I zny Efate, and "6t H&) nodified pol yvinyl

‘al cohol s. 17 January

In formula (1), the letter n is at least 20, preferably

-at least 30, and most preferably at least 50. The upper
15 limit for n is preferably no higher than 2,000, and
especially no higher than 200.

It is highly advantageous for the polyvinyl alcohol
unit-containing polymeric compound serving as component A of
the inventive compbsition to be a homopolymer which

20 satisfies the above range in the average degree of
polymerization and in which the fraction of polyvinyl
alcohol units in the molecule is at least 98 mol %.
However, use can also be made of, without particular
limitation, polyvinyl alcohol unit-containing polymeric

25 compounds which satisfy the above range in the average
degree of polymerization and have a polyvinyl alcohol
fraction of preferably at least 60 mol %, and more
preferably at least 70 mol %. Illustrative examples include
polyvinylformal in which some of the hydroxyl groups on the

30 polyvinyl alcohol have been converted to formal, modified
polyvinyl alcohols in which some of the hydroxyl groups on
the polyvinyl alcohol have been alkylated, poly(ethylene
vinyl alcohol), partially saponified polyvinyl acetate, and
other modified polyvinyl alcohols.

-10-



Some or all of the hydroxyl groups on the polyvinyl alcohol units of the
pol yneri c conpound serving as conponent C are substitu ﬁ? W th
oxyal kyl ene-contai ni ng groups (noreover, some of the hy FV%W%%B on
t hese oxyal kyl ene 5 groups may be substituted with hydroxyl groups) to an
average nolar substitution of at |east 0.3. The proportion of hydroxyl

bstit th t ' f bly at
Peast 30 mol  oRORR(Shoraf ¥Er s RYaf SRy ndian %l B35 Beliibteler 2ge
mol ar subélcoholounitﬁgoﬁahh@epdhymenimembmﬁuum@cwmﬁ¢£hg aeastmpogehbe
wei ght OfCthepgﬁﬁgffgﬁtééCQEE$ %%%iﬁ§f£€' é*f?ﬁ@ﬁ%&tqﬁfgﬁgf L@i?f;on

product.- Let us consi for "exa
react ed WIPATe@YHy| epemexddethanaydhegeri gmms)fom hthess ubxymgkyléne PVA

der i v | VerbipdSdly BUCHENE: #0ktSa R en WFaLOEOY ol ERCHLGRY) -, and so

their unit ecular wei ght e ob alned as the
reaction PYeHELEE, Mehar - eubs i bubionnof hat oteashal - 3 ( CHPIBRI( BEpPOTrLhORS have

becone - Oof(ﬁ%ﬁﬂiﬁ?ingr@ﬁﬁslp&nbéﬂﬂtﬁﬁe& h@i £ dxPRIRFUL AL - ¥6Hh 88 n Phgt he 20
reaction §r§dUCt s_44+44 Because the increase in_weight aSSOCIated wth

the react PoR %% +§p?5§£ﬁ¥% l%yaﬁ4 eashed0 BeLuf at 704 m%r%aPFﬁgﬂréh%Yas
foll ows. PVALENAL dBOimaliye = 44/ (44+44n) = 10 g/15 g 25 440 + 440n 660 n

Chi's Mol o ner oy FearadB Rl it et Cetthdh oD Sapopr: derermitag: i

val ues suew ﬁgcﬁh@tqhﬂnneaquninguhheaweeghEN@funhesPonyvmnymthcuheland t he

Spooi f1 e argpl i WA N IRLTe  BhA HRBECISN SpSanfEr, pPBeCRR” 10,y

"OH OH OH gpnsider, for example, a case in which 10 g of PVA is
reacted with ethylene oxide, and the weight of the resulting

15 PVA derivative is 15 g. The PVA units have the formula -
(CH,CH(OH) }~, and so their unit molecular weight is 44. 1In
the PVA derivative obtained as the reaction product, the -0OH
groups on the original -~(CH,CH(OH))- units have become -0-
(CH,CH,0),- groups, and so the unit molecular weight of the

20 reaction product is 44+44n. Because the increase in weight
associated with the reaction is represented by 44n, the
calculation is carried out as follows.

. PVA/PVA derivative = 44/(44+44n) = 10 g/1l5 g
25 440 + 440n = 660
‘n = 0.5

Hende, the molar substitution in this example is 0.5.
Of course, this value merely represents the average molar
30 substitution. That is, values such as the quantity of
unreacted PVA units on the molecule and the length of the
oxyethylene groups introduced by the reaction cannot be
specified in this way.

-11-




OHMs =0 unit M5 =1 unit M5 =2 units Average Ms = (0+ 1 +2) /3 =1
a+13+y' 1 Exanples of suitable nmethods for introducing

oxyal kyl ene- cont ai ni ng groups onto the above pol yvi nyl TAP@yey 2004

uni t-contai ni ng polymeric conpound include (1) 5 reacting the polyvinyl

al cohol unit-containing polynmeric conmpound with an oxirane conpound such
as ethylene oxjde, and (2) reacting the pol yvinyl al cohol unit-containing

pol ynmeric co s alhé e c nd_hgaviing a
hydr oxy-reactive s%bs&$a ent gﬁﬁhe hﬁ.ﬁlo rgﬁgbov ﬁ%a_ﬁod (1), the
oxi rane conpound nay.é any one ordg I nation sel gcted from anong

et hyl ene oxide, prop ne oxi de an grgcidol. I f ekhyl ene oxide is reacted
in this case, one or nore oxyethyle%% chain is intrpduced 6ftoytHe

pol yneric compound 15 as shown in the follow ng foNmla. PVA-- (CH2CH20) a
-HlIn the formula, the letter a is pr@Herably from 0to 10, and nost
preferably froml1l to 5. If propylene oxide is react i nstead, one or nore
20 oxypropyl ene chain is introduced onto the poly ﬁic conpound as' shown
bel ow. PVA-(CH2CHO b -H I CHs 17 January 2004 In the fornula, the letter b

is preferably fM8n=10tu@itl0, anMsS eostunfiref er apisy=fpapnsl to 5. And if
glycidol is reacted, two branched chains (1) and (2) are introduced onto

t he conpound, as shown . Reggtion hydy oxyl group on the PVA
with glycidol can progggéggﬁﬂgith r+o?'t%%)aé§§:{a attack or b attack

The reaction of one glycidol nolecule creates two new hydroxyl groups,
each of which EdamPhesuph sadtabhptmethods for introducing

oxyalkylene-containing groups onto the above polyvinyl
alcohol unit-containing polymeric compound include (1)

5 reacting the polyvinyl alcohol unit-containing polymeric
compound with an oxirane compound such as ethylene oxide,
and (2) reacting the polyvinyl alcohol unit-containing
polymeric compound with a polyoxyalkylene compound having a
hydroxy-reactive substituent at the end.

10 ‘In above method (1), the oxirane compound may be any
one or combination selected from among ethylene oxide,
propylene oxide and glycidol.

If ethylene oxide is reacted in this case, one or more
oxyethylene chain is introduced onto the polymeric compound

15 as shown in the following formula.

PVA—(CH,CH,0),—H

In the formula, the letter a is preferably from 1 to 10, and
most preferably from 1 to 5.
If propylene oxide is reacted instead, one or more
20 oxXypropylene chain is introduced onto the polymeric¢ compound
as shown below.

PVA— (CHZ?HO)b —H

CH,

13-



glycidol. As a result, the two follow ng branched chains 10 (1) and (2) are
i ntroduced onto the hydroxyl groups of the PVA units. &/attack %/EQCH
cn70H PVA--O (CH2CHCH2O)-H b attack OH PVA- OH O-~OH A@@aﬂzg CH20) - H
CH2OH PVA-OH : hydroxy group on PVA unit 1) -- (CH2CHCH2O X--- 0O 2) - (i
HCH20 y - CH20O In branched chains (1) and (2), the value x+y is

pref er abl ¥, f , r.eferabl y. fr 1 to0 5..15 The ratjo of x
toyis n%?ilgﬂ%%%@éﬂr?y étg‘gejc%%l? %I%%(Rf@#e%ﬁﬁ%MH cfagirh's ‘—W‘i hin a
" range of MRt EEeierabky OfWom I'heo rReacti on of the pol yvinyl al cohol

uni t - cont ai ni NGy P Wl | t ' e conmpaund. can be
carried out usi ng%ﬁ%ﬂlﬁlcata yge%%%aﬁ%%%%ﬁ (ajgr}facf&s @é pagl(gssi um
hydr oxi del ®t 3% BrtReduerd entqchempuweind - 18 Shaemizlow004 The

reactison of poteadidn 3£ WUy dhd:H 0! Jd@lP! od ScndgsEl i‘ﬁ%&bﬁ%ﬂan

illustrative exanple. First, the Treaction vessel is c sol vent
and pol YWY IPTeFeshol? §1ther R Biamyst i atiack £ § erttamk pol yvi nyl
5 al coholThe xbssoise of dhe FOfYRE MdBdciTe diatdd Yid ey @l cohol may
be prese i | vent either_in a uniformy dissolved state or in a
suspendeg{%éf;?’gfgﬁ?%%’ a%%to%qunéﬂba%% IR Teagle W aqueous

sodi um hyafkysddiel . | SAsicleckswhid, sthe riego ffrl Towiid daichddihsaigit i on,

foll Q@i n ity [ ' ith.a solvent js added. Reaction is
carried g(u]\fmat a ﬁv%ﬁ/‘tgeﬁgéeﬁﬁ‘ﬁége‘f%‘?%ah%%é?? %‘R@f% TFOURT - %PEE er which

the pol yE¥WyIUiieohol is renoved. If the polyvinyl alcohol is present
within the reaction mxture in

a attack

TN
PVA—OH k?\/OH — PVA—O— (CH,CHCH,0)—H
b attack

.{/,——\3*
PYATOH AN —> pvA—0— (CHCH,0)—H

OH

CH,0H

PVA—OH : hydroxy group on PVA unit

™

1) —-(CHZ(IZHCHzo)x—-—
O__
2) —((IJHCHzo)y——
CHzo_'

In branched chains (1) and (2), the value x+y is
preferably from 1 to 10, and most preferably from 1 to 5.
15 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.
The reaction of the polyvinyl alcohol unit-containing
polymeric compound with the above oxirane compound can be
carried out using a basic catalyst such as sodium hydroxide,

20 potassium hydroxide or any of various amine compounds.

~13-



undi ssolved form it is separated off by filtration using a 15 gl ass
filter, for exanple. If, on the other hand, the polyvin al cohol is

di ssolved within the reaction mixture, it is preC|pltaﬂida@ﬁ¥yg@@%olution
by pouring an alcohol or other suitable precipitating agent into the
reaction m xture, follow ng which the precipitate is separated off 20

using a gl ass $%Iter or.the Like, The podified. polyvin al cohol product
is purified bylBPsEBRGFIOR PR RRL¥Vinwb 2ieehohtvitt %ﬁﬁc%ﬂ?%e%spassage

]Ehr ough gﬂesOﬂle@CbﬁmGﬁdaﬁegnnlDlthﬁét’:Ev% eifuepp@.r: frfﬂsﬁr?ﬁmg :s tﬂen
reeze- ivin L' hydr oxypropy] at e vi nyl _al cohol . n the
reaction, £#§gtﬁ§PaVe ?}olBeF Eégéhgxtgl?v?%@angl%%ﬂoPoﬁﬁﬁlFﬁ oxi rane
conpound adcpheler abtyid: 16t asdentbal pnefniabbasé Por ihe poly@xuylkylene
conpo a.hy a ue t he d us bove
method ( 2iiaeloL eV I REIILETEY Ko SNRFOREYC TRAL 13) BB t88d)m - -
I n fornul@aleo Oltm@YlbetEreﬁenépleSEhessalwenbveihher smbstunmﬁqrmh§V|ng
react | vitaiskbiivbidseavl gEOURSa shé%&ﬁ&é&t Y&t sxaf@'gfvéﬂcmﬁnfsgfyanate

gr oups, goxy 35 ¢g rouE car ch | ori r oups
groups, @anPagigreabe! Yﬁﬁboﬁﬁﬁhaﬁénﬁqgﬁeﬁsagoﬂiﬁmrhﬁ@robléﬁwnésaﬁddei4 17

January 28R4 @ﬁiﬁfeaefoﬁlhlﬁﬁﬂi@eﬂﬁtagtﬁfécébiﬁtﬁeﬁstféyﬁaﬁingawﬁlehher
nonoy&}ent SUbi %t g 8a§ ghe of eactln with_hydroxyl . groups. O
t hese'l i sHLYEAT? é} BE? 2478 ﬁgntaﬁ addgd. chB%@?HéOBrbﬁps are
preferredcanrleaeoutraacalnggn ﬁeﬁbérﬁﬁﬁbéxfbrgﬁoyﬂvéﬂYléhgﬁhbefan acid
anhydrldetlmgreg rou are ﬂ ter and et t
. gr.oups. fesfé%FSU|§éﬁlgg§| gggﬁlﬁgge? éo?ggc?Fvﬁ nevs fltgg géelnclude
;substltueﬁ@%YﬁhnthaléﬁhbhaisSprbaentswikhgnoubs ré8cThen hmilrbuyer éact i ve
group, 5U§Hd§§sb§9§daﬂéiﬁ Ok ¢ EEO§¥paE§¥eﬁeonngﬁdfgiEfﬁ££¥ntHSEHS a
oxyalﬁylenf groug 20
a lter, for example. If, on the other hand, the
polyvinyl alcohol is dissolved within the reaction mlxture,
it is precipitated out of solution by pouring an alcohol or
other suitable precipitating agent into the reaction
mixture, following which the precipitate is separated off
20 using a glass filter or the like. The modified polyvinyl
alcohol product is purified by dissolution in water,
neutralization, and either passage through an ion-exchange
resin or dialysis. The purified product is then freeze-
dried, giving a dihydroxypropylated polyvinyl alcohol.
25 In the reaction, the molar ratioc between the polyvinyl
alcohol and the oxirane compound is preferably 1:10, and
most preferably 1:20.
The polyoxyalkylene compound having a hydroxy-reactive
substituent at the end used in above method (2) may be a
30 compound of general formula (2) below

A—R0), —R’ Q)

In formula (2}, the letter A represents a monovalent
substituent having reactivity with'hydroxyl groups.
Iliustrative examples include isocyanate groups, epoxy

35 groups, carboxyl groups, acid chloride groups, ester groups,
amide groups, halogen atoms such as fluorine, bromine and

-14-



or through, for exanple, an intervening oxygen atom sulfur atom carbonyl
group, carbonyl oxy group, nitrogenous group (e.g., NH,_N CH3) -- , N
(C2H5) -) or SO2 group. Preferably, the 15 hydroxy-reac??*@“@ﬂb 4 s bonded
to the oxyal kyl ene group .R20 through an intervening group such as an

al kyl ene, al kenyl ene or arylene group having 1 to 10 carbons, and

i al l ) ' t hi
Eybe of | Jpiokthe SELERN USRS S Sho P SR (IS RS PR 19, S
react i ng RRASV R reiles tokprnkriscapable ¢f dresgt irg dvigelo gy dooral

| | : - ' h d
pol yoxyal deyd@he. grw&héééFyﬁ%%ﬁ%pqmé,”%@mé aln dYcPg use

in this case 1 nclude conpounds vin ! ( ate groups on the
nol ecul e, PRI IO HILRURS| IF @ R GF e afrr ethedar yreaetiNitpcyanat e,

napht Byl ene ditiso Cyansdgy1 dhphen hapt Hes6 1l | SOV @t ShnPhrEsy! ene
di i socyanate dlé)iwen | ether diisocyanate, tolidine_  diisocyanate,
hexanet hy%%eﬁ Lokt FUMRE | AepHEF Bl eften M R BYFRSEER e, use

can be megisoups corﬂimnt]._d]se200 6%5@&&2@51@%@1%&5&?:5@@%@ 0?@&&'@}%@ :_\)%Vl ng
reaction. 4 - In the fo , s an
oxyal kyl esn&egsgtrjlget}%&gﬁls 2" 1?%1{‘% cé%%ﬁr%,u%@ﬂgf‘%%”bq TR g%d'ge‘); CH2CH2O-
- CH2CH2 CHRX(®H 1grow@2CH (CH3) O - , -CH2CH (CH2CH3) 0 - and - CH2CH2CH2CH2O
. Thggl etter r t : f s of . kyl.ene group
t hat gre addef'i’[.lﬂg'l'hllﬁgdi nu elrse% a‘g%g%?ér%ﬁ'es&?‘]fg ?% léb?%f%é% yé/]lf‘r om1lto
100, and SRFFY prederkm| Rondesh dixectly orthe topypbkybsayal aydemeR€hai n
representgd Eyrddgh, amyeeigﬁﬁm,a AN £ F-9e D94 &f&&&a&bﬁma et yeLhyl ene
~glycol 10 chain qagqtégro ene gl col chain or aﬁgglyet yl ene oxi de
“(EO / pol VDT By | FHTPRY ’(?@/' c FOXR IFOUR h L BT QHRROYT cPEYRP
nol ecul ar(eveg ghtNID+, tHECEs, )pQl WIG/H], k) ene sdagisubs Ppireferablly,f roe 100 to
fégggsofQ%Hgﬂﬁ%y§%§§é§§§&yg%%&S'fstQSnd&E'QQtfﬁ¥e3§§§1ﬂ§ §§€'§£oﬁﬁ'ght

R°0 through an intervening group such as an alkylene,

alkenylene or arylene group having 1 to 10 carbons, and

especially 1 to 6 carbons.

Examples of polyoxyalkylene groups bearing this type of

20 substituent A that may be used are the products obtained by
reacting polyisocyanate compounds at the hydroxyl end group
on a polyoxyalkylene group. Isocyvanate group—béaring
compounds that may be used in this case include compounds
having two or more isocyanate groups on the molecule, such

25 as tolylene diisocyanate, xYlylene diisocyanate, naphthyvlene
dilsocyanate, diphenylmethane diisocyanate, biphenylene
dilsocyanate, diphenyl ether diisocyanate, tolidine
diisocyanate, hexamethylene diisocyanate and isophorone
diisocyanate. For example, use can be made of compounds

30 such as may be obtained from the following reaction.
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15 which the conpound is liquid at roomtenperature. R3 in the above
formula is a capping noiety for one end of the chain. I?is repé sents a
hydrogen atom a substituted or unsubstituted rmonoval ehf J#HAY on group
having 1 to 10 carbons, or a RACO group (wherein R4 is a 20 substituted or
unsubsti tuted nonoval ent hydrocarbon group having I to 10 carbons).

Il lustrative exanples of the substituted or unsubstituted nonoval ent

hydr ocar bon groups, havi | to_ 30 carbons that may be used as the capping
moi ety include al ""?Qgg»mﬁﬁéRsuch as nethyl, ethyl, propyl, isopropyl,
butyl, 17 January 2004 issobutyl, tert-butyl, pentyl, neopentyl, hexyl,

cycl ohexyl, octyl, jecyl ; aryl groups such as phenyl, tolyl and
xylyl; aral kyl gr 8¢ N @henylethyl and phenyl propyl ;

al kenyl groups suc v, X , % openyl, 5 isopropenyl, butenyl
hexenyl , cycl ohexenyl and octenyl; and substituted groups in which sone or
all of the hydrogen atgms on the above groups have been substituted with

hal ogen atonms such as uorin brom ne or chloride, cyano, hydroxyl,
H(ORZ), - (wher ei.noR I ing 2 to 4 10 carbons, and z is an
integer from1l to 100), 1 ho, m noal kyl or phosphono. Specific exanples

of such substituted grdups include cyanoethyl, cyanobenzyl, substituted
groups in which cyano i ¢ bonded to, ot her al kyl groups, chloronethyl,

chl oropropyl, bronoeth nd rifluoropropyl. These may be used al one or
as conbi nations OCN EMF{Lmﬁkngaﬁdﬁhlent hydr ocar bon group
is preferably one havi fromi‘to B |lcarbons. Illustrative exanpl es of

R4ACO- groups that may be used as theQ@apping noiety include those in which
"R4 is a 20 substituted or unsubstituted nonoval ent hydrocarbon group.
Preferred exanpheshef f&4muba| UR® alkydn arxydlkylerss afisup Whi ch tays be

substituted. wiih' c y% groups, . benzoyl r S aqg Q%P nzoyl
groups. T erreagfi§%gﬁﬁl%%t %dwﬁﬁgﬁb%?ﬁggﬁgtﬁgga e-de E@%@@ 28 '
CH,CH(CH,)O-, -CH,CH(CH,CH,)0- and -CH,CH,CH,CH,0-. The letter
5 m represents the number of moles of the oxyalkylene group
- that are added. This number of added moles (m) is

preferably from 1 to 100, and most preferably from 1 to 50.

Here, the polyoxyalkylene chain represented by the
above formula (R?0), is most preferably a polyethylene glycol
10 chain, a polypropylene glycol chain or a polyethylene oxide
(EO) /polypropylene oxide (PO) copolymer chain. The weight-
average molecular weight of these polyoxyalkylene chains is
preferably from 100 to 3,000, and most preferably within the
welght-average molecular weight range of 200 to 1,000 at
15 which the compound is liguid at rdom temperature.

R’ in the above formula is a capping moiety for one end
of the chain. This represents a hydrogen atom, a
substituted or unsubstituted monovalent hydrocarbon group
having 1 to 10 carbons, or a R'CO- group (wherein R* is a

- 20 substituted or unsubstituted monovalent hydrocarbon group
having 1 to 10 carbons).

Illustrative examples of the substituted or
unsubstituted monovalent hydrocarbon groups having 1 to 10
carbons that may be used as the capping moiety include alkyl

25 groups such as methyl, ethyl, propyl, isopropyl, butyl,
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25 pol yvi nyl al cohol unit-containing polyneric conpound and the

above- descri bed pol yoxyal kyl ene conpound having a hydroxy- reactjlve
substituent at the end may be carried out in the sane ﬁiHWEF"%26Q%e
reaction carried out with an oxirane conpound in nethod (1). 30 In the
reaction, the nolar ratio between the polyvinyl alcohol and the

pol yoxyal kyl.ene_.conpoyn avi ng a hydroxy- reactiye sybstituent at. the end
i s pref er:'a%cflvﬁﬁjo‘m% L%'S’éﬂy\é '28),3%%' 'nﬁse%gpﬁnngyjr'agﬁeﬁ‘y 'orﬁyfaf ¥t 10. The
st ruct ur ety henquotly rnd @exyripo widy Iofgridugs3 suohy &y iphienvl Wiodlyl

oxyal kyl enes I ni rqups. have been _ introduced.ont |_wvi al cohol
units can %%}lﬁf'i ea&gd&g‘y%ﬁ%ﬁf fﬂﬁ? raﬁsg)w.y orph&gﬁpe&gl, saq%/‘i]ovm I n
FIG 1, tptenylpzong;y dt@Ehy13Cidp s st wa VOB, s @ddiyrlumprsgsanld, usi ng
a Vari.an . :&QQ]I\/R 0 it h.. .

di hydrf’oxy%gigpplgl atég{'poi yv%%%'ﬁe%%n#'prﬁgﬁeﬁe}c d|“r?13g}$1gep Ily'viar%

al cohol vi#uls G Huledgnqumsudes Weals same Py alidd o gduk hfdgrogen

t he. di hy df QTP W dHR%e Yrldigia it fWain it ol Pl O hbdd gy Lo
whi ch the oxyal kyl ene chai n-bearing polyvinyl alcohol unit-containing
pol yner i B otlih 5 iliprine c e Q@ chlrrife i (M on cont ai ns
oxyal Ky| engidddkgl OUPORAN- besitiet & kfed ¢ aint Rilkylase Beivitig & itelst

anal ytical_t.echni ques such as N\VR or_ el enent al sis,, although a nethod
of déler iR (b]EHEdZ& orr tHe Wel\‘d? r o"lfror? ﬁeatp%w ARG as a react ant
and t he iamiresskkyh owipflisphoind he §dgiic faxangelldy dihesuadaction is sinple
and 3. 5. ' J ' y 1ned by precisely
measuri ng go%%%ﬁﬁﬁ%ﬁ%ﬂ}?%%dp%:&Eﬁl@%ﬂlﬁoh at un%i-%jg'nt ai ni ng

- pol yner i csehgipblune & reprns i in othich rezano oie  Rondedctawd ger orlkTik

oxyal Kyl efotfURsPESF SO RRL Y K rogt G0 BHRbtho S 21 dhdg pol ymeri ¢
conpound obt aj ned fromthe 20 reactign, en using this difference to

cal cdffat EXHe NQRRRRIRTL of TGS KARMRE seha e ¢8RS HedRPingtbeRRed
onto the ol eeal @ (nefertistrd®f herma ahdmsvabenhehy@vesagiton group is

preferably one having from 1 to 8 carbons.
Illustrative examples of R*CO- groups that may be used
as the capping moiety include those in which R' is a

20 substituted or unsubstituted monovalent hydrocarbon group.
Preferred examples of R* include alkyl or phenyl groups
which may be substituted With'cyano, acyl groups, benzoyl
groups and cyanobenzoyl groups.

The reaction in method {(2) between the above-described

25 polyvinyl alcohol unit-containing polymeric compound and the
above-described polyoxyalkylene compound having a hydroxy-
reactive substituent at the end may be carried out in the
same manner as the reaction carried out with an oxirane
compound in method (1).

30 In the reaction, the molar ratio between the polyvinyl
alcohol and the polyoxyalkylene compound having a hydroxy-
reactive substituent at the end is preferably from 1:1 to
1:20, and most preferably from 1l:1 to 1:10.

The structure of the polymeric compound of the

35 invention in which oxyalkylene-containing groups have been
introduced onto polyvinyl alcohol units can be verified by
C-NMR spectroscopy. For example, as shown in FIG. 1, the
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nol ar substitution,” or "MS"). The average nolar substitution serves here
as an 25 indicator of the nunber of noles of oxyalkylene groups t hat have
been i ntroduced onto the mol ecul e per vinyl alcohol unffJanuysrt &40l yneric
conpound of the invention, the average nolar substitution nust be at |east
0.3, and is preferably at least 0.5, nore preferably at least 0.7 and 30

t f t t t I d th
et ape noramiat BberfRtn, folert ReREktuf JafaetPel! unituer Vaskabovre- " 1"
pLgLe[r$d30¢oﬁMRoapaﬂtammeage,nniam Dganmﬁ|ﬂﬂd|sm1v@my)r©&gktngg }hf and
| 111 |
ooy | SaPhy bR BREONEER! IRy Ot RO Seon el B eRBngY AT
mol ar subB@lYﬁlnﬁh @bq@hdlaW£EhtglmCi@wbl1ﬂe&ﬁ@e$opdikdaﬁmmrEmROQWGyleId

any furthgr ghapge tﬂetafhfﬁ%g92%£5%%f P§§%§i$¥i {nadfgg'EPo@OQHQCt'Ve

salt.and 1s thus pointless aver
polynerlz%%Y%ﬁ olhe oxyal kyl ene chai n-bearing pol yvi nyl al cohol

uni t - contalnlnghe5e99éﬂﬁ9fbcw398HOHﬁQ H§f§lﬁil&ﬁ€p8H§fﬁ ~BeYRIHES 1N

appearance roon1ten$erature (20C) from vi'scous nolasses- |ike
l'i quid topa YrbBELyalophol gnitneem @1%%%9am%4$@%rlaea@@@oamd serving
polynerlzasloampbhenﬁnta)|inqumé|ine§na§oﬁ.é@htﬂlnéabﬁﬁalkyﬁeﬁaft

te-lik I f d t t The
ol yridr 1 B3RS A i v iRbe B R SRR LA, cafBgif TREsEabtoft s aver age
degree of apalyhicatatechnigeesosuah &s5NNMR @pl ghemenbal amsbesian anor phous
pol yner da%e?gﬂe hELRORIGE! 88rBimihar fof has 0l A0F "Efle TREEGHE e Nl N

15 The ox ene chal n-bearin con al' ni ng
" pol ymeric %%nB%hﬁ@eEs@baage@oﬂﬁoﬂen@a¢tantth@d theehncveasanibewpightred as

‘a capped @fdfnéybobﬁaérngorﬂehyﬁ§rtﬂ@rfaaatysnbysCQEﬂbﬂg apge or all of the
hydr oxyl | ecul ¢ (these being the sumo e remai ning 20

r ou
hydr oyl %8 gl??gn1tﬁ8rpﬁﬁ§v?ﬁﬁr Bpﬁoﬁb?l@nmﬁg BRgdehemipatoRY| groups
on t he oxyeééysele-meatarbhggbgthupie weight of the polyvinyl alcochol

unit-containing polymeric compound charged into the reaction
- and the weight of the oxyalkylene group-bearing polyvinyl
alcohol unit-containing polymeric compound obtained from the

20 reaction, then using this difference to calculate the
quantity of oxyalkylene chains that have been introduced
onto the molecule (referred to hereinafter as the “average
molar substitution,” or "MS").

The average molar substitution serves here as an

25 indicator of the number of moles of oxyalkylene groups that
have been introduced onto the molecule per vinyl alcohol
unit. In the polymeric compound of the invention, the
average molar substitution must be at least 0.3, and is
preferably at least 0.5, more preferably at least 0.7 and

30 most preferably at least 1.0. No particular upper limit is
imposed on the average molar substitution, although a value
not higher than 20 is preferred. Too low an average molar
- substitution may result in the inability of the ion-
conductive salt to dissolve, lower ion mobility and lower

35 dionic conductivity. On the other hand, increasing the
average molar substitution beyond a certain level fails to
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I ntroduced onto the nolecule), and preferably at least 10 nol % wth one
or nore nonoval ent substituents selected from anong hal ogen atons
substituted or unsubstituted 25 nonoval ent hydrocarbon b?gﬂﬂg“h Q@%g 1.to
10 carbons, RICO groups (wherein Rl is a substituted .or unsubstituted
nmonoval ent hydrocarbon group of 1 to 10 carbons), R13Si- groups (Rl being

as defin Y r Y.
phosphorﬁféj %%ﬁt%)l ﬁ&g‘lr?%%p@gé%e%% %%np%%u%%pﬁg"?%l Jﬁt_y‘{jroxyl gr oups
on the o§9§lk?ﬁeﬂ@ngﬁgthv%e%@lhga@@lyﬂlt®¢5amantﬂe$ﬁHt cont ai ni ng

pol yneri c CO”DQéﬁQnéﬁﬁ‘& m ips a@af@géocﬂeg&é@ P FPANEr1 SAPEEH U@k‘ﬂés s
two-fol d. eﬁg%}ln a cont al ni ng concentration of 1on-

conducti v kyl %P%s ?h?EEQ%E}mQh%o%ﬁﬁﬁ%iﬂwﬂ%ﬁoh%%Sun¥¥ﬂﬁQﬁﬁﬁlﬂ%$9
readi lsy rpﬁﬂﬁﬁeﬁﬂclGoﬂpb@M6dt§é@Céél@oﬁ@ﬁﬁ@ﬁ%ﬂA PR YERT i B4 pparaRPeri ng

t he conducfi vit Because rai 7_Januar 4 t oIar| of the

ol yer ik TR0t tEBREEaEutE oRe0oG] oET: B GREY aY e u%dm9i%$%%§e the
di el ectritikentigunid ob ahEunnéryXS@Di&nerThy higheduthagapetage gr oups at
the hydr roup. h kyl.ene chai n: bear ol V|nyI | cohol
uni t - contgé Leg 8E éoffm%r%g%%yﬁ% l:}{‘3) qﬁ% %Ec%ﬁ%i%fﬁg?sg?o |ﬁ%§%€ t he
polynerlc(@bhpbundamﬁoﬁt hbghteg- ﬁekera@ledthhanxngraslowsflsudhtasat
hydrQﬂhobfsompfgﬂﬁ%fhgﬁrénd fire retardance. To increase the dielectric

constant of meric_ 10 conpound according to the first of these
ai ns, the oxyﬁhﬂype%zmeﬁaﬁnceaa@ung pervindayas aredrenenhi £. cont ai ni ng

p0|ynﬁrlCrégﬁﬁauégsléfr£€§tﬁdeﬁh§Q éeﬁﬁgéoéf ﬁ@ﬂﬁﬁéyﬁzaﬁﬂﬂﬁouﬂg fietag to

~cap the hydrox roups. on mer i nd w hi gh pol ar
CoPst it uohLeSY p R TRBE bR hoRREBRF AR oREP TRABSE| PALHIER,O8a For thA <
pur pose aiptantwinbpgcoft ptankiphl{i byhachédmnbabtabhar oRdafinal substltuents

T R N L A
pref er abl €ontaining polymeric compound used as component A in the
invention can be prepared as a capped hydroxyl-bearing
polymer derivative by capping some or all of the hydroxyl
groups on the molecule (these being the sum of the remaining

20 hydroxyl groups from the polyvinyl alcohol units and the
hydroxyl groups on the oxyalkylene-containing groups

" introduced onto the molecule), and preferably at least 10
mol %, with one or more monovalent substituents selected
from among halogen atoms, subsfituted or unsubstituted

25 monovalent hydrocarbon groups having 1 to 10 carbons, R'CO-
groups (wherein R' is a substituted or unsubstituted
monovalent hydrocarbon group of 1 to 10 carbons), R',Si-
groups (R' being as defined above), amino groups, alkylamino
groups and phosphorus-containing groups.

30 The purpose of capping the hydroxyl groups on the
oxyalkylene chain-bearing polyvinyl alcochol unit-containing
polymeric compound used in the invention with the above
substituents is two-fold. :

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

35 conductive salt, dissociated cations and counter ions

(anions) will readily recombine in a low-dielectric-constant

polymer matrix, lowering the conductivity. Because raising
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20 to ionic substituents. If necessary, capping nmay also be carried out
with other suitable substituents, such as am no groups and alkglan1no
groups. The second purpose of cappi ng nentioned above, Whidwans20Q4 confer
hydr ophobi ¢ properties and fire retardance to the 25 polyneric conpound,
can be achieved by the use of, for exanple, hal ogen atons, R13Si- groups

(R1 being 0 sphor us-cqnt ai ni n roups to cap the
hydr oxyl tg%bgﬁghgﬁq?he% ¥ﬁ WEP}§m85n88§ﬁax %%&Hﬁpgggﬁg kSPogen atons t hat
nﬁy be usé§;g§lﬁﬁ§0nsooagbaumtuenfohenereasbudgefbg@gegtribreﬁPataﬁﬁd
chlorine. of _ nsubstituted nonoya
hydrocarbgn g?gggg%EEV|h i¥ﬁ# &8 gé?%SﬁéFg HdPBﬁSFéﬁasPPS ¥ €car bons,
that may B¥IEeBYlagrenessapstheuenyaitkyllede chhénsaearaagt podgvimelli oned
above. 5Sua&@bhele&ﬁEELe6neﬁlhEﬁg ggﬁ?égggbeEXmBB%hﬁde the exanpl es given

above for 53 Ex | es of suita roups 1 nc¢lude those in which Rl
represent $§%Phé& §aﬁ§°§ﬂ§s?#@u%§dt9rl@ﬁ§ﬁﬁsﬁhﬁupedymerianGampoaﬁd4wmmhovalent

hydrocarbhmggﬂguﬂ&sh&ﬁbmg éhh@aé@eﬁi&@@&% apd Q%ehgﬁﬁgb§P%%E° 6 carbons,
up ese,

as above. E% % é %an s for an aI
trial kyl sPFYPE§ ﬁ% spELRR PQCFrlnethyI5|lyl groups, are preferred.
5 Addltlonal eTanpheseabesUhéaﬁheleubsibtu@ﬁb%ahmcbEtheaﬁbEQmQEQBDS
al kyl n hor u ai_nin ps. The proportion of end
grouﬁgﬂgagggggﬁﬂa gegogagﬁgee %Bstgiﬁgﬁtgg §g8F8fEF$Sr g? | east 10 ol %
nmore 10 pP@Yé#BBﬂ9natch@aatbsarmng polywdngidsalpohber ahliy -gbntedating90 nol
% It is pﬁgﬁmegiélEbﬁpben&aﬁsSEQQEﬂah'ﬁkkﬁ 2 hyhbgyyepdagroyps wLh the

o orY

above substituents, represent |ng £y ly 100 nol %
_ However, HETRHYR tﬁ@r@SaF@ €8Be thhEﬁFQHYltﬁedaBrbhpy 0m5thé the pol yner

to dlssolpelymerioncampduﬁalwﬁtﬁah&gﬁzgrﬁaiai swhéﬁi%hhngge hydroxyl end

rou on the r,ch are ca With hal ogen
gtowg% R13Si - g?%ﬁés ﬁ tﬁeah hgy poEar su%stltuents used for this J

purpose are not subject to any particular limitation,
neutral substituents such as substituted or unsubstituted
monovalent hydrocarbon groups having 1 to 10 carbons or
R'CO-~ groups (wherein R®' is as defined above)} are preferable
20 to ionic substituents. If necessary, capping may also be
carried out with other suitable substituents, such as amino
groups and alkylamino groups.
The second purpose of capping mentioned above, which is
to confer hydrophobic properties and fire retardance to the
25 polymeric compound, can be achieved by the use of, for
example, halogen atoms, R.,Si- groups (R! being as defined
above) or phosphorus-containing groups to cap the hydroxyl
groups on the polymeric compound.
Examples of halogen atoms that may be used as the
30  substituent here include fluorine, bromine and chlorine.
Examples of the substituted.or unsubstituted monovalent
hydrocarbon groups having 1 to 10 carbons, and preferably 1
to 8 carbons, that may be used as the substituent include
the same as those mentioned above. Suitable examples of the
35 R’ moiety include the examples given above for R°.
Examples of suitable R',Si- groups include those in
which R' represents the same substituted or unsubstituted
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phosphor us-containing groups, it is essential to introduce a suitable
anount of substituent while taking into account the 20 ?ﬁlvatin% @Eility of
the polymer. This anount, based on the total nunber of Thy8rE¥YE&hd
groups, is preferably 10 to 95 nol % nore preferably 50 to 95 nol % and
nost preferably 50 to 90 nmol % The substituent used in the practice of

the | nvennondya2ént Sh@eboatBERT @RbYpS KAANA off FBNOY AaRlod drgegr bon
gr oup. IIIu§traéive exangles |nclud% cyanoe hyh, cyanobenzyT
cyanobenzBYPLeERRLIE ubstPt hefirEbeRfsi 2% i 2P - otMlemosapareéradilyyl groups.

The use o$tandyapat ean naneyal y dr @€ aFodk 9rok, : oet hyl
I n conbingﬁ&on W th g Fﬂ§gf- %Egﬁ?,suchags t?inet%ﬁiﬁ%%ﬁy?g&ﬂﬁéﬁ?y
advant aged(s. STRETHRSIE A EEIMe HRY IS LIV E o3It S2%R PRRERETeAr el at i ve

p][ Op?ﬁt i ons of Ad@itfenabl et:tcarﬁp%@s O£ Bahif/abp@%m@yd i@ér%i’{s %é%@% 5”:?'. ‘;@0
0 ec e va rocarbon groups, a refera K 0

nol and é%g£€§a?f§aﬁgto$§%y%%¥i%ﬁ ?¥EP$&3§H¢K5§ﬁ%ﬁhﬁﬁhﬁﬁﬁﬁﬁF B the
hydr oxyl @ReUB®oups on the nol ecul ar chains. Polyner derivatives in which
cyanated -21 aAnHEY, 4 n I drocarban, groups and R13Si -
groups have bejj_glg\é | ncoé.r%%%g? e%tpt%‘gt%gruéyn %#é‘?(ﬁa‘ﬁlﬁbsﬁ%s&@%@ | ent

el ect ri caPRPRULRER TS t S aprefEErRLN obt clenwpeld iresl %f mgmmoet hyl gr oups
are it r opepsra51y het SUdsst ts¢ho1. D, tdia ’@@%{@fﬁ%%t S, 0p! ecul ar

chai ns pfg he Q%yaL§ | ene chai n-beari ng pol yvi a unit-containing
pol yneri ¢ ¢dAPbuhin g EIPYTR PIFSIHL t He R FIRs eartiahby mbbatheg
pol yvi nylemd cgh@bpsinii tis otlidi db e POhSET {1fen €ODR L ¥4 £ ¢ oxane and
ST g SPGB Y 0K R 8 Syanoetnyl ated pol ymer
derivative in Ng¢Werexydrecatse theopsabaveadesnin nilibshicate apidispne or
all ab thee sikle EPhRer 48 EASESIVNICNRe ARG Wo i PIPR & §al P14 09USEL. 85 the
when all the hydroxyl end groups on the molecular chains of
the polymer are capped with halogen atoms, R',Si- groups or
phosphorus~containing groups, it is essential to introduce a
suitable amount of substituent wvhile taking into account the
20 solvating ability of the polymer. This amount, based on the
total number of hydroxyl end groups, is preferably 10 to 95
mol %, more preferably 50 to 95 mol %, and most preferably
50 to 90 mol %.
The substituent used in the practice of the invention
25 1is most preferably a cyanated monovalent hydrocarbon group.
Illustrative examples include cyanoethyl, cyanobenzyl,
cyanobenzoyl, and substituents consisting of other cyanated
alkyl groups.
The use of a cyanated monovalent hydrocarbon group such
300 as cyanoethyl in combination with a R'.8i- group such as
trimethylsilyl is highly advantageous. In this case, the
two components are used in relative proportions of
preferably 70 to 97 mol %, and especially 90 to 97 mol %, of
the cyanated monovalent hydrocarbon groups, and preferably 3
35 to 30 mol %, and especially 3 to 10 mol %, of the R',Si-
groups, based on all the hydroxyl end groups on the
molecular chains. Polymer derivatives in which cyanated
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15 substituent, this may be carried out by, for exanple, mxing the

oxyal kyl ene chai n-beari ng pol yvinyl al cohol unit- contaiunin 0 ric
conpound with acetic acid and. methylene chloride, addﬂﬂda%ﬁﬁ%éégF
perchloric acid and acetic anhydride to the m xture, then reacting at room

tenperature 20 under stirring. The reaction mxture is subsequently added
to cold ] ' the precipitatg.that settles out is :
coIIectegﬁbﬁhga%gét?%$?g?§g#§g%i%E%ﬁh&xﬁ#%\@Eg%bn%Fou?ﬁe%aﬁﬁuPﬁﬁnonce agai n
i nt o wat elncPRporateaft togebhar uir ilsis neay rdsgesks byxestiegt sodi um hydr ogen
carbonat eq18R8r§ 8812 L e lsS.C d by filtration,

pl aced tgget h]ér vmlt 01\?\/%]'[?%{?9?% |%+€?§%é€%%ﬂéf%r# %q?%]%@% "with

i on- exchanged %At 8¥angakhybsgroups) arecipiredeced asothecsehstitwset, with

wat er ,5 t heRe dfhb fHoB NENRC by égﬁi s POI erivative. 30
Cyanoéznzo¥§ géouos na§ ggp?%?qp ucgﬂoés_t %éq%ﬁ%gggt%gﬁéh%y a nmet hod which
i nvol ves, °F8R Xé%&%? ARrPeRTING RVAYIGTEneledieh- weht T eep balyinay|

al cohol upblyméﬁméabﬁﬁmﬁ@umlm@@%&wmw&ﬂ% he 5lh 0¥RPL1 pElgh &9 pyri dine,

t hen addlgga rgﬁgnse a so%g&lon of qganobenzoy chloride in, 35 di oxane. The
sol ution FstHeR°FE4EY RO VIR AHCCh IR LY 170 Lot R LRI \RPLHIeFECr eact i on
Fszurg Bsoppuund gﬁth dhon@maammd4awmy1?ﬁﬁtﬁilépl??ap?gdahgﬁaiﬁmip:taée.

a . S of solution.is ¢ ected,_an i ssolved in
NN merpar o Fat et o S n e R e b AP TRS e al s s
t ubi ng anBh€i Begetdon TheThbsuyie¢hds pr ecypicatylstedopdbtyhed, rinsed with
wat er, - t hg@arhrh £§vk Ny v C g@g@ p i vative.
. The introdugtidn of %gfﬁg?ﬁh?%$%§§bf¥%%p% e gB%9¥%2%§?%d£%%?8%§9§§5soIving
_the oxyal RYFRnEORRaPH- BLhrPhgtheoFide ngBatmeohol unit- contai ning pol yneric

conpound in dinetaytacehent decetfiti gBolps (4Fé MBhP¥bGhbyd) asetqgi de to 10
ure to effect the reaction. The

e oot b POat EADS e COSTMLRPER UL e 0 LT CELoaEe TaRElLn.
col d et hthel pxpiatkyldnd)chain-bearing polyvinyl alcohol unit-
containing polymeric compéund with acetic acid and methylene
chiloride, adding agqueocus perchloric acid and acetic
anhydride to the mixture, then reacting at room temperature

20 under stirring. The reaction mixture is subsequently added
to cold water, following which the precipitate that settles
out is collected. The precipitate is dissolved in acetone,
then poured once again into water. The resulting mixture is
neutralized by adding sodium hydrogen carbonate, and the

25 precipitate that forms is collected'by filtration, placed
together with water in dialysis tubing and dialyzed with
ion-exchanged water. The resulting pfecipitate is
collected, rinsed with water, then dried in vacuo, giving an
acetylated polymer derivative. : .

30 Cyanobenzoyl groups may be introduced as the
substituent by a method which involves, for example, mixing
the oxyalkylene chain-bearing polyvinyl alcohol unit-
containing polymeric compound with dioxane, adding pyridine,
then adding dropwise a solution of cyanobenzoyl chloride in

35 dioxane. The solution is then reacted at a given
temperature, after which the reaction mixture is péured into
a methanol/water (3:4) solution. The precipitate that
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solution. The precipitate that settles out is collected by filtration then
di ssolved in acetam de, and the resulting 15 sol ution i§ ﬁassedzb&lough
filter paper. The solution is then dried in vacuo, yielé
trinmethylsilylated polymer derivative. Capping with other suitable
substituents may |ikew se be carried out using known techniques for

|ntrodUCI@@t&h@%eouioo%ug%ﬁhEﬁ%ﬁtifogkﬂl%%@gﬂxgbdeHQS LRYRY- 17 ﬁyﬁerlc

oxyal kyl ene ¢ bearing polyvinyl alco con alnlng
conmpound gﬁmﬁ %Yﬁép Ldep StlﬁélﬂﬁeﬁesfWhiﬁhwﬁhehsgénElon 4kl pdacelein

hydr oxyl dhielgsientuba beaulge be C e
obt ai ned ag gQSlrlbed ggnggove F%g%%gnen?ﬂe,éegﬁgtiﬂg ggb§EP2@§5§fg%red

with ioni€° 8@t|§ﬁpﬁe with wadeti.ofhenefsiedoinaNarun. convdogi e sal t

(conpdhencyapgbenyoyaatedngugymég galivawpkayed in ordinary
eIectrochen1ca&Pgeg' articular 30 limtation.

s .ma
Preferred exanpl &s h%% 888¥§8Pt8% %F&WREEYB§ 1¥4nErANRS BaguBeer nary oni um
cation ofcﬁﬁelgéneﬂalbVodmabalthBZRBB4nya&k818£83BﬂEtnéb@a&Qh@ R to R4

are each n k 10 carbon an ani Qn ch a
BF4" ig%l‘ %%?5??35 ﬁh_ﬁ[54%°§§%‘ﬁf‘ﬂﬂ§t P8 WékéﬁaﬁBWBguPﬁcFﬂdzu(czHg)
APBF4 | (é’%ﬂ?)t Fbpretamifes HodARBFYis (£EEHEShyAPBESL) ab6thR)daCHBPBF4 |, -
o QHZ’EE??UZ?Hh%%ﬁhﬁg%*ir%%éﬂf CenlRE Rt e dE ke
(C2H5) , shﬁﬁ% tBR4 aﬂg E%EF tipp migsysends Khepsedodpdnénopnaice-
conblnatlwatemfbagh aﬁdnpb?r%he&ﬁQB aT681a”ﬁ$BhaﬂBlyﬂﬁté9”IQoﬂquff'Ve sal t
reor i ngeEtutTons CRRBOBERL Bkt FRCIRRG LIRS PYhe 6T CPARCEBRGBY ve
‘salt usedfiifizafdpecthen désghivefl iheapekumelic aﬁdp@nadresamdlhpe type of
f | oh d
cap 55 SUDEHHUR s |apBEHEtAbyubliecRTRUR! ool Ohsggnielive salt

i ncl uded g parts y we
conmponent E@?S 5}%@e;gbyacuo ylelding a trimethylsilylated polymer

derivative.
Capping with other suitable substituents may likewise
be carried out u51ng known technlques for introducing those
20 substituents onto hydroxyl end groups.
| The_pxyalkylene chaln-bearing polyvinyl alcohol unit-
- containing polymeric compound or polymer derivative thereof
in which some or all of the hydroxyl groups on the molecule
have been capped and which has been obtained as described
25 above (component A, binder resin) is conferred with ionic
conductivity by the addition thereto of an ion-conductive
salt {component B).
Any ion-conductive salt employed in ordinary
electrochemical devices may be used without particular
30 limitation. Preferred examples include salts obtained by
combining a gquaternary onium cation of the general formula
R'R°RR'N* or R'R’R’R‘P* (wherein R' to R* are each independently
alkyls of 1 to 10 carbons) with an anion such as BF,",
N{(CF,S0,),”, PF,” or ClO, .
35 Illustrative examples include (C,H,),PBF,, (C,H,) ,PBF,,
(CH,) PBF,, (CH,,)} PBF,, (CH,),CH,PBF,, (C,H,),(Ph-CH,)PBF,
(wherein Ph stands for phenyl), (C.H;) ,PPF,, (C,H;)PCF,S0O,,

-23~



5 to 1,000 parts by weight, nore preferably 10 to.500 parts by weight,
even nore preferably 10 to 100 parts by weight, and nost prefe y 10 to
50 parts by weight. Too little ion-conductive salt resE?HSHW%yéﬁﬁéak
concentration of the 35 ion conductor, making the conductivity too |ow for
practical purposes. On the other hand, the capacity of the polyner matrix

to dissol Enh@n- ' d Lve I xcegded if too much salt is used,
resul ti ng\(%ﬁﬁ"géllq%ﬁﬂep(o(\cglﬁf f“@%bﬂ nfg‘#ﬁ)t*ﬁgﬁ% ) &t sSLAPEA P the first

20 el ect r BAEFeS@0np Fhietsico mafyo bee ised iad otheu bire alsayenbi apkGocher 9f ageor di ng

to the inyentioeR FRY-ALFO have added thereto a solvent capable of

di ssolving the ion-conductlve salt. [Illustrative exanples of such solvents

i ncl ude chai n &hBepBOUNgyEl 4bedibutygbndubéive &a2tdinoerpoxsmectiane, 1,2 25
et hoxysret emyehBaker 7Rt ' s et AN hyl . tetragl yme,
et hyl glyneébethﬁl diglyﬁg% %Bﬁ%¥$§F§P§n2¥&%%§ ggﬁg%%Fggﬁﬁe?Sc?EhéPg et hyl
cel | osol v&© Bt RjmPexy Bt pctpnisy| inedndangl ¥he bypgl ofaibntobhductive

het er ocyckht tetiess tuéhmaiecﬁihfahﬁﬁbﬁiubﬁnthg‘BB&?MFEEErBBEBBBB ran,
I oxane; butyfFolactones such’as y-

1,3-dioxo%gaetﬁnd 30 4 %-dinethgl-l 3-d

but yr ol acfofe 5. VEPEr BF a6PBRANIgSURFEAENEBEO N IN3URBEKPL, the amount

1, 3- oxazobFdinn2econduandvad- eahyl ihc3uarazpkirdino2pares 8Ydwedbher og0l vents

comopy Yy dpl CLLr l.cal _devi.ces such as | de solvents (e.g.,

ety ¢ SenpPTrRegEk SEHEBLER, SO G Ra. SORPABERTI Re b6 aRFAECRRR N

net hyl pyr PokPdlnBAR) pathsbbraweighktvembse( prgferdbayhyb toasbonphets

di met hyl g@rfenshe, I h t 124 January_ 2004 propyl ene
R, EYDE mire KrofERIBTg To 16 a0, BRNE by kR iaE

car bonat e Sth ene car bonat e carbona Ii di none
‘splvents ppdgmos§ greferabhy| 19- tpnblaparitei hynwpighlieseTool téktienny be

Tsed si ngignecoaduetivyr es1ef rbwA18E TR' & h@ﬁkeeBncght%Q%iBhrék_%h@CtrP'yte
capacitors o the 1 nvention varil es

o 2! BbphEELE, CHRIRpb Ve e PIGhY Erpiiye Fomophsstiont
mol asses-Pukposes. On the other hand, the capacity of the polymer
matrix to dissolve the ion-conductive salt is exceeded if
- too much salt is used, resulting in salt deposition.
In addition to components A and B, the first

20 electrolyte composition for electric double-layer capacitors
according to the invention may also have added thereto a
solvent capable of dissolving the ion-conductive salt.
Illustrative examples of such solvents include chain ethers,
such as dibutyl ether , 1,2-dimethoxyethane, 1,2-

25 ethoxymethoxyethane, methyl diglymé, methyl triglyme, methyl
tetraglyme, ethyl glyme, ethyl diglyme, butyl diglyme, and
glycol ethers (e.g., ethyl cellosolve, ethyl carbitol, butyl
cellosolve, butyl carpitol}; heterocyclic ethers such as
tetrahydrofuran, 2-methyltetrahydrofuran, 1,3-dioxolane and

30 4,4-dimethyl-1,3-dioxane; butyrolactones such as Y-

butyreolactone, y-valerolactone, d-valerolactone, 3-methyl-
1,3-oxazolidin-2-one and 3-ethyl-1,3-oxazolidin-2-one; and
other solvents commonly used in electrochemical devices,
such as amide solvents (e.g., N-methylformamide, N,N-

35 dimethylformamide, N-methylacetamide and N-
methylpyrrolidinone), carbonate solvents (e.g., diethyl.
carbonate, dimethyl carbonate, ethyl methyl carbonate,
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liquid to a rubbery solid. The higher the average degree of

pol ynerization, the nore it qualifies as a solid (albeii a 10 soft
paste-like solid) having a low fluidity at room tenper { dansiary 2004e £ r st
el ectrolyte conposition for electric double-layer capacitors of the

I nvention, the ion-conductive salt conpletely dissociates in the polyneric

conpound 5$?{g | s by the ac
i npedance ﬂn@%@%ﬁ@v\ﬁn t conpos#%rg% %%ﬁ%@ga out f&% 15 parts by
wei ght ofcaﬁ%om%wbom@timed@mhqmmmv@)ts pee.d0D badts by wei ght of

th I POPD. SHDLEN
coﬁdggt ?/\r/@%mégg aboﬂ?ﬁilf(ﬁ) 3 to 20 I%L%)A) ﬁe%%@ix??rrlt;‘% m‘?gct rg*l%/?d

conposi t i THPIHY %ﬁe%?rW%??RﬁﬁﬁeﬂfY%W%r0€dﬁﬁﬁ¢tth%r%@fthe i nvention has a

bond st rengt h,Ties £1EE s BseesDfEl rkgorté&oéf\?l&?ef :E-Yé)feéeflﬂcs&é@ﬂﬂéh test
standard i ad esives set for th n JI'S K6854 (11994), of 25 preferably at

| east 0. 13K m CARPE H%eT tﬁ%ﬁzﬂnv%ﬁﬁﬁo% ?arkﬁﬁn%ne@BBe%%@%c%r%Ferably at
| east 0. 4rddit npemperabste (ZEfE) abtom ad hmlyovﬁsmm mdl&Sses hEiksr st

RN R R PNl B A A R T
Crysf?:L|99¥¥We“kW:§3Qﬂ h@@am®E8|ithmuahlﬁi?m a@oaysayhﬂgyabhelgaggélon
oar ires, S0 fﬁ%?lts d§l ?r%ﬁ%tﬁﬂ&laggygg+s #%@entlve

features, toget
conp05|t|YﬁWEEF?ﬁH¥¢cularIy mell SUIted for use as an electrolyte and a

bi nder pol ynerIrﬁ%h@'Eﬁ:ét Ceﬂé&'@ﬁ&t&?d%orﬁﬁ@@ﬁi@ﬁsfoﬂjeﬂé«?ﬁf‘i? 2004 The
use of a'$ ggeetc conmpound, havi ng_a | ow aver age gree 0 nmeri zation

in the fi YT a%‘h%% oW%flle‘ﬁ%th%nt‘F f g?%goadwawa
“pol yner sAkctcamyletelhed bssodheteseinf tite pobYiRertcCcospponddhaving 5 a

o b tiS Yo b o, ELALE IS H S ROl YT “RLL SN GhtRes "oy *Eht TaBO V™"
impedance method, when the comp031t10n contains about 9 to
15 parts by weight of the ion conductive salt {component B)
per 100 parts by weight of the polymeric compound (component
A), it exhibits a high ionic conductivity of about 107 to
20 10 S/cm.

The first electrolyte composition for electric double-
layer capacitors of the invention has a bond strength, as
measured according to the peel-type bond strength test
standard for adhesives set foxrth in JIS XK6854 (1994), of

25 preferably at least 0.1 kN/m, more preferably at least 0.2
kN/m, even more preferably at least 0.4 kN/m, and most
preferably at least 0.6 kN/m.

Thus, the first electrolyte composition of the
invention, even when an ion-conductive salt is added thereto

30 in high concentration, remains amorphous without
crystallizing. Moreover, because it has a high
polyoxyalkylene fraction, metallic ions are able to move
unimpeded through the molecule. These features, together
with its high bond strength, make this inventive composition

35 particularly well suited for use as an electrolyte and a

binder polymer for electric double-layer capacitors.
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electrolyte has a high ionic conductivity and a high tackiness. Even as a
solid, because the polyner electrolyte 1is a rubbery SO|Id which readily
under goes plastic 10 deformation, it deforns easily undéfJ34aE30%hd can
thus be easily fornmed into.a filmor sheet. The second el ectrol yte
conposition for electric doubl e- Iayer capacitors of the I nvention is

conposed pri mafiHey udk oAk ﬁoﬂ?h&?ﬁ eoﬁggﬁggnﬂabiﬁ 2%FV%8§§It

chai n-bearj ng 15 ponV|nyI al co an i o con and
(O a co §& RivPRYFesdgptirabin thacEivatl edectpelyte this case, the

polynerlccmmmngundo®66fl@ﬁeainﬁeﬁﬁﬁﬂﬁnpleestQellgﬁﬂacggﬂgﬁékve salt serving
as conponegl capabl e of di ssol vi conductive salt

d,sol vents
that are uggﬁéfﬁﬂyﬁethg §LEBAdtBReBEROPF 8 E@ﬁﬁ@@FPPOﬁOBPOﬂh@ havéngi on may
be thes sanesaffcnmipnme.lyt hAghcafB@Reat ng@ee b?epﬁQW@EiﬁathﬁC?ipgg gbove

in connec trol conposition for elecfric

doubl e- Ia%gga W%é@?b%? ei %reg¥%8und Ha?FﬁB r 688 nkBS| BOLYMETi onal
groups 25edectrndyvie haﬁpanhmghcabsleddeddﬁetnﬂmaytaﬁhyaiﬁiahStrength for
shape ret do aso hi Qu reacted to forma

t hr ee- dlngﬁgrgﬁgggne &gg& Egrécgé%%g ?ﬁé?ggﬁ gﬁﬁaﬁ8}ﬁﬂefh8 EHEEQEVEe
propert i edSf 8 Tubbexy §0lbﬁnﬁbicboryﬁénlandndargeas|pgasbape retention. 30
|n other werdsmathen,aifl dkebend! ohlh1yNEnRELYERLEG, gpegg)tﬁﬁg“HSf

resin) and % a % | on- conducti ve sa
crossl i nk&BEE FuROIMERat2gPofpEbdtr PEgShestipound and the latter is reacted,

it forms a thr@hedsaesatiosakoteb1ptk &bmg§%%Fgﬁ?lfﬁggéafk¥rﬁaaﬁﬁﬁsie35

pol ymeri cq 0 i ng as onen
“three- dlne%gg%nggg ?&é 8? Eﬁ?HRBVFBEFBPniﬁ FPIRPSedeRFIMATéLEeREt rati ng
“pol yner nééﬂoakp@éymernéhpompoundunavlﬁg dﬁyaaky18694cﬁhhﬁ BbhAdYEhYT €

Sroanoss bOEyeRMRAl LBLbhbY, BRIYECT (R)°an hbhebERuBeYEPEATES BRaE) .

i ncreases the bond _streng
of dranat?cSPW?OUPﬁcPéXéPﬁgc§ﬁ§§éin§§bhe|5uncﬁ@enam|ggbypsby addthgs

case, the polymerlg compound serving as component A, the
ion—conduqtive salt serving as component B and solvents
capable of dissolving the ion-conductive salt that are used

20 in the second electrolyte composition of the invention may
be the same as component A, component B and the sclvents
described above in connection with the first electrolyte
composition for electric double-layer capacitors.

The compound having crosslinkable functional groups

25 serving as component C is added to impart physical strength
for shape retention and other reasons. This compound is
reacted to form a three-dimensional network structure,
thereby enhancing the adhesive properties for use as a
binder polymer and increasing shape retention.

30 In other words, when a mixture of (A) the polymeric
compound (binder resin) and (B) the ion-conductive salt has
added thereto (C) a crosslinkable functional group-bearing
compound and the latter is reacted, it forms a three-
dimensional network structure. The highly branched

35 polymeric compound serving as component A intertwines within
this three-dimensional network structure to form a firm,
semi-interpenetrating polymer network (semi-IPN) structure.
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5 conmponent C and having -t intertwine with conponent Ato forma sem-I|PN
structure, the bond strength and shape retention are enhanced, giving a
material ~which is highly suitable for use as a solid pdl yaRanePee4 rol yte
and a binder polymer. 10 Any of the follow ng nmay be used as the
crossl I nkabl e functional group-bearing conmpound serving as above conponent

C an eDOXThQQOE!ﬂrbeﬂﬁkégeﬁﬁﬂﬁeé‘é‘d%l:lg %@ﬁﬁlélgféie%wﬁ&@%ﬁt ound havi ng

two or nor. CtIV% h gro ens, capa f ng w € epoxy group;

(2) an isggﬁﬁﬁf’@ gPé Bmgﬁa?lll%n%owéumcmamth@tbmvﬁ:t:henmtlcorrpound

havi ng t wbetwesnr ehafl i YBubYREPHRGSLEAPPEBa Ll £ LG i 8 ﬂ‘érh'%{f'ﬁ?ll% 4 |
upl e bondas.

isocyanating£8ug: éﬁ% a congound_ aving-two_or nore reactive do

20 111 ust FAEFYE°ERdnilase e teRtioRxy AFeRAIREIY ndPY RABHRGd (1) i ncl ude

‘conpoundschappngntwd andnbaeiR@oky igtOresind wien ned &nt SMCHp as

sor bi t ol gLyeLdyl h _sorbltan pol ygl yci dyl ether, polyglycerol

polyglyciggwI ét%ég¥ %gﬁt§é¥9?ﬁ?¥?ol %F@%%%c%ﬁ@?xéﬁnuﬁgdcﬁé% erol 25

pol ygl yc18¢keathen, arelghhandyd, t gis{Rg hy dnoveet iy yhidls oLy dnlgiale,

gl ycer ol i ~ e ri Y, ne cl dyl _et her

resorcino?g%¥gk§gig§# g% eé? %,%S?%gxéﬁgﬁﬁo %&%ﬁ%%?%g ee%%%r?h%%“Q?Ene

gl ycol dlBP} 8%t ether, propylene glycol diglycidyl.ether, the diglycldyl

30 etters of chhyl onctheonyl eoRioh sk KONSLY RS Stne ROFYSETIARRERY | ene
gl ycidyl ether.

gl ycol d19§§§%%§5? theruapg ggigle aC|du di I sem-TPN
structure r FEQUBYPE 9 ngPRPRUNE sV HR S 1S Y ¢ gCenppaent wit h
a conpoun@:havjng.at least 35 two active hydrogens, such as an am ne, .
nolyors' sieh S8 ehEsBiufodh Bttty CompomndLin ceanaiirtion Jrith ahnuary
2004 and €PRpPERE Baying- pwopyt energl ycolve dppiyogsss caphil s oof
15 reacting with the epoxy group; , |
(2) an isocyanate group-bearing compound in combination with
a4 compound having two or more active hydrogens capable of
- reacting with the isocyanate group;
{(3) a compound having two or more reactive double bonds.
20 Illustrative examples of the epoxy group-bearing
‘compound (1) include gompounds having two or more epoxy
groups on the molecule, such as sorbitol polyglycidyl ether,
sorbitan polyglycidyl ether, polyglycerol polyglycidyl
ether, pentaerythritol polyglycidyl ether, diglycerol
25 po;yglycidyl ether, triglycidyl tris(2-hydroxyethyl)
isocyanurate, glycerol polyglycidyl ether, trimethylpropane
polyglycidyl ether, resorcinol diglycidyl ether, 1,6-
hgxanediol diglycidyl ether, ethylene glycol diglycidyl
ether, propylene glycol diglycidyl. ether, the diglycidyl
30 ethers of ethylene-propylene glycol copblymers,
polytetramethylene glycol diglycidyl ether and adipic acid
diglycidyl ether.
A semi-IPN structure can be formed by reacting the
€poxy group-bearing compound with a compound having at least
35 two active hydrogens, such as an amine, alcohol, carboxylic
acid or phenol. Illustrative examples include polymeric
polyols such as polyethylene glycol, polypropylene glycol
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et hyl ene glycol, 1,2-propylene glycol, 1,3-propylene glycol, :
1, 3-butanedi ol, 1,4-butanediol, 1,5-pentanediol, 1,6- hexanedi ol ;
2. 2-di met hyl - 1, 3- propanedi ol , diethylene glycol, 5 diprdpyarisey g¥Skol

1, 4- cycl ohexanedi nmet hanol, 1, 4-bis(f- hydroxyet hoxy)benzene,

p- xyl yl enedi ol , phenyl diethanol am ne, nethyl diethanol am ne and

pol yet hy| espgi @ﬂmgiengfPw§bblgﬁmg§&ékggp%gggﬁk.t sgﬁgg%ggnggb.fu ctiona

carboxylic acids. 10 ustrativ xanpl B- beari ng
conpound E3PYlegeydd veednodnds Prepydgnewglycodor d ,i3sprypydene glydnd, such

as tolylea§3d%h&@ﬁbﬂﬂ%h§,1&uLthgﬁed@oh§oqxgai%iia%%%pbayIin%_diisocyanate,
di phenyl net hane . .di.i sgcyanat e, _bi phenyl ene "di ir'socyanat e, "di ghenyl et her 15
di i socyan&F&ENEGOdine - di-PdBeFhTard . Shoxepenesiods ddieitbydpaeagdyand ,

I sophog oneyjehid waga sogygnat o~ter m nal_.pol yol s prepared reacting
t he above E%E??g%at% §§¥€83ﬁd§'%i?ﬁ%&°§8ﬁ?8ﬁd&§ﬁﬁ§%&8 eiugég?sqéﬁch
conpounds hydx oBaephepan) bénzpnecapt-kyd ydenesdoygnghenyd0 such as

di phenyl natBaRaneh an QF I di l.socyanat e -wi ne qf the
pol yol s Iisted bel (Ii)’é'v%}éﬁ -?%??Q%a?g# Jogpiming: H°&YP§FW & DR+t he

i socyanat 85g8dps GENROLYSHICKaORgdc prvines eodppoiy fandttibaalhydr oxyl groups
[OH on tbarpekyolccamgaynd is such as to 25 satisfy the condition [NCQ >

[C}ﬂ.the rati% #NC%%/%%E% is preferably in a range of 1.03/1 to 10/1, and
espectal ly 1. dresEsagiye sxpmples ofafheed seryematsoloyonp-beardag

pol yner i ccoppbynlis (2gclingsupel yempyuaae abyvealy tRR VR ABYLERSF¥nalke 30
and ethylﬁgguggycgh-ﬁr%gykeie Iéc | .copol yners; and_al so ethyl éne gl ycol,
1,2-pr opyPeRBParyEBFY 123 6LadyrEnd1gpotaphate. aonlat gnedi o
l%}4-butan@é#ﬁPPY@paipennaphdhyﬂﬁné,ﬂiihen&aﬁdt@h,diphenylmethane
Z,2-di mret hyk sde aﬁ&@gang?'ﬂ% digkhyl I |, .dipropyl ene glycol

1, 4-c cloggxaneginethéno ? ?X—Eﬁ%ié §g§§98§§$8xygﬁﬁﬁfyﬁﬁgﬁggﬁé,

p-xyl 1 en +8PCYBREAGI tailéfhprofadsasyanatiy| hexemedhylamene and

3, 9- bi s(2dhydooysinateladanetbphbrénd 8ilQobghnhagyaspi ro[5, 5] - undecane.

Isocyanato-terminal polyols prepared by reacting the
above isocyanate compounds with a polyol can also be used.
Such compounds can be prepared by reacting an isocyanate

20  such as diphenylmethane diisocyanate or tolylene
diisocyanate with one of the polyols listed below.

In this case, the stoichiometric ratio between the
isocyanate groups [NCO] on the isocyanate compound and the
hydroxyl groups [OH] on the polyol compound is such as to

25 satisfy the condition [NCO! > [OH]. The ratio [NCO]/[OH] is
breferably in a range of 1.03/1 to 10/1, and especially
1.10/1 to 5/1. '

Suitable examples of the polyol include polymeric

polyols such as bolyethylene glycol, polypropylenée glycol

30 and ethylene glycol-propylene glycol copolymers; and also
ethylene glycol, 1,2-propylene glycol, 1,3-propylene glycol,
1,3-butanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-
hexanediol, 2,2-dimethyl-1, 3-propanediol, diethylene glycol,

dipropylene glycol, 1,4-cyclohexanedimethanol, 1,4-bis-(B-
35 hydroxyethoxy)benzene, pP-xylylenediol, phenyl

diethanolamine, methyl diethanolamine and 3,9-bis(2-hydroxy-

1,1-dimethyl)-2,4,8,10-tetraoxaspiro[5,5]—undecane.
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-28 17 January 2004 Alternatively, instead of the ponoI an am ne having

two or nmore active hydrogens may be reacted with the gféé nate The am ne’

used nmay be one having a primary or a secondary am no ugh a
primary am no group 5 bearing conpound is preferred. Sui t abl e exanples
I nclude di am nes such as ethyl enedi am ne, 1, 6-di am nohexane, 1, 4-

di am nobut ane uch pol yet nean1ne‘ and
ani no aIcoholsﬁgﬁ%ﬁhggiﬂéiﬁéth9$%¥%§L§€ %f%ﬂﬁ aﬂ?n%@}%%ﬁB?V1%$ t hese,
di ani nes tH0| ATWRPER @ﬁblvenbYdDm@¢ngrm@psbéaneachedsaﬂEhIEwel of

react|V|tySaa§a§§ng|a@hg Eﬁfﬁ@rﬁggd $g§ebgggﬁg gn?iéééghloneké#c ratio

Broups -

bet ween [N grou ps on the isocyanate conpoun
on the anPfE°R ﬁﬁﬁuﬁ@lﬂg 95%%%:a@lthp@9h|%fyrim@rEONULnoogBo@pEI] > [NH2] +

[NH . 515 Bbesenysesnpoahs 95 Ob'ﬁef’@@fé(ﬁ!g COAPPARTS 89%59?&93/ nbiggEe! ves
By

forma segi-1PN structure. Such a structure can reactlng an
i socyanat & POBRS bBUCR NS cotRBieRedifing, chnbodhaminohexane . | bast two
active hydlagmnebutuné ang. pﬂp@ﬂaﬂﬁmealp@ Ami k@& bex¥hi §sacid or phenol . 20

IIIustrat ncl ude | s such as_ pol yet hyl ene

gl ycol , §Ej§ﬁ€¥e§%a%+?%bla ﬁdmége?l%%SOhéfﬁc%?cBrﬁﬁyNEne gl ycol
choIYner@e aﬁtbanmhqmeme agdymminoétﬂammbpyl@ﬁeggéy§pldléﬂﬁnggogylFne
gl ycalg, 1 o nt anedi exanedi o

25 2,2 |ﬁ§t?ﬂy&ﬁn€g%r%%%%%g #ia@§9*§$lg Tofam 8|§?gﬁélgﬁ gl ycol ,

1, 4- cycldﬁ%ﬁ%ﬁ%ﬂ}ﬁ%t%@90¢SPQCMﬂbJE(Fteﬁgdrﬁﬁyethexq)aQaﬁnenEhe

p- xyl yl enetld Dbk iphetyic ﬂa@i@aw@%ﬁ@&ﬂe @8]h§£09%§t8&” n}9§u§ggate

‘polyethylene|n1 ne, $ ﬁﬁél unc I onal es an onal 30
car boxyl i RS ¢ (E¥HA: | IGEOUPS Soih e @atameve:qummimi end-
“Bearing ceumpiouns t@)smhi@ﬂynﬁUeb@omaﬁﬂl@ﬁsthnc@gO§sLngkphlqpu{pnctlonal
?;grﬁggegghggdf %Q%g%% éf%ﬁﬁ@%m%roup ggg?ﬁgcééﬂpoangslQgggékvgyconpOSItlOn
hemselves form a semi-IPN structure. Such a structure can

be formed by reacting an isocyanate group-bearing compound

with a compound having at least two active hydrogens, such

as an amine, alcohol, carboxylic acid or phencl.

20 Illustrative examples include polymeric polyols such as
polyethylene glycol, polypropylene glycol and ethylene
glycol-propylene glycol copolymers, and also ethylene
giycol, 1,2-propylene glycol, 1,3-propylene glycol, 1,3-
butanediol, 1,4-butanediol, 1,5-pentanediocl, 1,6-hexanediol,

25 2,2-dimethyl-1, 3-propanediol, diethylene glycol, dipropylene
glycol, 1,4-cyclohexanedimethanol, 1l,4-bis(p-
hydroxyethoxy)benzene, p-xylylenediol, phenyl
diethanolamine, methyl diethanolamine and pelyethyleneimine,
as well as polyfunctional amines and polyfunctional

30 carboxylic acids.

Illustrative examples of above reactive double bond-
bearing compound (3) which may be used as the crossiinkable
functional group-bearing compound serving as component C in
the inventive composition include compounds containing two

35 or more reactive double bonds, such as divinylbenzene,
divinylsulfone, allyl methacrylate, ethylene glycol

dimethacrylate, diethylene glycol dimethacrylate,
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35 or nore reactive double bonds, such as divinyl benzene, divinylsulfone,

allyl nethacrylate, ethylene glycol dinethacrylate, diethylene glycol

di met hacryl ate, -29 17 January 2004 triethyl ene gl ycol GYﬁﬁﬁﬁﬁtﬁaQ%te,

pol yet hyl ene glycol dinethacrylate (average nol ecul ar weight, 200 to

1,000), 1, 3-butylene glycol dinethacrylate, 1,6-hexanedi ol

di met hacr WratedhvieeRe Bl ¥od! ¥G ' yl l.vpropyl ene glyco

di met hacry, ate 5aver3§%¥hg eé&ﬂgFﬂh%g%gﬁ?%,4§é§?e§h92eﬁ‘ g3e61

2-hydroxy§%§@i erETRatey (axpprepamelegudar weight, 200 to 1,000),

bi s[ 4( met ha@-phaaxyenlBo phen ; 2- bi g[ 4= '

(et hacr yl.qx 3&&3& -diggkoxy)g%gﬁ%ﬁ?ﬁg %SES: %fg-éFgfﬂ?diOl

(met hacr yi° 8%§lﬁ5ﬁyepﬁ899yﬁﬁ ngt¥pPépdimethanyyéaseio gl ycol

di acry$ at eolypeopyliene ghyeol dimctnhabgiatei ¢hbukane mghuegha¢i acryl ate,
nol ecul ar wei ght, 208 to 1, 000),

pol yet hyl ycC iagryl ate (ayerage

1,3-buty|§%§g§#ycgboqdigc%?ﬁﬁ? ,'¥;érﬁé%aﬁeapavlexxerypape, Bedpent yl

egCﬁL ggaiﬂﬂgmeéhgpwwipxypghgaﬁ)ghfﬁgn]ﬁtaganbatg,éawgg@ge 15 nol ecul ar
wei ght, EnBerl Ghe¥ehokydalL RA LKL JLH LGP IR -bi |
2,2-b|s[4-(acrylog etﬁé%hyéﬂeﬁyﬁ %P%HZH%?“??SPEPBF29- 2,2-bis[4-

Eacryloxyéi?ﬁ??cﬁyhpﬁwﬁy p?ﬁgpb}ﬁebbaﬂE)PﬁﬁﬁY@ﬂ§¥EPaﬂe: ethylene ! at

acr yloxy gtigesy- aehyeihaxy) PAsaYhl RERRE ! Lop LReh)t’ & €

trinethylohgro'aae 2 trinethacri?atg,B?XF%%n§?%y¥g?%§Fhaﬁgg?%ﬁggF at e,

t et r amet hI-éFRet HARETY LRt gacPoLEeEhyhaner odprabl diecoyhate daveragat e,

wat er - sol mbllecutarhaaggHtrepbacey! at 8oo)trhic¥chadgsans ah§ﬁhﬁa”°' acryl ate,

hydrogena&ggcrg%g¥§logeggﬁd|ene dlicr | at e, pol yeSter dlacri ate and 25

"pol yest er “di net hacryl at & Prapedie a@i?GEYEBEﬁeuHGOEGHFX#nH ycar acrylic or
ﬁbth?cry|ﬂéagrﬁmpgaaypbéyaﬂdpglﬁﬁaanges;gﬁiaueﬁlﬁeapQFﬂd&agbrc|ugel

acryl g esmandciRhPagLYLAtes 4§ s yh sngthactylate, alyci dy

acryl ate ang tetrahggr%?uffﬁ§gﬁ'38 ﬁgb%§%¥yha?gglﬁsr%éPFYB§° facryl oyl

i socyanat & <28 r paepyacbuopatel Rn 2-bis[4-

i & 22biR{dr brgrEleyyathaue) pheoyadpdopadel, RL 2-bis|
(acryloxyethoxy-diethoxy)phenyl]propane, 2,2-bis[4-
(acryloxyethoxy—polyethoxy)phenyl]propane,
trimethylolpropane triacrylate, trimethylolpropane

20 trimethacrylate, tetramethylolmethane triacrylate,
tetramethylolmethane tetraacrylate, water-soluble urethane
diacrylate, water-socluble urethane dimethacrylate,
tricyclodecane dimethanol acrylate, hydrogenated
dicyclopentadiene diacrylate, polyester diacrylate and

25 polyester dimethacrylate.

If necessary, a compound containing an acrylic or
methacrylic group may be added. Examples of such compounds
include acrylates and methacrylates such as glycidyl
methacrylate, glycidyl acrylate and tetrahydrofurfuryl

300 methacrylate, as well as methacryloyl isocyanate, 2-
hydroxymethylmethacrylic acid and N,N-
dimethylaminoethylmethacrylic acid. Other reactive double
bond-containing compounds may be added as well, such as
acrylamides {(e.g., N-methylolacrylamide,

35 methylenebisacrylamide, diacetoneacrylamide), and vinyl
compounds such as vinyloxazolines and vinylene carbonate.
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di met hyl am noet hyl met hacrylic acid. Other reactive double ‘bond-containing
conmpounds nay be added as well, such as acrylamdes (e,

N- et hyl ol acryl ani de, 35 net hyl enebi sacryl am de, di acet E)ﬂé%ﬂﬂayw 24e), -and
vinyl compounds such as vinyl oxazolines and vinyl ene carbonate 17 January
© 2004 Here too, in order to forma sem -1 PN structure, conpound havi ng at

il tt dded | PN
net?axs)rk \ggnagffi)‘%é/&éj&n‘ggirgmiﬁ& on y 3%%&1%(?@%3&@}{] ‘Tr’r’éjttlﬁ:l Sﬁen% hacryl at e
t hat haveCeupo Viesx td v el el | vdh aresictSoree daoidtittel droraf m;imj d .
begri ngv Rlad@astog a | iGl e S ea(r:]t ive
ae@ASIriy 10204 | s AU S IONIS: | Sl L Soued B84
P

doubl e bond-bearing conpounds ove espeC|a y pre erred
reacti ve HOREMEPOWHAS deich Wkwmmmh&ﬁemm hntasttlw s of

formilsa (BeactOrdedOybid ose @oxﬁé‘eadﬁﬂﬁn ’Hﬁnﬁﬁ}dﬁ t#e Surd o

pol yoxyal %I ene corrponent-bearl ng rmnoester of
r econmend® & 6tWR Xgaehive Jeuble dand --C-C=CH2 (3) 7 ¢

RO~ g HZC @ﬂth@d?ﬁ&l&\(e%ﬁﬁ‘bdﬁd-@éaﬂiﬁﬁ Qfdﬂﬁ@'hr(d-’s) dd¥rifednd R6

are each An endent dro n atom or an al qﬁ having 1 to 6

carbons, ANy %’r eef%‘?% rﬁea%ii?c‘FF é'éor’r@ﬁ%‘? M{ﬁ n- propyl ,

i - p(rj opyl pcnlmmlkjﬂldm& (y)dqm@exmnw-lbﬁﬂﬂg hiﬂe}étezﬁld;dﬁ(Yﬂndnlﬁaa}r ﬁ(ai)' sf th Qe

condij,i o aﬂgs r tio an e sum X+Y is

pr ef e?abmgﬁho hi gher %%n Otol;glejfsﬁlerld espec|E'B""[ITatch'rnorrh‘T ta}}o 30. R4, R5 and
are niRYLlygeA brvkene rmmmneletmarmg)mpw&stezprqﬁ)erWMt(y4) i -

butyl S-kudok ¢ tedbindnadd. formula (4), R7, R8 and RO are each
“f ndependently a hydrogen atomor an al kyl group having 1 to 6 carbons, and

~25 preferably 1 tq 4 carbons, such as nethy), ethyl, n-propyl,
® 0 R4 0 R

[ | ol
HzC=C—c—-o—GCHZCHzo—);-{—CHZCHo—);—c—c=CH2 w (3)
Ff ¥
- H,C=C—C—0—+CH 4 {4
2 . ZCHzo-)A—(- CHZCHo%B—R @

In formula (3), R*, R°® and R® are each independently a

15 hydrogen atom or an alkyl group having 1 to 6 carbons, and

preferably 1 to 4 carbons, such as methyl, ethyl, n-propyl,
i-propyl, n-butyl, i-butyl, s~butyl and t-butyl; and X and Y
satisfy the condition X = 1 and Y = 0 or the condition X = 0

and Y = 1. The sum X+Y is preferably no higher than 100,

20 and especially from 1 to 30. R*, R° and k" are most
preferably methyl, ethyl, n-propyl, i-propyl, n-butyl, i-
butyl, s-butyl or t-butyl. A

In formula (4), R’, R® and R® are each independently a
hydrogen atom or an alkyl group having 1 to 6 carbons, and

25 preferably 1 to 4 carbons, such as methyl, ethyl, n-propyl,
i-propyl, n-butyl, i-butyl, s-butyl and t-butyl; and A and B
satisfy the condition A 2 1 and B = 0 or the condition A = 0

and B 2 1. The sum A+B is preferably no higher than 100,
and especially from 1 to 30. R’, R® and R’ are most
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| -propyl, n-butyl,-i-butyl, s-butyl and t-butyl; and A and B satisfy the
condition Aa 1l and Ba O or the condition Aa 0 and B.a_1l. The sumA+B is
preferably no highér than 100, and especially from1 t &7 denuay2088 and Ro
are nost 17 January 2004 preferably nethyl, ethyl, n-propyl, i-propyl,
n-butyl, i- butyl, s-butyl or t butyI Typically, a mxture of the

pol yoxyal g di ester. and the | yo | ene
conponent5%%§€$%g£§pﬁggﬂ% fe? h RRRERY Vet Qﬁﬁq tﬁbéxaﬁgxtﬁe

i on- condukwtyé, sabutyt beatedutylexposed to a suitable formof radiation,
such as W |igh ro Xz ves or

hi gh-frequency %%Jd'lgéfe'lf%h stgf%gﬁafe ?%?\yrrt;e W&/}pe@t h#o Ocﬂ%%m onal
crosslink eaﬁequdkeqbegtau@tnhe palposral ky Rdhe tcompaenen teredieiior med by
addi ng  ofb¥odsPeLYRXYA! Kitke 81§8&P0@§P£v£%§¥érgh&1fﬁgeﬁoﬁ(héﬁﬁh Jneric

conpound servin as_conponen A and carryi ng out yIEr 1 Zat1 on., -~ However
38,

as al r ead$?hbt ?ﬁEeﬁdﬂFt@§BO§$d Epp@l%@k?%@k@lﬁﬂﬁmcﬁﬁwﬁ#ﬁ#ﬂttﬁﬁu|ng

monoest ersuwhi 88 % 21 4Bt M8REHRELH OPSAMEDNOIBAy s | Qydiifa PRAYSXYal kyl ene
referred because such addition

t-.b d |
F?\?ngﬁgerg %%3‘5}%%5 {)ﬁyfleﬂ% %F‘g&g%%yc%%‘gﬁ%t%?ﬂo The2§ hrRefO% nsi onal
networ k. $empaiPNctype threéadimenssohdDosedsonitined redardme 20 proportions
of thg poé%ea§eﬁgglen@hgoggﬁgef%y gé%ggugéeééﬁrp%t d tq%d@?f%g aIkerne

conponent ronoest er %yl ene
conponento%bﬁrangOlﬁbéxﬁbkylen@ocqmmqmeky+hearrmgqﬁnmﬂtebehm|ﬁ@ennnoester

wi thin a.%aﬂﬁﬁeficlcéﬁ?g?éd QQPvfﬁﬁeg#aeeﬂ anéﬁtg? and croég*ﬁﬁ ‘%fd

-because this enhances m st rengt he anount
“finct i onaPP Ly BEplzaEEPRAg E@Wﬁﬁ%ﬁd fpcalpeadusnebeapontive @idttperiefably 10

to 500 parpslijyemmenenéemgéﬁéﬁfa@éariﬁgt;ﬁoﬂé@seé\ftSwﬂ%h\% gat and
nost %renﬁsggkxnc ar 3 b¥o er 30 100 parts b I ght of
the pol ymerie ¢y %ﬂﬂ% s@ ?ﬂﬁ BH%OH%% SHYATRELSRE GPMPRESTERan 10
parts by hedghegndjester is generally preferred because such addition
introduces polyoxyalkylene branched chains onto the three-
dimensional network.
No particular limitation is imposed on the relative
20 proportions of the polyoxyalkylene component-bearing diester
and the polyoxyalkylene component-bearing monoester,
although a weight ratio of polyoxyalkylene component-bearing
diester to polyoxyalkylene component-bearing moncester
within a range of 1 to 0.5, and especially 1 to 0.2, is
25 preferred because this enhances £ilm strength.
The amount of the crosslinkable functional group-
bearing compound included as component C is preferably 10 to
500 parts by weight, more preferably 10 to 150 parts by
weight, and most preferably 20 to 100 parts by ﬁeight, per
30 100 parts by weight of the polymeric compound serving as
component A. The use of less than 10 parts by weight may
fail to increase the film strength. Oon the other hand, the
use of more than 500 parts by weight may result in a decline
in the ability of the matrix as a whole to dissolve the ion-
35 conductive metallic salt, leading to undesirable effects
such as settling out of the salt and weakening of the formed
film,
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fail to increase the filmstrength. On the other hand, the use of nore
than 500 parts by weight may result in a decline in the ability of the
matrix as a whole to dissolve the ion 35 conductive netAf HaruasnP904 | eadi ng
to undesirable effects such as settling out of the salt and weakeni ng of
the formed film . 17 January 2004 In addition to above conponents A B

and C, the secpnd ol yte conposition for_electric_double-I|ayer
capaci tors of ?‘Eea?ﬁ%g%{’# oﬁgni'fﬁc??fa%%?%%s e OF dFREr §- akBanteePndne
sane typeslettrolytetsonppsibt tonf fok ssbéuinict deubDe- bagendusparersakt as
were mentgen a ' cJ | t he first electrolyfe copposition
for el ect??ceg%u%ﬁg??gg%lgqﬂéip%%(?%er‘% %}Sé h%ni?ﬁzﬁ??%.mf‘ﬂu\?/teogrgﬁ?i ce of
the i nvenf#B®, tYPes cofipeel ténks capablsi of dbspolents fheBiand C in

conbi nat | @nahEHi e j i egh S, as I s _heated or
exposed tQ a fi%abrié%%r%ngo‘?%%gﬁ%ﬁ%é#géuc &gés ‘H?I ?'gﬁﬁgggf‘%%t?%ﬁﬁ beans,

X-rays, ¢ L5k elpctriiier epmpeghtiorgiencyleetdiat donbte-2ayen ef f ect

the reacte¢apacit@os YOEItHatiWRe®@Eioh he crosslinkabl e functional
gr oup--beari ng £9 ound se{,vi ng 15 as conponent C. The resulting
t hr ee- di mensi onal “hetROTREL<SE 1kt the HveRFion: ntlke t GpRRRSHELAN NI ecul ar

chai ns orncemprisiayal dytporeebtankhesl andi o; b:?@rdxﬁlﬂbj?@éﬂ{bﬁ%iﬁhcléﬂﬁérlﬂm t-
cont gigni r o forma.sem:interpepetratin ol ymer

net wor k g?%ﬁ%%ﬂuéf% tﬁ%rée)#y%#%i Y %e%%?ﬁ?d jp%{]]%%{:)egooﬁl%%?‘gﬁ?g@ fBr ,

el ectri c HotERle aierm cap andiasiercosucngas tVt heghhyealéotroiihe seni . -1 PN
Struct ur eb&@is JeneFrdd rlc%u | i cal YPE[]l zation reaction.
,The.polynerééﬁgjon é%egc |oﬁ9na é%%ggFg%%&%%tgﬁﬁ?ﬁ utg$%gu358¥tion of a
25 pol ymeTTLRATH i $7 135’ ¢Efeet rererreactionedppatymerizatabpsoE) when

el ectr on Heamiesshmtdore i fudsetonal { gR0ID- védri Ry ahPouhs SELVRAG! 'Y
adieds n Al Nenflngte &0 ML LA LA TLEAL 0Tl S TEOREY Shewos
pol yreri zat i on & ni Tl ator, CHR A YEINY B edine work
structure mutually intertwines with molecular chains on the
oxyalkylene branched chain-bearing polyvinyl alcohol unit-
containing polymer compound to form a semi-interpenetrating
pPolymer network structure, théreby,giving a solid poiymer
20 electrolyte for electric double-layer capacitors according
to the invention.

The semi-IPN structure can generally be formed using a
radical polymerization reaction. The polymerization
reaction may be carried out without the addition of a

25 polymerization initiator (also referred to below as a
"catalyst") when electron beam irradiation is used, although
an initiator is ordinarily added in other cases.

No particular limitation is imposed on the
polymerization initiator, or catalyst. Examples of

30 photopolymerization initiators that may be used include
acetophenone, trichloroacetophenone, 2-hydroxy-2-
méthylpropiophenone, 2-hydroxy-2-methylisopropiophenone, 1-
hydroxycyclohexylketone, benzoin ether, 2,2-
diethoxyacetophenone and benzyl dimethyl ketal.

35 Examples of thermal polymerization initiators that may
be used include high-temperatufe initiators such as cumene
hydroperoxide, t-butyl hydroperoxide, dicumyl peroxide and

-33-



30 photopol ynerization initiators that may be used include acetophenone, - é
trichi oroacet ophenone, 2-hydroxy-2- nethyl propi ophenone, :
2-hydr oxy- 2- met hyl i sopr opi ophenone, 1- hydroxycycl ohexylké2miaey 28z oi n
et her, 2,2- diethoxyacetophenone and benzyl dinethyl ketal. 35 Exanples of
thermal pol ynerization initiators that may be used include
hi gh-t enpegyatu S such_as.cunene, droperoxi de, t-buty
hydropero%r de, %Sltéﬁ:?y%%g'rd%m Sémé’r‘f‘&t%? ndd 1958ESdFUth@lsylb&@|z@i’1de
convent i oRREORALE, atlaugoyic pexoxtides operspdfatiege anldaur oyl per oxi de,
persul f at g oM s%%%Q QN t enpe initiators (redox

n ygbﬁﬁﬁ%&ﬁ ele ekngFgﬁguggl Blk% ErsulFe89%aci di ¢

initiators) such rogen peroxi
sodi um s&PPF%@toéﬁ néﬁ@hhﬁér@ﬁ@ﬂ@%ﬁ@epet@xudasfsatbﬂsaﬁdlhsnzoyI

per oxi sle- @e&ﬁhh:fla%@ 'a'c'ialca%@ gﬁgsuﬁ% 58], deuie ﬂ%”ﬁ]%'r%% %ng‘l ‘@T’hese

trlethylbgron dieth §F2|nc xygen- organoneta
pol ymer i z&EFERYEnFRL 0P§dn§9nﬁéyﬂs@érﬁﬁéﬂ@ dﬁm§§hY16n¢ﬂxm@Pe@nﬂ:aMmm(N

nor e therpetokiﬂe bﬁghh@h@&alQ&c %ﬁk@h&SttrﬁgEhbﬁ%oE% I C 1eE%.ﬁ. Hdzatlon
‘reaction %§§§Bln an_ano thin a range of preféra to ‘1 part

by melgh e EPPY™S. f qJ@% Bd5t by weight, per 100 parts by
wei ght of the Ehesslpnkgmbml&amdbnoﬂ&htgﬁ@@&slﬁa9€@%|ﬂ%e@Q%H%M@ﬁo&C%Eponent

ey 118 dictionsohel 655 L0a0e, Ly0sckD) LIRSl L1 0 maricod

decline in mer Lz St aQEPa e °%n &F nmore than 1
part by mE?&ﬁtlYaiSes fﬁé‘t ther tfhéﬂ-calih@nd.gm'eln‘ézaau.ahyh:leact&bhediss ,admm t hus

amunts MEReky bRodntaguehih U5eatle?Be 52ARRpALt BOYO ! e pagly Ry Zat i on

-reaction condh i ons _are not I"ar Yin the
‘case of PBfiof %ol?ﬂ@r?ﬁﬁﬁpéﬁllﬂbp éxéﬁppe5 Pé&@tb&nwegghypl@@klyoamurled

out by 5 parge bynwbegh@foexmg§UbQob§11nkab§Q %Wﬁ%%go%QJQE # _ight at room
on by neans of a-beam.irradiation is

t t
B T Y g e e

-1 part by weight results in a marked decline in the
polymerlzatlon rate, whereas the addition of more than 1
part by weight does not further enhance the catalytic

effects, and thus amounts merely to a wasteful use of
20 reagent.

Although the polymerization reaction conditions are not
subJect to any particular limitations, in the case of
photopolymerization, for example, reaction is typically
carried out by 5 to 30 minutes of exposure to 1 to 50 mW/cm®

28 of UV light at room temperature and in air.

Polymerization by means of e-beam irradiation is
carried out at room temperature and an acceleration voltage
of 150 to 300 kVv. 1In the case of thermal polymerization,
the reaction is effected by heating at 50 to 120°C for a

3¢ period of 0.5 to 6 hours.

The polymer formed by polymerization mutvally
intertwines with polymer chains on the oxyalkylene branched
chain-bearing polyvinyl alcohol unit-containing polymeric
compound to give a firm, three-dimensional semi-IPN

35 structure. A crystal structure does not form, and so the
matrix is amorphous.
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bond streggth tg 3 éoagéar géﬁgdéggggggyggg éﬁﬁﬁggiﬂﬂ heE 854 10

(1994) CLFAFan, lesdaves. ﬁaRﬁPh¥°ﬁﬁr@n§r5h@raalyda901YQa§t 0.2
kN m evealanmeomyeéebabhxnaﬁ b?aéﬁrﬂné kh&@lc@ﬁﬁosﬂ@ibnpﬁﬁﬁérabbﬁnat | east

0.6 kN'm ner_electrolyte f ectri oubl e- | aye
capaC|tors¥%§n§he ‘i fi eW%FSHﬁﬁg ﬁc??Fﬁ+§8n£ F*Fs??ﬁ ThyBe180 ereln t he

hi ghl'y br§ﬁ€hadtbxyaBkyBbﬁadbrdnfbedadhasmvebeaetngorﬁhyynnytsaksebal
unlt-gpnt ahg paky d | pt er ed th

t hr ee- dlngnsP%ga Bt EE ér ?g ?gr%eéé hlasf ﬁﬁﬂ rymg%%rggsgsr?ﬁ%ysﬁgpe

ret enti on+8RSELE- Bokyﬁﬁﬁ e@ﬁ@c@@@ﬁypéef?éablheahnle@ataﬁ 4t kNZnur enids t hat

of an 20 ﬁﬁﬁtpbﬁéﬁeﬂab1§eétamgab§ §ot gRyatalline, allow ng the 'On
.conductor to thin the nol ecule. Moreover, the

electrol yte of gﬁeSPi&@nPPGﬁmﬁﬁseéeﬁFﬁﬂlﬁBﬁdﬁeF|9#?9tréﬁ ﬁBEBEGI age@b 10- 4
S/ cm at roapabaupesabﬂrehealhvghtbaﬂdhaﬁtéeﬁﬂtﬁ aBfit apki Bestctamd i s not

el CE o BN SO0 Rk RSO UFLEN S Chipbed Betns 2 T
earlng polyv1nyl alcohol unit-containing polymeric compound
is intertwined with the three-dimensional network structure.
This greatly increases the shape retention of the polymer
electrolyte, yet the molecular structure is that of an
20 amorphous polymer and is not crystalline, allowing the ion
conductor to move freely within the molecule. Moreover, the
polymer electrplyte of the invention has a high conductivity
of about 10™ to 10™* S/cm at room temperature, a high bond
strength and tackiness, and is not subject to evaporation or
25 leakage, thereby making it highly suitable for use as an
electrolyte (separator) for electric double-layer
capacitors.
The solid polymer electrolyte for electric double-layer
capacitors of the invention may be processed by, for
30 example, qoating a liquid mixture of above components A to C
and a suitable diluting agent onto a substrate, then
subjecting component C to a crosslinking reaction so as to
induce film formation. An electrolyte film of uniform
thickness can be obtained by using a suitable means such as
35 roller coating with an applicator roll, screen coating,
doctor blade coating, spin'coating or bar coating.
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capacitors. The solid polyner electrolyte for electric double | ayer
capacitors of the invention may be-processed by, for coating a
liquid m xture of above conponents Ato C and a SU|tab? q@ (Hﬁ'agent
onto a substrate, then subjecting component C to a crosslinking reaction
so as to [Induce filmfornmation. An electrolyte film of unlforn1 t hi ckness

can be obt ai negy.hy ' | an h as 35 r ler ating with an
appl i cat or rolﬁ n8 Epgégg%gg éigc§5§§8r§8 %@gcggTPﬂ £PRA %éY?ﬂ or bar
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oxyalhyleangbgéa 9@§ﬁhgg1905¥Vkﬂy| ng ?ﬁgfyglﬁgmgéﬁgdgh iﬁge surface

area materi a a conducti ve. econ i zabl e
el ect r ode® FXPHF%SQE nﬁB?FPrBﬁaFéngcﬁﬁbﬁgéHYbrﬂhﬁ@h@% §m1t$g gD poyneric

conpound haviyagsh@rasyahkyhenatehaian; bSﬁ&' 08) P! ¥¥haubt fLEORRteDLis, (O a
conpound havin oups, (D) a large surface area

crossli kab i on r
material, and ?E? 8® 88H uBPi eﬁlﬁﬁgi ie°$ Qdﬁof9ﬁ§%P3 %Bﬁ%%ﬁhﬁiﬂ§easas
conponentcAmpbseﬁeprmmarllpobﬁr(Aabhepelgmérmdecémpauﬁg BeUpAgi tion of the
i nvenfj ong y as.th | i C_cpnpo serving' as
conpo%tnt X&é%ﬂ?%gﬂgbgégkgegéggggg ES%nggﬁg ggﬁéﬁ%i EP%g?rorgyea
conposi t i 6ABPPBRAchavingccyoablénkabze fumphiohalsgobuphe (DyeatlangeThe
l'arge surkageagbearBRt Rhtakigs’ vVhAg @ )08”E§H88 %grgﬁ?té %X?'Ca"y a

~carbon materi al haV|ng a specific surface o géast 500 nR/g,
‘nore preferabl y? %tPP%X§?riCOGGmPﬁEP6 ugfd ﬁﬁs?owpéﬂeﬂﬁbhyofrbh¢1f$getto

3, 000 nQ/golaﬁdzhﬁyengléﬁtﬂd&éagﬁrﬂﬁﬁgl@bﬁpééiﬁl@ﬁ pEetgeabhyeneiofore than
ecific 25 surface_and an

2ol s ol BCLE] el BRI Gubs Ha e bo iRl LompSunt L255180"S
- component A of the above-described first and second
electrolyte compositions for electric double-layer
capacitors of the invention.
The large surface area material serving as component D
20 is typically a carbon material having a specific surface of
preferably at least 500 m®’/g, more preferably at least 1,000
m’/g, and most preferably from 1,500 to 3,000 m?/g, and
having an average particle size of preferably not more than
30 pm, and especially from 5 to 30 rm. At a specific
25 ' surface and an average particle size outside the above
respective ranges, it may be difficult to achieve an
electric double-layer capacitor having a large electrostatic
capacitance and a low resistance.
Preferred examples of such large surface area materials
30 include activated carbons manufactured from carbon materials
by an appropriate treatment process such as steam activation
.0r molten KOH activation. Exemplary activated carbons
include those manufactured from coconut shelils, phenols,
petroleum coke or polyacenes. Such activated carbons may be
35 used alone or as combinations of two or more thereof.

Activated carbons derived from phenols, petroleum coke or
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respective ranges, it may be difficult to achieve an electric double-|ayer Z
capacitor having a large electrostatic capacitance and ? Iom/rﬁﬁgétance. i
Preferred exanples of such |large surface area material s’ e

activated carbons manufactured from carbon materials by an appropriate
treatment process such as steamactivation .or nolten KOH activation.
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used al on8°BPCALARGRYI nations of two or nore thereof. Activated carbons
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preferredago achi e e electrostatic capacltance. e anount of
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wei ght, p agt s i ol ymeric conpound Servihg as .
conponentigp #ﬁgtgdé?twgﬁggg ?gotﬁﬁcRoﬁgﬁﬁgxguP?EE@uﬁﬁeﬁerﬁﬁﬂérﬁﬁl may j
| oner t heCPBRENSNEeAgt hTbe afldipdbar bfakbe matRclaege- EaF-pheg §9EROSI tion, :
resul ti ngmhRep98i REHES! t 0 rent.collector.. On,the other hand,

too little | arge su?f%ggegrggéngéggigﬁgﬁggkﬂaet ?ﬁ% BPLRLE28P1encr easi ng

the resiStgft odRafPEREREngomBes fpani t ursulbingoiar pzabl adhebtohr ades

pr odumed thenbﬁbﬁeﬁe|ablléeh6r@|eéﬁr@ﬁé‘geﬁgknﬂanﬁ9n988ii%?@leliaThe
conductlvgun%terlal used _as_conponent E nay be any’ surtabl'é ma gt Pal
capabl e of "coRf&r FTRY BRERTLALaMaY BANGCLPO| effeott nE potaeasahgethe

el ectr oderésiatagcecanfiosbikeing! thustaphiy taf¥amBEeso1 ALl HYE1 gar bon bl ack,
| skers, natura? 20 graphite,

“Ket j enbl agKeREEHYLE ? 5,‘carb wh [
artificial grap€|§e,ﬂﬁg ggg chPﬂegg? BR4HEEEPLP celpolmers -SnEning
titani um ePBRSAREOR Ut heni um oxi de. Any one or conbinations of two or nore
theref may beTyéegongﬁct1Eg5ﬁatggig n k. and acetyl en bIacF which are
both typeg . of carbon black, are pre?e?%%@.a$h§°%98?§ﬁg ga??YC & 8¥e :
suitable material capable of conferring electrical
conductivity to the polarizable electrode—forming
composition. Tllustrative examples include carbon black,
Ketjenblack, acetylene black, carbon whiskers, natural
20 graphite, artificial graphite, metallic fibers, and metallic
powders such as titanium oxide‘and ruthenium oxide. Any one
or combinations of two or more thereof may be used. Of
these, Ketjenblack and acetylene black, which are both types
of carbon black, are preferred. The average particle size
25 of the conductive material powder is preferably 10 to 100
nm, and especially 20 to 40 nm.

The amount of conductive material serving as component

E is preferably 50 to 500 parts by weight, and especially
100 to 300 parts by weight, per 100 parts by weight of the

30 polymeric compound serviﬁg as component A. The presence of
too much conductive material in the composition reduces the
proportion of the large surface area material, which may
lower the electrostatic capacitance of the polarizable
electrode obtained from the composition. On the other hangd,

35 the addition of too little conductive material may fail to
confer adeqguate conductivity.




25 of the conductive material powder is preferably 10 to 100 nm and-
especially 20 to '40 rim The anount of conductive naterhg ser¥qﬂ€ as
conponent E is preferably 50 to 500 parts by weight, A y 100
to 300 parts by weight, per 100 parts by weight of the 30 polyneric
conmpound serving as conponent A. The presence of too nmuch conductive
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the additinag ©hci@@e! hikbdeacqn al dequate
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t he flrstO pﬁPﬁ EEFgoﬂ%lY%Pﬁ$nb“%%%%%smtm%ﬁhﬁ -2he invention nay
:j n;:l ;JCtE‘ apgorelglibné] P@cé@dﬁ_flﬂﬂ%‘ilé' |tlétfﬁﬁydfo§t@arﬂl eéceﬁf)ntéu' hakhg1

il uting nis,include, N. e i done, "acetonitril
tetrahydr%?h¥E kéEEB?Ong 4n%%ﬂ§?xee?%§lg{%¥ e ﬁlﬁcﬁtoﬁéﬁétﬁﬂa ethylene
gl ycol diethayl Erhéeraﬁlgfeth@l&llmﬁﬁngléulv@@tSva&aaeaslﬁdaﬁd in an
amount of 0 Sy t parts of the, overal
poIar|zab?ﬁggbgc%?oaeaﬁér%gﬁgﬁgo%%eb t‘f’%l Op%ﬁelg%l Fcbycgﬁﬁgﬁﬁd used
as conpon@ﬁtth@oPV?ﬁ@llsE@b@nlpebbmlQh@¢er@decfoEMEngocnmpgsemmpns|t|on of
the 1dlvent|0nTHBY]f)@Eyﬂéri@ec yPEs 8 § teQﬂ}gQﬁeﬁ‘t'ﬂ bBeyn

y

earlier-described Tirst and second el ectro nposi tions For el ectric’
doubl e- | a§BFORGpRLL £ 32blet alechveder bprmimg campogblipennafhieng

crossl|nkﬂhvenfﬂﬁﬁtmaﬁabegéﬁuﬂﬁemﬁaﬁ@ tPpe Us8dcHRpSHEnBSACOAPRRRNt C may be
“of the s ixgg n n_the eatrlier-described secon
‘erectrolygg conp@%?? ﬁg$ 15?50??@c5%6%% el &GEFOLEpScFPEPSSifBPESver ,
the | argefeurédectunieadoubbe hayerr vapgeatoronponené Dheafdt20ntheThe
Fospent i veoTBohAa T Ehd Do B8 EARREIE bulreT¥ngs 8oyt pRERR 2r s
polar|zabF%eél%%F?%HeaﬁeF@mP%Peﬁt @H@&Ylheenflbhe same type as
component C in the earlier-described second electrolyte
. composition for electric double-lavyer capacitors. Moreover,
the large surface area material serving as component D and
20 the conductive material serving as component E may be of the
same respective types as components D and E in the above-
described first polarizable electrode material of the
invention.
The compound having crosslinkable functional'groups
25 that serves as component C is included in an amount of 10 to
100 parts by weight, and preferably 20 to 80 parts by
weight, per 100 parts by weight of the polymeric compound
~serving as component A. The large surface area material
serving as component D and the conductive meterial serving
30 as component E may be included in the same amounts as
indicated above with reference to the first polarizable
electrode-forming composition.
‘The first and second polarizable electrode-forming
compositions of the invention have a bond strength, as
35 determined by a method in accordance with JIS K6854 (1994),
of preferably at least 0.1 kN/m, more preferably at least
G.2 kN/m, and most preferably at least 0.4 kN/m.
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The conpound having crosslinkable functional groups 25 that serves as
conponent Cis included in an amount of 10 to 100 partiés ggt and
preferably 20 to 80 parts by weight, per 100 parts by éﬁ@ he

- pol ynmeric conpound serving as conponent A. The large surface area materi al
serving as conponent D and the conductive material serving 30 as conponent
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one nmade Gflrnenal colMeatbnsnbenduséabfl eheist Bebhacerhbghby suitabl e as
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Alunlnun1|s especl al | y advant ageous accotn
el ectri caPfr é§fFslaghE. W&@Qhﬁeanérl@ﬂtebectEEcal megibbanoeany suitable

formaguch aSTﬁef@hkreﬁﬁpéBﬂchBBfah?YabéhfﬁtaR% §h££§£§ gskﬁ' Lpégo o

a sheet of foa A foi ect or ess 0
100 pmis §sﬁeg%gfrye§89%ﬂ?§g@%£§lbe@aﬁ§@et|Pfl§1§§§?e@om¢bﬁl gibsrack and
rel ativel yri aexhesti yg. £d8n\Whetad. Meaakof oityps 68Pi@&€6raﬁa%ﬂﬁgcﬂrrent
Teane 1o FabbakEen g AR hE oL Bachl Lo ReBepip iV cei Rt agPsEnboLaBre.
cont act batwbeneasy polamllabreseaektanderemdtivéﬁynEhekpéﬁbh&étOr and
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ormed by, apgeziggbie tolﬁgé grchgﬁlcal olir t h
. electrochemical or physical
means to roughen the surface because this improves the
closeness of contact between the polarizable electrode and
the metal collector and lowers resistance.
20 The polarizable electrode of the invention may be
formed by applying the first or second polarizable
electrode-fdrming composition onto the current collector to
- a uniform thickness using a suitable means such as roller
coating with an applicator roll, screen coating, doctor
25 blade coating, spin coating or bar coating.
In cases where the second polarizable electrode-forming
composition is used, a polarizable electrode according to
the invention can be obtained in a semisolid state by
coating the composition onto the current collector, then
360 holding the coated collector at 60 to 100°C for 1 to 6
hours.
The invention is alsoc directed at an electric double-
layer capacitor comprised of a pair of polarizable
electrodes with a separator disposed therebetween. The
35 inventive polarizable electrodes described above are used as

the pair of polarizable electrodes in the capacitor, with
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el ectrode-form ng conposition onto the current collector to a uniform

t hi ckness using a suitable neans such as roller coatinq with an qulicator
rol |, screen coating, doctor 25 blade coating, spin coaffdg"¥Y B84 coati ng.
In cases where the second pol ari zabl e el ectrode-form ng conposition is
used, a polarizable electrode according to the invention can be obtained
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doubl e-l ayer capacitors ustrative I nclu ene
nonwoven PSHYPEOPYHENS  REOPYPERR ﬁéhﬁb?enp?hb@$%erp%¢9@@Y%m hﬁb@en fabric,

10 PTHRE pPTBESpbibis ism{ht Hﬁ&ﬁ{: pabsﬁt gﬁé@tfimaf%ﬁné 'Qien&aé!fn fibers
and sisal _fiber ass er sheet, cell ul ose-based

eIectrolyf?goﬁagéperﬁaﬁﬂg ﬁggﬁi %FBﬁFgay%ﬂn$}%e?%mPp%$%? tra@t@$Fom a
bl end' of febénlBheeandceglasesékbaSSd abdctoobytiati papethepapéri matibe form

“of 15 nul y e he #C ctive salt-cont ini olutio
Composed EhpREhySHELBerd PobBIrPRRANCKLIT 2ol oRETR BRIBLTSGH B8R 1 D
t he salt gﬁﬁﬁﬁhfhh?rﬁe @ﬂdthembanetiype tetrédef inntheoﬁdumtoﬁe salt and

t he sgivemﬁltmgg?gg §ﬁgg9g|f|ed 20 above in connection with the

above-describ irst and
ion-conductive salt-containing solution is composed

of an ion-conductive salt and a solvent capable of
dissolving the salt, which may be of the same type as the
ion-conductive salt and the solvent thereof exemplified

20 above in connection with the above-described first and
second electrolyte compositions for electric double-layer
capacitors of the invention. The ion-conductive salt has a
concentration in the ion-conductive salt-containing solution
of preferably 0.5 to 2.5 mol/L. ‘

25 The separator produced by impregnating the separator
substrate with this ion-conductive salt-containing solution
may be placed between a paif of the inventive polarizable
electrodes and a given force applied to form an electric
double-layer capacitor.

30 A second type of separator that may be used herein is
produced by coating or impregnating a separator substrate |
with the above-described first or second electrolyte
composition for electric double-layer capacitors of the
invention. The separator substrate used in this case may be

35 any of those mentioned above.

Specifically, a separator produced by coating or
impregnating the separator substrate with the first
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the invention. The ion-conductive salt has a concentration in the

i on-conductive salt-containing solution of preferably 0792t@rp2804yp| /L. 25
The separator produced by inpregnating the separator ~ substrate with this
ion-conducilve salt-contai-ning solution my be placed between a pair of
the i nvenPiget EBFXFPZEBNBOSéFg@Br5@§sehﬁ@talg|ﬁeubleftayeppaapdcibofsrn1an

el ectric oﬁouhéeihﬁaﬁtisﬁpﬁﬁ'ﬁ@éceéobétﬁééﬁng %XPF oF §ﬁ8aiﬁygﬁFi$gt ey

be-used hsr&Fn IS g g coating o I'ng a séepara
subst r at ePURFHZEREC B 9€t89§€$|669 @lQéYe%rPEQ%%ﬂEeei%c@mnly@@ tonposi tion

f or electformdanbémebayﬂé a@ﬁﬁmetﬂéyeﬁfcéﬁ501t8fentAfﬂerﬂg€1§§9graeor
substggte 35 any of those nentioned a

F#§§9a£8 Sgcaég %) caat

Speci fica EpBF3Y8r Juted b?gc%%tiﬂﬁﬁ%gnaﬁhﬁgeﬁﬂﬁt$ﬁ@arﬁbor

separ at or Sgbstrabeewikhhtheesécont dTedbromyye 200Mp6tLeisR! ¥b# conposition
for el ect I r cifors..of th nveption |s placed between a
pair of t%%é?ﬁgggtgeggyg %gfgga%%%agf53¥§o { D& AOVeRtion pteskipeeds -

appl i ed tBetV%@h1@nP@i@c@flthdoubVQHtayerpob@mtzable Al éetnedeyehya & 5.
separ at or gpregused oati np. e raLor ubstrate W th
t he secon% elegi Spggécgé %gP?%%% fgﬂfg%%@@régl dubl@- $%§% %% aC|tors of
the iTven®FaemP p+%c’é‘a1d b@F we@nta b@‘i) TCoforhk tewv@nhowes pbb sefpedt e

el ectrodesunimiga tigh¥ebly PEGERUAG &S @p@&tfﬂc &8&159&" gy gh the resulting
10 assenbég eld at 60 to 100C for 1 to ours to ect curing,

~thereby for%éng Ah el ectric doubl e- | ayer ed capaC|tor A third type of
- separat or thatAneyibd tpes. oﬂesepmasorCﬂm@@&ﬁﬂy%e%éQJlll@eP@iﬂnﬁé

ol ct i c bl eet ayort capebt Gy e pEerhiRhrerterar (opea R trem
pol yriér i cthe oretih e ke irety be @Qmmmwmwiou\fmmtémeétrse @beisleolyyer b
conposi tieipd it Lcf i endopdint YS! CAPACLIONS- 0L thSe polymeric
compound serving as component A in the first electrolyte
composition for eleckric double;layer capacitors of the
invention is preferably used in a solid or semisolid form
20 bhaving a sufficiently large average degree of
polymerization. ,That'is, the average degree of
polymerization must be at least 20, and is pPreferably within
a range of 20 to 2000.
Specifically, the first electrolyte composition for
25 electric double-layer capacitors of the invention is applied
onto the surface of a polarizable electrode to a uniform
thickness by a suitable means such as roller coating with an
applicator roll, screen coating, doctor blade coating, spin
coating or bar coating, and is cast using a doctor knife
aq applicator. Next, another polarizéble electrode of the same
construction is placed against this cast side and a pressure
is applied to the assembly such as to give the applied
composition a predetermined thickness, thereby yielding an
electric double-layer capacitor.
35 A fourth type of separator that may be used is composei
of a solid polymer electrolyte layer produced by curing the:
second electrolyte composition for electric double-layer :
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invention is preferably used in a solid or semsolid form 20 having a ;
sufficiently large average degree of polynerization. That is, the average |
degree of polynerization nust be at least 20, and is pﬁéﬁéPﬁﬁVﬁ # t hin a
range of 20 to 2000. Specifically, the first electrolyte conposition for 25

el ectric doubl e-1ayer capacitors of,the invention is applied onto the

surface ofcai’qsliltamszaiﬂ e:tml dnivende o 2 TN ithAleMoald CHRBSS Y n Sui table

" neans sucré 1255 b&r o%gtvm t hlfa Gﬁppl icator roll, screen Poat i ng,
‘doctor ' bl ade coa ng ¢8R R Slegtrico dombde-daderrs capacidsingg a

doctor kniofe the apwwm¢ammrlsNapmliamothb Roleaiciiz#ale @lregt rode of the sane

const ruct ars ZR3AGe My cast side and a pressure is applied to
t he assen§?n'sug as %%%g?Ve he a%&ﬁ.é& & &883¢P|6nu&l§PéH%tern1ned

t hi ckn®ss, PeRdishgd tablecmeansi cudhullse roayer @%Q%ﬁ.hboﬁlt?ﬁ af\

fourth t ficag Rt d Q a solid po
eIectroI%?gpQ ég E@igggéedggyegﬁyfﬁgtgﬁg dégiﬁgpgﬁggﬁr899?&“80nﬁ@§£t|gn
b

for el ect FP@T Payefoatingz aaduisycastiusipacit dostok khefenvent i on.

In this capplith¢osecoNd telaﬁb&ﬁgyt 0 ctr ouble | ayer
5 ggqgggggb?%egéég%ggggo hSoFaMezabi e

capaci tor g2k hg%llnventl a

el ectrode of “the |nv8n%FoH fige BHPFB?ﬁ15hﬂﬁ|§ﬁﬁés§lﬁy anéuatabbesmmens

such Hs réﬁléppé@ad|MQ thhaaeemamylggahOESrle i9e €88 gggﬁigg doct or

bl ade coabb o] bar .c | S cast a doct or

kni f e ﬁ phifios %?heﬁeét BEEQ%F%%WBS%?S g?‘&’rsél ccPPedasEembAy danshen

construct P8Adi 8tpFlcka AGET AsEorhilstoast hetde @odemrBEeSEHrend) i s applied

"t0 the asshebbPys¢§81a8nk0af p osition redet er m ned
o Entenhoal SEobREL AP RbLE o 8TRRCorpRO1 Eol

t hi ckness. TheT sseng 8 hours to
ef fect curing, “tfer Bé ?F%PHFH@ Qﬁubﬂ@cﬂayerdoapheitayerofapheltor Thus,

t he éﬁectinvedbnbhemhgynavéaaaﬁaggéﬁyogftan;§rhg¥§ghgoaeggxdgaveog variety
of constrgdi P05 6821 9B nation of polarizable electrodes,

separator and nonagueous solvent used

—_ m

Table 1
Polarizable.electrodes Separator ' Nonaqueous
' solvent
(1) | Components &, D and E | Components A and B . not used
(2) "o | Components A, B and C | not used
(3) " Components A, B and C used
1 (4) | Components A, C, D and E | Component B used
(5} " Components A and B ‘not used
(6) " | Components A, B and C | not used
o (7) " ' Components A, B and C used

By using current collectors coated with the first or
second polarizable electrode- -forming composition as the pair
of polarizable electrodes in the electric double- layer
capacitors of the invention, it is possible to firmly bond a

25 powdery large surface area material and conductive material
Moreover by preferably using the first or second
electrolyte composition for electric double- layer capacltore

- of the invention as the separator 51tuated between the pair
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the particul ar conbination of polarizable el ectrodes; separator and %

nonaqueous sol vent used Pol ari zabl e-el ectrodes 20 (1) (ﬁ% g@%ﬁiéﬁ_%S) (6)
(7) Conmponents A. D and E N Conponents A. C, D and E-W H ?
Components A and B Conponents A, B and C- Conponents A, B and C Conponent B
Conponents A and B Conponents A, B and C Nonaqueous solvent not used not
used used°fisealasizabdd ehectneédsthnenenéanﬁbeEbbtﬁhﬁéi his6H- BY using

Cl et r e P b aERcOR B8 L b L L o o E e RS L VR FRBes 1 n ¢ he
el ectric B84Brézakjerelectrodes and the separator are firmly bonded.
In those cases in particular where the polarizable
5 electrodes and the separator (electrolyte composition for
electri¢ double-layer capacitor, or solid polymer
electrolyte) share the same constituents, the interfacial
- resistance between the polarizable electrodes and the

separator can be lowered, making it possible to obtain high-

1q guality electric double- layer capacitors having an
outstandlng performance.
No particular limitation is imposed on the shape of the
; electric double-layer capacitors of the invéntion although

film-like capacitors are preferred. One typlcal capacitor

15 shape that may be used is a - cylindrical shape arrived at by
winding a continuous length of separator between a pair of
continuous lengths of electrode to form an element, |
impregnatlng the elenment with a nonagueous electrolyte
solutlon and enclosing the impregnated element in a

20 cylindrical closed-end case. Another typical capacitor
shape that may be used is a rectangular shape arfived at by
alternately stacking a plurality of rectangular electrodes
as the positive and negative electrodes with separators |
therebetween to form an element,_impregnating.the élement'

25 with a nonagueous electrolyte solution, and enclosing the °
impregnated element in a rectangular closed-end case.

The electric double-layer capacitors of the invention
are well-suited to use.in-a ﬁariety of abplications,
including memory backup power supplies for electronic

30 equipment such as personal computers and portable electronic
devices, power supplies to protect personal computers and
other equipment from sudden power outages, with soclar cells
as energy storage systems for solar power generation, and 1n
combination with batteries as load- -leveling power supplies.‘

35 - The following synthesis examples, examples of the :
invention and comparative examples are provided to
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capacitors of the invention, it is possible to firmy bond a'" 25 povvdery

| arge surface area material and conductive material.  Mreover, 5
preferably using the first or second electrolyte corrpo§| rJaBHarY P04 ectric
.doubl e-l ayer capacitors:: of the invention as the separator situated
between the pair -42 17 January 2004 of pol arizable el ectrodes, there can

be obtalngglﬁgggatgef r ct oubl e | agi t i n_Which the
pol arizable'. electr %gsﬂ§ﬁ§£¥ﬁéﬁ3e%%§ 7 L\ fﬁfﬁ?@e oﬁﬂegim 1fnthaose
cases in fSPPPcthareqfiere the polarizable 5 el ectrodes and the separator
(electrolyte conposition for electric double-layer capacitor, or solid

pol ymer gﬁ= te) share the sane constituents, the interfacial
resi st anct=g i zabl e el ectrodes and the separator can be

| over ed, makiny réapvssh bbEsEE1 OOGRL Ppdi MR thiiﬂ‘ E%?iéﬂt%nﬁ?{#gl e-layer
capaci t or g, ?ﬁ |(gg‘g Bh gtstandl ng pertornmance. % Fion is
i nposed of é ' % otV tRRrLy tV?%g%u‘BfePQ%X/‘élnEhpal;qmb@S of the

i nvent i on(a'abrbgelgtﬂiegfeé ot | KELEREALLALLSN 2T SoB) 6F $£0a1 EDRo1 YPI cal

capaci tor E%ﬁf?-‘ﬁ’ge that may be used is a cyI i ndrical” shapé arrived qt by

wi nding a oﬁgﬁ%hg%ﬁ of 0 speksithy wetgkerof wetomé. cat i nuous

| engt hs Ohqed | tha
nonaqueol] q@f@%?%‘?ﬁ’%‘f‘c’?ﬂ?g‘%f SAEEL by TRLGRTTR b imobEdE bk atene 1o
a Zoajg’yl fﬁ r Ipﬁée‘?ﬁ-’ SR ghk cof Aﬁ@t%rwaqmnMuab:pgcadmd shape that may

be-used |stirringangud as:ohaney aad vesheintia Abt €58 ELY: SLACKLDY 2

pluralityg ngul eletr‘glo% as the positive and negative
el ect rodes&ﬁvﬁ)‘%’ﬁg "g'f)%'r a?]g? R e Jradnahly| added ovepragnating .
the el enPRTiQ® of th mumaaqlmlmtfduectbf 067! PabBd Uby ORe i gie &RC! Osing the
| npr egnat @ty & $FENn | {b G &ﬁ seg end case. The electric
doubl e | ayer’ capacitors 0‘# ér\g’ﬁv@é&% rEOREPRE s i The Fesuiting. a
vari ét ’é PHre MRS disirred dfenii  homnerat bBRKGptposefectpphées for
el ect ronlmeaction Stir:;ing was stopped following reaction
. completion, whereupon the polymer precipitated from the
-mixture. The p;recipj_.tate was collected, dissolved in '_400
| parts by weight of water and neutralized ‘with acetic acid.
20 The neutralized polymer was purified by dialysis, and the
resulting solutj.on was freeze-dried, giving 22.50 parts by
weight of a dihydroxypropylated polyvinyl alcohol..

The reaction product had the molecular structure shown
below. '

~—(CH,CH), — (CH,CH), —
OH '
Here, DHP represents the ‘dihydroxypropyl group which
has formed as a result of glycidol addition. The structure

is that of an oligomer chain having either of the two
linkages. shown below. '

.25

-

DHP = —— (CHyCHCH,0)—
o o— .
= —-(CHCH;;O)—-
L CH,0-
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30 equi pnent such as personal conputers and portable electronic devices, :
power supplies to protect personal conputers and ot her qylpnent from ‘
sudden- power outages, with solar cells as energy storad@ 3p4a¥#804 or sol ar
power generation, and in conbination with batteries ‘as |oad-1eveling power
supplies. -35 The followi ng synthesis exanpl es, exanples of the invention

and conparativ X S kded 1 anua _2 Iustrate t he

i nvention, andgggeﬁﬁgéflﬁﬁéﬁaggﬂ¥igﬁ ﬁkg) % ﬂ g%oé 2?5% SMIHI ESTS F

aecea g i BOALPWHCErewm tbgsﬁﬂléhtlpﬁeuhanPHAaCBargeﬁngnélEhen@em@ht of

char ged- wehh ﬁgoaaetsogfamﬁéght of polyvinyl alcohol (average degree of

pol yneri zation, 500; vinyl alcohol fraction, s98% and 70 parts by wei ght

of acetone. An aqueous solution of 1.81.parts by weight of sodi um hydroxide

10 in 2. S(naitSmbyemwhtw@igmt 8¢ Wﬁ)ﬂ(ﬁﬁﬂ@' y188dedr Upgds #hﬁtéérg{g " ?Qﬂ

stirring tlnue room tenperature, o
was- graduﬁ?ﬁ§ Ebot:3s) 885?1338p§Y| adﬁFlgnhﬁﬁrB UndbFupf o8lBeidel parts by ;
wei ght of glyoidol in 180 pay(s4by mehght of acetone. The resulting 1s ;
m xture was stirred for 8 h re o effec a Stlrrlng
was stopped fol | owi ng react?gn e%%ﬁg % ﬁarﬂﬁé éﬁ%bﬁzg §5ng9

" precipitated feénPraduatXture. The precipitate was col |l ected, -dissolved in
400 parts by weight, of watgr and nggtralized with-acetic acid. 20 The
neutral i zed pol yner was purlfled By ialysis, and the resulting solution
was freeze-dried, giving 22.50 parts by weight of a dihydroxypropyl ated

polyvinyl al colk. av&h@géeﬁ@lhﬁ”sﬁb@@!ﬁﬁtﬁéﬂ Eaﬁcﬁﬁﬁgéalffoﬁtﬁﬂgture shown
. "bel ow. § i %Cﬁi b-- OHO DHP represents
“t he-di hyd oxy% yF Yr otip %hi ch A
FIG. 1 shows the '»C-NMR spectrum (DEPT spectrum
15 measured using a Varian VXR-300 NMR spectrometer, with.D,0
as the solvent) of this product.
The average molar substitution determined from the C#
- carbon signal 1nten51ty (A) of the -C*H,-C(OH)H- units from

the unreacted PVA and the signal inten51ty (C) of the other
20 carbons was .95,

In addition, the fraction of unreacted ~-(CH,-C(OH)H)-
qnits determined by comparing signal intensities (A) and (C)
was 0.57. |
Accordingly, in the above formula, a = 0.57 and b =
25 .0.43.

'Hence, the average length L of the DHP chain was L =
MS/b = 2.21. '

SYNTHESIS EXAMPLE 2

30 A dihydroxypropylated polyvinyl alcohol was prepared by‘
the same method as in Synthesis Example 1, except that 134
parts by weight of glycidol was used. The vield was 33.04
parts by weight. The average molar substitution by _
dihydroxypropyl units introduced onto the polyvinyl alcohol

35 as calculated from the yield, was 1.37. The molar '
substitution determined from the NMR spectrum was 1.49. The
ratio a:b was 0.6:0.4, and L was 3.73. :
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has fornmed as a result of glycidol addition. The structure is- that_of an
ol i goner chain having either of the two |inkages.shown bel ow. F_
(CH2CHCH20) O . . (C HCH20O)-- CH20 -44 17 January 2004 ?H@“W&PO‘*
substitution (MS) can be calculated as follows fromthe weight of the PVA
charged and t he wei ght of the product obtained. 5 (unit nol ecul ar wei ght
of PVA)/ ( geNtrgrRBhI&C ht of PVA derivative obtained by addition of n
uni ts of egC|g 1) 44 + 74n) 10 (wei ght of charged PVA)/22.50 :
(wei ght of pr dE@F?tiennVGS6314GQHéPEe@rﬂgéhnﬁlatlsnbnglemementcahsulated

fromthe cuaebddlﬁltHU§00pZﬂtst§iwé Emﬁftﬁﬁ&§§ %?FQ ﬁgiun1(DEPT
S rone

spectrun1tg neasurg u3|n8 a Varian R— w th, D20 as
t he sol vehtY bFIBhFEIHPBd Etpo#ﬁ@eﬁ%éﬁﬁgénnoﬁﬁﬂwsHbBYltﬁlG@hoﬂetern1ned

from the E%ac€§630”2§892a$nﬁni§QS$£¥t§A% ?%gﬁgf H2. (O H units from

't he unreacted PVA and e signha At eRsIY he ot her 20 carbons was
0.95. In S¥Bethphsulfiexidactidbn aﬁuequeasbmdtiéﬁ}BfC1CHﬂFbaruglb§
detern1neﬂeb h€08PaEbAYusR! nghthe and_(C

Accor di n % yln t he: ab03§ ?g? %g&&aié % 57 " b EY 5%19%@4§8 V@F%E t he
aver age ?@ gt $radeal %ﬁea@ﬁpdcﬁaﬂﬁrmatltrtngweabd =sPiftinGYMAKESI S E E 2 30

A di hydr oxypt opyeat £6rPOhYVhour &t CLHOh YBRpREEPALEY D¥o this
16 solution was gradually added over a period of 3 hours a
solution of 67 parts by weight of glycidol in 100 parts by
) weight of dimethylsulfoxide. The resulting mixture was
5 stirred for 8 hours at 50°C to effect the reaction.
_ Following reaction completion, a ﬁhiform solution was
15 obtained and so this was diiuted with wéter and neutralized
with acetic acid. The neutralized solution was purified by

dialysis, and the resulting solution was freeze-dried,
- giving 30.01 parts by Wéight of a dihydroxypropyvlated
_ polyvinyl alcohol. The average molar substitution by
20 dihydroxypropyl units introduced onto ﬁhe polyvinyl alcohol,
as calculated from the yield, was 1.19. The molar
substitution determined from the NMR spectrum was 1.23. ‘The
ratio a:b was 0.58:0.42, and L was 2.93.

25 SYNTHESTS EXAMPLE 4
A hydroxypropylated polyvinyl alcohol'was‘prepared-by
- the same method as in Synthesis Example .3, except that 53
parts by weight of propyléne oxide was used instead of
glycidol. The yield was 24.63 parts by weight, and the
30 average molar substitution by the hydroxypropyl units
introduced onto the polyvinyl alcohoi,'as calculated from
the yield, was 1.11. The molar substitution can also be
calculated as follows.
{(unit molecular weight of PVA)/{(unit molecular weight of PVA
35 derlvatlve obtained by addition of n units of propylene
oxide)
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the sane nethod as in Synthesis Exanple 1, except. that 134 parts by wei ght :
of glycidol was used. The yield was 33.04 parts by weight. The average :
nol ar substitution by di hydroxypropyl units introduced AAvanyark2getyvinyl

al cohol, 35 as calculated’ fromthe yield, was 1.37. The nol ar

substitution determned fromthe NWR spectrumwas 1.49. The ratio a:b was
0.6:0.4, and L=was4B(48.+ lsgnyanuary 2004 SYNTHESI S EXAMPLE 3 A reaction

vessel equi pped wth, tirring el ement was ‘-charged with 10 parts by

wei ght of pol yVi m/‘l"eh&&%h%f c‘%%%?%g%v%lb&‘é%l@htp@fym@igﬂon, 500; - vi nyl
al cohol SThusct4on(4298%smand 4501 pasd seHy aeh by of di met hyl sul f oxi de. An
aqueous solutign of %.g} parts by weight of sodiumhydroxide in 2.5 parts

by wei ght of water Wwas gradually added under stirring, and stirring was
contirfued for one hour at roomtenperature. To this 10 sol ution was
gradual'ly add V, i ours .a _salution of 67 rts by weight
of gl yci dol iﬁéf%d?%%??s %%angﬁgﬁ%g of %?%%?ﬁ??i%Vfoxi%%.mgﬁﬁrresulting.

m xture wBdbsEifutbenfdetarmned ExomOthe AR f spéctiemreast 1 o®. andol | owi ng
reacti on eRaPF&EiONa: B Wik fOrén Sl 410 ai peg, an this was
diluted with water and neutralized mﬁ?%ggggéf%ggildﬁ Q%% %éggialized
solution was purifie y ialysis, and the resulting solution was
freeze-dried, gi Tﬁgcgbcai.p Hg H&fﬁéﬁght of a di hydroxypropyl at ed

pol yvi nyl al cohol. The q% age nolar substitution by 20 di hydroxypropyl
units introduced onto th ﬁ{oolyvin e PXHs calculated fromthe yi el d,
was 1.19. The nolar substitution deternlned fromthe NVR spectrum was
'1,23. The ratio a:b was 0.58:0.42, and €Hwas 2.93. 25 -B=HESI S EXAMPLE 4 A"
‘hydr oxypropyl at ed pol yvi nyl al cohol was prepared-by the sanme nethod as in
Synt hesi s Exanpl e. 3, except that 53 parts by wei ght of propyl ene oxi de was

used i”Stéiﬁ&éﬁg;éﬂﬁgiﬂﬁﬂngghe yield was 24.63. parts by meight,‘and t he

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

15 fraction, =98%) and 150 parts by weight of dioxane. An
agueous solution of 1.81 parts by weight of sodium hydroxide
in 2.5 parts by_weight of water was gradually added under
stirring, and stirring was continued for one hour at room
temperature. To this solution was gradually added 84 parts

20 by weight of phenol (EO), glycidyl ether (Denacol EX-145,
produced by Nagase Chemicals, Ltd.); and the resulting
mixture was stirred for 8 hours at 50°C toleffect the
reaction. Stirring was stopped following reaction
completion, whereupon the polymer precipitated from the

25 mixture. The precipitate was collécted, 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 53.72 parts by
weight of a phenol (EO).-added polymer. Based on :

30 calculations from the yield, the amount of (EO), introduced :
was 0.52 and the molar substitution was 2.6. The molar ?
substitution (MS) can also be calculated as follows.
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30 average nol ar substitution.by the hydroxypropyl units introduced onto :
t he pol yvinyl alcohol, as calculated from the yield, was 1.11. The nvol ar ‘
substitution can also be calculated as follows. (unit MMNEBYAMROO®I ght of

PVA)/ (unit nol ecul ar wei ght of. PVA 35 derivative obtained by addition of n
units of propylene oxide) 17 January 2004 = 44/ (44 + 58n) (weight of
char ged PVA)/ (weigh hus, .44/ (44, + 58n) = 1 4.63; and so. n

= 1.11. 5 The g??ﬂc@ﬁ?%Fagggﬁﬁ%%g?g §€d§ﬁab %&?cqikgrﬁﬁ%§g€§%€stitution

det er ni neBRPRGA (EBINVR spectrumwas 1.3 and the ratio a:b was 0.61: 0. 39.
Accordingly, L was 3.33. H-(CH2CH a --(CH2Cl H)b-H OH O --(CH2CHO - H CH3

10 SYNTHESI S EXAMPLE 5 A reaction vessel equipped wwth a stjrring el enent

was charged wi th=10Hpa+CH wei ght=o, ' . rage degree

of " pol yneri zation, 500; Vi %?-Iy_ al cohol ?Iél triggi Q(FIH%dzzgglé}? a50 parts by

wei ght of di oxane. An agQgeous solution opgl. 81 parts by wei ght of sodium

hydroxide in 2.5 parts by weight of water was gradually added under
stirring, and stirringgyas continued. for one,hou% t room tenperature. To

~this solution was gradual |y added 84 parts 20 by i ght of phenol (EOS5

gl ycidyl ethe nacol EX-145 roduced by Nagase Chemicals, Ltd.), and

t he resul?}l%rt %gi?ﬁPgaﬁage%g?Fr%g ?%ﬁ)é(%%%F§m%}9QMk§¥dW%iﬁh%t0fhEVA

react ifon. derivathgevwastsinpfeny f addovt 6 sLasthRt s CORPHIgEASD, (b EI)eUPON

t he pol yner prgcighp@agd+f%9g1 he 25 m xture. The precipitate was

coll ected, dissolved'in 40 % rts by weight of water and neutralized with

.acetic acid. = (weight of charged PVA)/(weight of product)
‘ Thus, 44/(44 + 370n) = 10/53.72; and so
' n = 0.52 -
10 M5 = 0.52 x5 = 2.6

The structural formula of the reaction product is shown

- e

below. The average molar suﬁstitution by the ethylene oxide
units, as determined from the NMR spectrum, was 2.6.

H— (CHZ(IZH)a-— (CH,CH),—H

OH O_CHZ(IZHCHZ(OCHZCHz)so

OH

(a:b =048 : 0.52)
15 '

SINTHESIS EXAMPLE 6
A reaction vessel equipped with a stirring element was

charged with 10 parts by weight of partially saponified

20 polyvinyl acetate (average degree of‘pblymerization, 500;
vinyl alcohol fraction, 77%) and 150 parts by weight of
dimethylsulfoxide. An aqueous solution of 9.1 parts by
weight of sodium hydroxide in 10 parts by weight of watef
was gradually added under stirring, and stirring was

25 continued for one hour at room temperature. To this
solution was gradually added over a period of 3 hours a
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The neutralized polynmer was puri-fied by dialysis, and the resulting :
solution was freeze-dried, giving 53.72 parts by weight_of a phenol f
(EO) 5- added: pol ymer. Based on 30 cal cul ations from the y¥&pauary 8804nmount of
(EOQ 5 introduced was 0.52, and the nolar substitution was:2.6. The nol ar
‘substitution (MS) can also be calculated as follows. 17 January 2004 Unit

nmol ecul ar gkt Of <P ul.ar L.aht of he (E s 2. 1 H2

~ OH mz%gi%é&gﬁggka ﬁg %%é]?ﬁn?f %ﬁ%&%iﬁ%@@qnméﬁﬁﬁs / (uni t

mol ecul ar Ve&gHkt o6f dinathglegelfosidee JBtai resbyimgditsitorefwas units of

henol cd44be4 = I ght \/ i ght of
broduct) - Thue 44 (44 1o5rnst 18)e5 9 eBhef Lo SRR O, 5

2.6 The stPLLOWLRE Feafhiianorompietiort i e pantierm isokifolen Hwbwadhe
aver age nobeaifBBSkhEUALDALEN En SEYEENEN X %%rmg% whrilel&Lpiged from

B

the NVR spectrum_was 2, 6. H (CH2 C Hya-- (CH2~b--- . .
O CH2 CHCH%?&H‘;HZ &E?SBGUBZP&SZE‘&O.S%%%%%@)W@(mlyj EOPMELE SIS r eact i on
veSSﬁI e?ahﬂpenemfebumtshgrsbggggbﬁn?ﬂé_E@?ez@hﬁwiﬁﬂtV@i*&ﬂé’%FU4§ by
wei ght o i nifie ol yvin cetate (average degree
of'polyne??g%%io ,¥§3§88 9%n§ldﬁg%§ﬁ%¥Y?F%B¥f% ° 79@%Y%&RV 5L et by
meight.ofThﬂiﬁ%hﬁﬁrgyypnapﬂk.uﬁmtaqnepnsdﬁoé@témmb(ﬁhé%ﬂoxywiﬁyby wei ght
of SQﬂiU”hﬂ&@ﬁ@l'ﬂﬁd'&nlgvgféﬁé ﬁglgf'ggﬁsgitﬁ@igﬁ, as calculated

from the yield, of 0.8. The molar substitution determined

from the NMR spectrum was 0.98. The ratio a:b was

0.48:0.52, and L was 1.88.

15 THEST PLE
A reaction vessel equipped with a stirring element was
charged with 10 parts by weight of poly(ethylene vinyl
alcohql) (average degree of polymerization, 400; vinyl
alcohol fraction, 71%) and 100 parts by weight of
20 dimethylsulfoxide. An aqueous solution of 1.29 parts by
weight of sodium hydroxide in 7.3 parts by weight of water
was dgradually 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
25 solution of 47.8 parts by weight of glycidol in 40 parts by
weilght of dimethylsulfoxide. The resulting mixture was
stirred for 8 hours at 50°C to effect the reaction.
Following reaction completion, the uniform solution that was
, obtained was diluted with water and neutralized with acetic
30. 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 by the
dihydroxypropyl units introduced onto the poly(ethylene
35 wvinyl alcochol), as calculated from the vield, was 0.8. The
molar substitution can also be calculated as follows.
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was gradual |y added under stirring, and stirring was 25 continued for one
hour at roomtenperature. To this solution was gradually added ﬁ%fr a
period-of 3 hours a 17 January 2004 sol ution of 67 partd’H8NYGEY gHY4 of
‘glycidol in 100 parts by weight of dinethylsulfoxide. The resulting

m xture was stirred for 8 hours at 50C to effect the reaction. Follow ng
reaction conpletion ifoi 5ti? t was 5 obtained was dil uted
with water and neuf?gkﬁggﬁg it 6%% Ve QE@ .%Eﬁé neutralized sol uti on was
purified by dialysis, and the re ting sglution was freeze-dried, giving
23.45 parts by weight of a di hydroXypropylgated polyvinyl alcohol. The
di hydroxypropyl units introduced onto the vinyl. 10 al cohol had an
average nol ar substitution, as calcul ated E%n1the yield, of 0.8. The
nol ar substitution determined fromthe NVWR spectrumwas 0.98. The ratio
a:b was 0.48:0.52, anipg was 1.88. 15 SYNTHESI S EXAMPLE A reaction vesse
equi pped with a stirri ne charged with parts by wei ght of
pol yet hyl ene vi nyl __Sldgghﬁﬂe’ ZQ@? a_ﬂ'egr'ee o:t\lg b‘o‘pégﬁi §aﬁi on, 400; vinyl
al cohol fraction, 1% and 100 par akby i ght4do& @01 d: n&L.B4/| sul f oxi de. An
aqueous sol ution of~\l.29 parts by i '

t of sodium hyd ein 7.3 parts
by wei ght of water gradual |y ed under stirring, ﬁ stirring was
continued for one hour at 7

enperature. To this solution was gradually
added over a period of 3 houi/2 a 25 solution of 47.8 parts by wei ght
of 'glycidol in 40 parts by weight of dinethylsulfoxide. The resulting
m xture weanistioleduliar ﬁe!ﬂfgutSoﬂt Eﬁﬂgi/mn%i:f RelebliCarepeiyng. ofg_Q}rAOW'dng
.reaction n, e,un rm tion that was ohtalne ilute
‘With mate@gggggﬁgg?rgﬁ?Qéﬂeéjgﬁ 3@@##&0309%a5i891$ﬁe° el VSFpgg sol ution
was purified by dPal¢s(89.4and7¢hg resulting solution was freeze-dried,
giving 25.0 pgrt@nggﬂglggtcﬂ rgeﬁl?%giyﬁ*gﬁﬁﬂ¥lg%egrgahgggthylene Vi nyl

| ar stitfutio y e

al cohol ). _The average no su
, Thus, 39.47(39.4 + 74n) = 10/25.0; and so

n = 0.8

The molar substitution determined from the NMR spectrum
10 was 0.82. The percent conversion of the PVA unit portions
of the molecule is apparent from the ratio c:a:b, which was
0.22:0.53:0.18. L was found from this to be 4.44.

Table 2
Starting polymer PVA Molar substitution
(average degree of unit Reagent ' calculated from
polymerization) fraction yvield
Syn.
Bl PVA (500) 298% glycidol 0.74
Syn.
Eas PVA (500) 298% . glycidol 1.37
Syn.
By PVA (500) 298% glycidol 1.19
Syn. PVA
Ex.4 (500) =98% propylene oxide 1.11
Syn. phenol (EO}
PVA 5
EX.5 VA (500) z98% glycidyl ether 2.6
Syn. partially saponified .
EX.6 polyvinyl acetate (500) 7% glycidol - 0.8
Syn. poly(ethyiene vinyl
Ex.7 alcohol) (400) 1% glycidol 0.8

15
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di hydr oxypropyl units introduced onto the polyethylene 35 vinyl alcohol),

as calculated fromthe yield, was 0.8. The nvolar substl tion al so be
calcul ated as fol lows. 17 January 2004 -(CH2CH2) CHRCH-j a’(‘”@é@fﬂi‘m 28 44
--(CH2CH2-j - f CH2CH)-- 72 OHODHP 28 x 0.29 =8.12 44 x 0.71 =31.24
39.4 (unit nDIecuIar wei ght of EVA)/(unit nol ecul ar melght of EVA
der|vat|v,4us5 ympridi i on of n units of glycidol) 39.4/(39.4 + 74n) -

(wei ght _ of EﬂaigghyPVA (wei ght of product) Thus, 39 4/ (39.4 + 74n) =
10/25 0; HANQGEhYLapianyhe nplar substitution deternined from the NVR

spectrum 10 wmhr@e8ﬁarﬂbebﬁeﬁ§£§ﬁtC@ﬁvgﬁ§|ﬁ@lfﬁeghﬁrg@@rga|inpgrggogslgf ]

ws found TrsnSeRPoBRambLe LE s TulRea Svith SP0, PRrGe pbyy WA BURNE ar

substﬁtutdhﬂxénﬁeangeldegantsoﬁynwéf@ﬁge@fCabﬁylaﬁﬂﬂriIQHT To this

pol yrmer i 2} 0a) £6 2GL1 00YEL YaddBa 6VEs (3O 0P ELYSHEOLE- 184 Rt Y™
hydroxide dissolved in 1 part by weight of water, and
'stirring was carried out for 10 hours at 25°C. ‘The
resulting mixture was neutralized using the ion-exchange

10 resin produced by 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

15 membrane tubing and dialyzed with running water. The
polymer which precipitated within the dialysis membrane
tubing was collected and re-dissolved in acetone. The
resulting solution was filtered, following which the acetone
was evaporated off, giving a cyanoethylated polymer

20 derivative. The polymer derivative was dried in vacuo, then
used to measure the 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, 100%).

25
SYNTHESIS FEXAMPLES 9 to 14
Cyanoethylation:

A cyanoethylated polymer derivative was prepared in

each of these examples in the same manner as in Synthesis

30 Example 8 by cyancethylating the respective polymers
obtained in Synthesis Examples 2 to 7. The infrared
absorption spectra of the resulting polymer derivatives
showed no hydroxyl group absorption, confirming that all the
hydroxyl groups were capped with cyanoethyl groups (capping

35 ratio, 100%).
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PVA (500) a98%gl yci dol 1. 37 Ex. 2 SSy 3PVA (500)a98%l yci dol 1.19 Syn. Ex.4PVA :
(500) a98%oxi de 1.11 propylene Syn. Ex PVA (500)a98@@hqul éEg%. é%G 5 5
.glycidyl ether Syn.partially saponified7 Ex.6polyvinyl dapug 2? 0)7

gl ycidol 0.8 1 Syn. pol y(et hyl ene vinyl Ex.7alcohol) (400)71%glycidol0.8 17
January 2004 SYNTHESI S EXAMPLE 8 Cyanoet hyl ation: Three parts by wei ght of

t he p°|ynEXAH§EESL§9Lhﬂ% Synthesis Exanple 1 was mxed with 20 parts by
wei ght of __5 dioxane and 14 parts by weight of acrylonitrile. To this m xed
sol uti on R&echuatyte. Cempasitbynsefont Ebéctni ubouberbayer dissolved in 1
part by wehghtiebryatey, and stirring was carried out for-10 hours at 25C.
The resulting m xture was neutralized using the ion-exchange 10 resin
produced by OrEg‘ﬁor%ﬁPﬁﬁFhY‘?oW%%FhY%%t$¢aﬁ‘é1m% dﬂﬁa‘é@t%‘t’@sl RC-76. The

' ion-exchabgaredsin BRELEEHDS akRtnPiés BYrbi Lhrabienaisbberedhi ch 50 parts
by wei ght gfe%ﬁetone ﬁﬁ? addgg io the, solution_and the insolubles were
filtered sPPetiTheVrER Fethaethetamrontim: Fohrabiupraberatls dialysis 15
menbr ane (4BiHg MBI, Jdiial yeetahytiirofuranngusht @s. tBheetpeheMontinga
preCyplta&gggﬂ%tgfn(&ﬂﬁ)ﬂhﬁhygha %Egb%%i%mer derivative in each

example at 1 kg. The resulting solution was held under

10 reduced pressure to allow the tetrahydrofuran to evaporate,

giving a polymer derivative-supporited electrolyte complex

(electrolyte composition for electric double-layer

capacitor).

The conductivity and bond strength of each of the
15 resulting compositions (complexes) were measured as
described below. The room-temperature state was visually
evaluated. 1In addition, the resulting composition was held
at 100°C for 5 hours, and the percent weight loss by
evaporation was measured. The results are shown in Table 3.
20 Conductivity: -
The complex was placed between two copper sheets
separated by a 200 pm gap, and the conductivity was
determined by AC impedance measurement.

25 Bond Strength:

The bond strength was determined based on the peel-type
bond strength test procedure standards for adhesives set
forth in JIS K6854. Specifically, a copper sheet with a
thickness of 0.6 mm, a width of 25.5+0.2 mm and a length of

30 300 mm that had been surface-treated with sandpaper was used
as the adherend. The electrolyte composition for electric
double-layer capacitors was applied to the copper adherend
as' a layer of bonding material, thereby giving a T-peel test
piece. Both ends of the test piece were attached to fixable

35 clamps on a testing machine, and measurement was carried
out. The crosshead rate was set at 10010.2 mm/min, and
crosshead movement was continued until the portion of the

4
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t ubi ng was coll ected and re-dissolved in acetone. The resulting solution
was filtered, follow ng which the acetone was evaporatg? of f, gb | Nng a
cyanoet hyl ated pol yner 20 derivative. The pol yner deri vaf /3eaRa ied in
vacuo, then wused to neasure the conductivity. The infrared absorption
spectrum of this polymer derivative showed no hydroxyl group absorption,

confirn{ng L re ped wi t.h cyanoet hyl groups
(cappi ng- rgt?%igé%%gﬁagg%%€é§%%oﬁ5%bet ation: A
pyaPﬁethyMQ@éﬂrgmeyheréﬂéggiEEZFQ swhﬂqntﬁﬁntnibestfﬁﬂﬂ1sﬁrﬁfghf;xmmfﬁles
in e s PBRNRELASHiI N _3‘%2@% ]p%hgc,%i@q&leé yl ating e
respectisgpgolyners o%fa?ned I n i?%h S éﬁﬁﬁés o 7. The infrared
absor pt i ofi® ﬁE@%F%dofr?mth%sﬁﬁﬁm felns| Berk tead vin iaceprdarowedrieh hydr oxy
group sabsprptggagiconfirmng that all the hydroxyl groups were capped with

cyanoet hyl groups (capping 35 ratio, 100% . 17 January 2004 El ectrolyte
Conpositions for Electric Doubl e-Layer Capacitors (1): The respective

cyanoet hyCQMPARDDIVREEXHMPILNat i ves 5 prepared in Synthesis Exanples. 8 to

14 were dissol yed . ther with tetraethyl a i um tetrafl uoroborate

(( C2H5) 4NBF4)Xiﬁo%%ggfi%@%?%f%i%%ib%‘FP%%‘y%gg%?fe?W%%i%wl%i ght of (

C2HS) 4NBfaleatrohetpotymposiieiowafoweelidcienid deuee!aydr 1 kg. The

resultg n | u essure to. allow the .

ot arydrotnrahtose [aS brebhEE Ky BSE ST BSTRM tad St ot

el ectrol yB¥ECeBhpteat pelvethvlsre ¢lngobihaving o wiightiaveiads e- | ayer

capaci t ormo1dbe188NGEEEhYI b¥ B bp@@eSﬁé@@W%&%@%ﬁEﬁ ftﬁQ%]oﬂﬁnéf.Su' ting
ed bel ow. e

~conposi tions (fonplexgségwe[e neasured_as descri ¢
.r oom t enper at ut' 8 sFRREUGELVIFYE @R Porg o5 tEeReth | of ekl (FRFLEMRS resul ti ng

conposi t i comphsx eéde measured by the methods described below. The
15 room-temperature state was visually evaluated. 1In addition,
the complex obtained in this example was held at 100°C for 5
hours, and the percent weight loss by evaporation was
measured. The results are presented in Table 4.

20 ®) R E 2
A hydroxypropyl cellulose¥supported electrolyte complex
(electrolyte composition for electric double-layer
capacitors) was prepared by the same method as in Example 1,
except that hydroxypropyl cellulose was used as the polymer.
25 The conductivity and bond strength of the resulting
complex were measured by the methods described below. The
room-temperature state was visually evaluated. In addition,
the complex obtained in this example was held at 100°C for 5
hours, and the percent weight loss by evaporation was
300 measured. The results are presented in Table 4.
COMPARATIVE EXAMPLE 3
A cyancethylated hydroxypropyl cellulose-supported
electrolyte complex (electrolyte compoéition for electric
35 double-layer capacitors) was prepared by the same method as
in Example 1, except that cyanoethylated hydroxypropyl
cellulose was used as the polymer.
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at 100C for

5 hou

rs,

and the percent weight

measur ed. The results are shown in Table 3.

was pl aced between two copper sheets

conductivity was

procedure st andedeoh@ctdietiyVs:
thi ckness o

copper

sheet

th

“length of 5§

as the adh@mﬁﬂ&emﬁh&a@h@@t&Qbibewﬁgngﬁ§hhﬁﬁ

capaC| tor % V\B.S

mat eri al

wer e aitabn®¢stoahdxahbepaicéhaﬁﬁélgntalb%%tb?geqﬁ
was carrlﬁgasgggd Th@h
crosshead novement
test piece remining bonded was about 10 mm The

separ

| oss by
20 Conduct i

ated by a 206¥H%$Sﬁg?&kﬁ

determ ned by AC i npedance neasurenent.
The bond strength was determ ned based on the peel -type

a

dsﬁgndT%EEQngp B? §§§5§gﬁsggﬁﬂg

evapor ati on was
onpl ex

dt

he

25 Bond Strengt h:
bond strength test

ically,
and a

a

FRrEh Reafygete &Y §Dﬁfm@éhpﬂéaﬂeacmubhdshempﬂperThas used

cop ere

2 EQ%:L‘SB‘EEH ! CI

asa

gl eabayer

|ed o.the
H%a&n?dpééltpé§texﬁm§éé WBﬁtheéﬁdétoiOOh@ festSplece

ros
was

" BRRlRE o

was set

at 10

gbtaﬁloﬁn
aEﬁtPFeﬁﬁEtBQrFPoﬁaB%etﬁe 17 January 2004

measurenent results were

mi mn, and

tetrahydrofuran.
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In each example, the resulting solution

Hageasur enment

subjected to best-fit straight line roxi mation, and the peel-type bond
strength was deternined fromthe ré%%ﬁg%ng peel load in accordance with 5
JI' S Z8401 COVPARAT] '“““;“ '[é pol-yethylenre—ghyreol-—supported
electrol yte corrpl ex BT tyol y?% 95 Tt | 6{H°’T“Q?t P&faéﬁ’ferl c"regggg@;gﬂn‘é’ye
capacitor§&qu eparga o rag sanenethof—as—+h—EBxarpte except—t
pol yet hyl e grycal v?"r’i& a wei ght®3%er age TiheEE rad wm ght <®fl£2000
2000) was mxsr@deazs the; p&hymer . The Lopduct i V|Itu¥beq.pgo strepgth of
-resul ti ng—conptex were—rreastred—by—the—rethods—descH ﬂi bel owi" The
“room t enper 3PS st at®e3WAS " vi ual | y-@val uaf ecrsblemy ZAEHA | BN, t ke 180npl 4
obt ai ned |igal LS €Xa s Neld af ,I00C for_5 —hours, @nd the perc
nei ght 1 il rﬂ?jl;@rl\?rf]"a‘m A o rubbery solid <0, 1%
Example 5 1.00x107% 0.81 rubbery solid <0.1%
Example 6 0.80x107* 0.62 rubbery solid <0.1%
Example 7 2.00x1.07* 0.56 rubbery solid <0.1%
10
Table 4
" Comp. Ex. 1 Comp., Ex. 2 Comp. Ex. 3
Conductivity (5/cm) 8.50x10°¢ 7.60%x107¢ 6.80x1074
Bond <0.01 <0.01 <0.1
ond strength (kN/m) (not measurable) {(not measurable) (weak adhesion)
Room~temperature state solid solid rubbezry solid
Welght loss b
evaporation ¥ <0.1% <0.1% <0.1%
EXAMPLES 8 to 14
15 Electrolyte Compositions (2) and Solid Polymer Electrolytes
(1) for Electric Double-Layer Capacitors:
The respective polymer derivatives prepared in
Synthesis Examples 8 to 14 were dissolved together with
tetraethylammonium tetrafluoroborate ( (CHH;) NBF,) in
20




measured. The results are presented in Table 4. 20 COVWPARATI VE EXAMPLE 2 A

hydr oxypropyl cell ul ose-supported el ectrol yte conpl ex g Iectr05§ f
conposition for electric double-layer capacitors) was JpAYaRY é the same

met hod as in Exanple 1, except that hydroxypropyl cellulose was used as
the pol yner. 25 The conductivity and bond strength of the resulting

A waeTa NERS Wi prodifodf PLESRS N4 O A A SOBlPAHERE T
exanpl e vkR Wétraora@tqeo@t%t @rm@rmm tm@WEM melmhym by

evapor at i gTye&s &fn fﬂ ﬁféﬁg g’abl
CNPARATIX%% N; noethy t ed hy rof?% cel ose- supported
el ect r ol yi % Cohpt ekO (]%‘F%‘HIF YR% 2DnpBRessbinking eﬂ&%lt?ll: ) 3n@oubl e- | ayer

capacist ormg t NSy s Epatieg detg@ymmm%ﬁ@a@h@oér &xcept that
cyanoet hy(t}g#]%ﬁlgh?/drox%ghgg cel |l ul ose was used as t Iyrrer 17 January
2004 The ¢ Viey bond st?%ﬂﬁﬁtﬁ?ﬁl§9m?9%ﬁﬁn%lhdwe B yer e
measur ed mbmmmmwa@hmam Jd@edfmmtﬂt@ei@gw@léﬁ@ée was
visually | t.he ¢ ex o tai ned i I s exanpl e was
hel d at 1 %gg%& hnlolg?% 4 Pé;a?%oer psé‘il EE ?’B%‘%ngyogvaporat i on was
measur ed. Qﬁﬂ§34ﬂﬁﬁht§a§ré ppésepeudknmoﬁabmeoﬂ tRabtemBiGeddweti ighitt y£Bond

strengt h HeOMASRREI &tk e wei ght 1 oss by (S/cm (kN n)stateevaporation
Exanpl e 16.30x10-40. 72r ubbery solid<0.1% Exanpl e 23. 80x10" 40. 70r ubbery

sol i d<0. 1% Exa’FFb% 19, stha olzgredienberyers| ¢hragad, Bxaswtle a way
42, 40x10"t1£h80twbaeéygﬁpld>ﬂ<€bti%sﬁwfpl 183 €AX10248n81640RARY pBaYindz0- 1%

derivative plus the weight of polyethylene glycol
dimethacrylate plus the weight of methoxypolyethylene glycol
15 monomethacrylate plus the weight of azobisisobutyronitrile
was 1 kilogram per mole of the (CH,H,),NBF,, thereby giving
the electrolyte compositions for electric double-layer
- capacitors of Examples 8 to 14.

/

The resulting cdmpositions were cast using a doctor
20 knife applicator, themn heated at 100°C for 1 hour to induce
curing, thereby giving the solid polymer electrolytes
(films) for electric double-layer capacitors of Examples 8
to 14.
The electrical conductivity and bond strength of each
25 of the resulting solid polymer electrolytes (films) were
measured by the methods described below. In addition, the
room-temperature state of the solid polymer electrolyte was
visually evaluated (S: soft paste-like solid; L: highly
viscous liquid). Moreover, the solid polymer electrolytes
30 obtained in these examples were held at 100°C for 5 hours,
and the percent weight loss by evaporation was measured.
The results are presented in Table 5.

Conductivity:

35 The solid polymer electrolyte was rendered into a 200
pm £film, sandwiched between two copper sheets, and the
conductivity was determined by AC impedance measurement.
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Exanpl e 60. 80x10"40. 62r ubbery sol i d<0. 1% Exanpl e 72. 00x10-40. 56r ubbery
solid<0.1% 10 Table 4 Conp. Ex. 1Conp. Ex. 2Conp. EX. ? gbnducébé%ty
(S/cm 8. 50x1067. 60x10- 66. 80x10' 4 Bond strength (kN n) <O. 614 (not
measur abl e) (not neasur abl e) (weak adhesi on) Roomt enperat ure
statesolidsolidrubbery solid Wight |oss by <0.1%0. 1%0. 1% evapor ati on

EXAMLES 8BbadJat#éngtrctrol yte Conpositions (2) and Sol'id Pol ymer
El ectrol ytes El ectric Doubl e-Layer Capacitors: The respective

for
pol yner derlvaﬁﬁ% cRoRd SbreRoth vag ndpberningdnbasedgor othe DE¢b-ﬁNBeolved
t oget her boha stféngemhyé@cﬂnpmwaﬁﬁér@féﬁ@éﬁéér%f LGHEET R ADBF4) 1n 20 .
tetrahydrgéy£ﬁnln E ggﬁ gé %p Ef resulting solution 17 January 2004
was hel d GRaer +adld {# surePeS LI PRILY heCoRPRENGREBESI Bhtht® evapor at e.
Next , 5pr eﬁhiekmsnsdoﬁn@u@tmpfap@ia’ehhdfems 4SJ:WCQ|mldl aﬁahacwﬁgtﬁ epunber
of oxyeth u dto he aft "crosslinking agent
1") and 5¥ggt ox@%éfye?%y?en %?9% erbho ﬂaﬁ%?ﬁa?@n?ﬂﬁﬂﬁﬁrwﬁ?
‘ oxyethyle%%e@naﬁstHBQHdh@r@s@llHKm@gehgehtoﬂjieweompadﬂeﬂon for
Azobi si soQuby RPNkt n were charged
into a reactor suc%béﬁg%@? ?gg¥o€%ﬂﬁé£)ahﬁg¢§gm§§£ﬂeﬁﬁltﬁ%
ki | ogr am SPPRHE %%R%F?R@ﬁw@$g%tb@mdlﬂg laper ngthereby sgiThag asT- pbel

| ngr exi entesueprechar gedkh rosdsof YRY ribe! i@&‘evﬁéﬂét fcaé}gé@ ANBF4
? he wei g yet hyl ene

| us the of ,the polyner derivative
8| ycol ﬁ%?’ﬁ%% G1ms B?‘h}s/ th%sm%rﬁ'afahl%t h@%@p@%éﬂﬁ%@n‘é Yjﬁ?col

carried out. The crosshead was moved at a speed of 10010.2

mm/min, and crosshead movement was continued until the
portion of the test piece remaining bonded was about 10 mm.

15 The measurement results were subjected to best-fit straight
line approximation, and the peel-type bond strength was
determined from the resulting peel load in accordance with
JIS Z8401.

20 EXAMPLES 15 to 17
-Electrolyté Compositions (3) and Solid Polymer Electrolytes
(2) for Electric Double-Layer Capacitors:

‘The respective polymer derivatives prepared in

Synthesis Examples 8, 11 and 14 were dissolved together with

25 tetraethylammonium tetrafluoroborate ( (CH,H;) ,NBF;) in
tetrahydrofuran. In each example, the resulting solution
was held under reduced pressure to aliow the tetrahydrofuran
to evaporate. Next, a predetermined amount of a
polyurethane crosslinking agent composed of a mixture of

30 liquid polyol and liquid isocyanate was added. The liquid
polyol used for this purpose was a glycerol-based ethylene
. oxide/polyethylene oxide = 8:2 copolymeric polyol (OH value
= 1.215 mg/kg; referred to hereinafter as "crosslinking '
agent 3"). The liquid isocyanate used was polyisocyanate

35 (NCO value = 7.381 mg/kg: "crosslinking agent 4”). The
respective ingredients were charged in such a way that the
weight of (CH,H,),NBF, plus the weight of the polymer
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15 mononet hacryl ate plus the weight of azobisisobutyronitrile was 1

kil ogram per nole of the (CH2H5) 4NBF4, thereby, giving,_the elégérolyte
conposi tions for electric double-1ayer capacitors of EXANPMERY&0PY 14, The
resulting conpositions were cast using a doctor 20 knife appllcator ~then
heated at 100C for 1 hour to irnduce curing, thereby giving the solid

pol yner el foi t | a aC| rs of

Exanpl es éﬁﬁ?@@%%&%ﬁ éﬁ e#gg%rgggP%co%dE%glg ﬁgkéngo Xﬁa 3 Pgntﬁﬁ of . each
25 of the“eddht ﬁﬁbt§@|m§og6ayn§a éuquudoW§Se§ Kilbgrﬁmmpee mu&esufed by

t he net hodmedqmngemgp e ddhyA Uit ’t heq %ro?%#) te of
t he SO|Id y el'ecttolyte wds ~ vis y eva uate S: 5 i ke
solid; L: ﬁH%Ct$F§C98§b Seftiar) N@Pé@@éﬁrstﬁﬁ EEﬂmEIQSIyﬁet0eléctrolytes

30 obtai ned In'Iml@eszesam&nbe@ow@bglh%ﬁsaﬁeﬂ:QOEaEeruélﬂauasdoc%@ the

per cent mghg%; |_os evap%g réesults are presented
in Table Sn&EE e®h e?BPﬁdaBoF9HEF @PEcirBPQFetﬂaénﬂéﬁQered
|nt8 a ZO@UﬁanIImhesawagdhedgbehéesﬁlimopsQﬁﬂ@f éhé@f%ol%@%sthe 2004
conduct i vig er y npedance neasuyr enent anuar

Bond Strengfﬁ h%% e g??%%g Ch&? §8¥8Fn9ﬁ880559€ﬁ Bh - EKETRLER- i

bond strei§t B7t-est procedure standards for adhesives set forth in JIS

K6854108pe0|f|Qﬁglﬁonggg@g§%§9e§%ﬁ ﬁbhﬁa?tﬁagggﬁkggsaagécgftFgg} a width of

25.4510.2 mmand a |l en een sur ed with
sandpaper TREMt 1H§e§°é§dtH€1¥8ﬁ§réhﬁctrﬁéY§¢§c(f®lySé wenposeasumefior

electric 6guhhe-bamerm@@ﬁaalhgrinmgﬁaﬁ ptked bstygenphhe. ceprer adherends
-as a bondhaglkgg %hereb |V|ng peel 10 test piece. Both ends of the
‘test piec8NArE Rt & ﬁeﬁoP PRS: PE“EPaﬁB@t%nOQ tkst FR§idupRlF@ETaNd

neasur enerfentisolyser wad vibualbe evatahtad (Bs AB¥edpabta-spred of 1000. 2
i m s agd1§69SERCAT GHRYCHRREWAS1 $RE b uedYnL Ll Ehe e sotlia
polymer electrolytes obtained in these examples were held at
100°C for 5 hours, and the percent weight loss by
. evaporation was measured. The results are presented in

Table 6.

20
EXAMPLE 18
Nonaqueous Solvent-Containing Electrolyte Composition and
50l1id Polymer Electrolyte for Electric Double-Layer
Capacitor: |

25 A mixture was prepared by adding 0.2 part of

polyethylene glycol dimethacrylate (number of oxyethylene
units = 9; crosslinking agent 1) and 0.2 part of
methoxypolyethylene glycol monomethacrylate (number of
oxyethylene units = 9, crosslinking agent 2) to 1 part of
30 the polymer derivative from Synthesis Example 8, and addlng
also azobisisobutyronitrile.
The mixture was then dissolved in a 1 mol/L solution of
tetraethylammonium tetrafluoroborate (C,H;) ,NBF, dissolved in
1.4 parts of the nonaqueous solvent propylene carbonate such
35 as to set the weight ratio of the mixture to the nonagqueous
solvent at 1:1, thereby giving an electrolyte composition
for electric double-layer capacitors.
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" portion of the test piece remaining bonded was about 10 nm -15 The
measurenment results were subjected to best-fit straight,_line
approximation, and the peel -type bond strength was det &f HPW&@Y P8 t he
resulting peel load in accordance with JIS Z8401. 20 EXAMPLES 15 to 1-7
El ectrol yte Conpositions (3) and Solid Polyner Electrolytes (2) for

El ectric Doubl@hbaiééuiﬁﬂﬁgl&8&§osi@§0ﬁ9§9§céé§€ ﬁ%# §m§ AL YR ULY £
1 I SSO

prepared in_.Syn 8, 1 wer e ved togefﬁer W th
25 tetrae?ﬁ?#éﬁﬁ%ﬂFunﬁP@PrBFPE%ﬁoﬁBré?% @(?92%%)hQ$E§ﬂB infuee r ahydr of ur an.
I n each erxmmphg, therebguyiiviggsal sbioa pM@?m@ﬁ'éﬁéﬁ@@ﬁl{@@uﬁﬁghﬁfessure to

al ow theg 5§tEEQXQ?Q%E?ﬁﬁbéégﬁ$¥§§ﬁ%%g§31€Er a predeterm ned anount of a

pol yur et hane CroSs PLS: m xture of 30 liquid polyol
and |i%ui d i sothenaveduatiafittedandhbohd gsttength yof tisedrdsiiting purpose

| t t hyl |
bolyol (e LEl, Basglef, OYLBPEo1 B ELER) Wiy offe el Tar hE Eifanl ng.
agent 3")me?h@d$|qa|@n|EﬁémahaseSUSlemaab@wéylsbnyammieioﬁS IO val ue =
Char geq i poome EEABELLBHERTSEIER! of tne 108114 BRRMGA RIS ST S F Lhe o
t he poIyn¥F5u36127eY§%H§F962©§4 geffvhaste-pike sobideghthighine |iquid

pol yalo pl ugstbes wegghd)of «he régﬁlﬁgaéﬁe'tﬂé'éé'nf@é in kbd0DE agn per nol e of
t he (CH2H5) 4NBF4, thereby giving the electrolyte conpositions for electric

doubl e-l ayer capacitors of Exanples 15 to 17. 5 The resulting conpositions
wer e castEXAMBOEAal#loctor knife applicator, then heated at 100 C for 1 hour
“to induce curjfg | soI ct.r Iy es (fiInB)
-f-or electric oub?léPg£§?¥Egpééﬁﬁg%ggﬁ %ﬁp?%%gﬁgl 039
conductlv?@?aﬁ%ﬁobﬁnﬂagtPEﬁg@hedfbEatheo$ameemethQ@Iasngnsnkambpmly&er

el ectys0l ybgsept| tHEY ¥RECDIRFRMFCEerivative from Synthesis Example 9
was dissolved in a 1 mol/L solution of tetraethylammonium
tetrafluoroborate (C,H;),NBF, dissolved in 4.2 parts of the
nonagueous solvent propylene carbonate such as to set the
welght ratio of the mixture to the nonaqueous solvent at

20 1:3.

The resulting composition was cast using a doctor knife
applicator, then heated at 100°C for 1 hour to induce
curing, thereby giving a solid polymer electrolyte (fllm)
for electric double-layer capacitors.

25 The conduct1v1ty and bond strength of the resulting
solid polymer electrolyte (film) were measured by the same
methods as in Examples 8 to 14 above. In addition, the
room-temperature state of the solid polymer electrolyte was
visually evaluated (S: soft paste-like Solid; L: highly

30 viscous liquid). The results are presented in Table 6.

COMPARATIVE EXAMPLE 4
A complex (electrolyte composition for electric double-
layer capacitors) was prepared by the same method as in
35 Examples 8 to 14, except that polyethylene glycol having a
weight-average molecular weight of 2000 (PEG 2000) was used
as the polymer.
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by the sane nethod -as in Exanpl.es 8 to 14 above. In addition, the
roomtenperature state of the solid polynmer electrolyt s visually

eval uated (S: soft paste-like 15 solid; L: highly viscoEE“gWﬁﬁY§$04
Moreover, the solid polynmer electrolytes obtained in these exanples were
_held at 100C for 5 hours, and the percent weight |oss by evaporation was

measured. The fgsuk} da&ei?%?ie%%&db$ﬂ 'Jﬁgéﬁ%@hééﬁ{ﬁ%gﬁhgﬂéftﬁﬁ aqueous

- Sol vent - Cont ai ni ng El ectro nposition an ctrolyte
for El ect PFPREPEBHDYRTEaPRRASUTRG Yt tike PaNA MmeKiode amsiprBpametedys addi ng

0.2 part &6 1p0hyevBY! eng SHIELEL ol MBADAEE Yh Ot Smbd eoét%_‘é(eﬁf'y{l%‘e
units = 9; ssllnklngsggent 1) and 0,2 gart of~ nmet hoxypol yet

cr . | ene

gl ycol nnﬁBﬂ%fﬁﬁcW?FaY itBepvatuateyef yl%ﬁ%tuﬁ¢$§e:1§$ec$%%%glhﬂtng
agent 52) hibghlparisobusO1ifei@pl ynesrderéyat tNe &E6mPLSYNbbhesisexsapl e 8,
and addi ng, ; |$2 angisisoguigrOFiLé%J$. The_nj xture was then dissolved in
a | ol /LYo utTONPeP YRRt PR HYT atBnt uhPT ef rRePPEDr ol atRe (RSFB§ANBF4

di ssol vedwehght. Jopar by efapbeatboaguesuseaotve! prepyreseLEarfpgate such
35 as to Eéséﬂﬁeﬁeiﬁh&aﬁféi9 of the mxture to the nonaqueous solvent at
1:1, thereby giving an electrolyte conposition for electric double-Iayer
capacitors. 17 January 2004 The resulting conposition was cast using a

doct ofg kng bpakQimpipen heated at 100C for | hour to induce curing,

thereby giving_a solid po Xner electrolyte (film for electric
doubl e- | ayer- cApSerPse¥. (slepbrebybaceripegibhen bbpn eleehyin deubhe-

resul ti nglageri dapabytetsel easr praperédi by) ther SafiBagdtRdabyst g sanme
~met hods ag in fxanglgs ﬁ%to 14 apove. laﬁ ddition, the _roomtenperature
-state of the Bortd-poPyfer EFEEPFotyEE O¥YREGPYY €5hfUAPER ¥&5 soft
past e-| i Kesed| ag; the bogpngr.
15 The conductivity and bond strength of the resulting
complex were measured by the same methods as in Examples 8
to 14 above. 1In addition, the room-temperature state of the
complex was visually evaluated (S: soft paste-like solid; L:
highly viscous liquid). Moreover, the complex obtained in
20 this example was held at 100°C for 5 hours, and the percent
' weight loss by evaporation was measured. The results are
presented in Table 7.

COMPARATIVE EXAMPLE 6

25 A complex {(electrolyte composition for electric double-
layer capacitors) was prepared by the same method as in
Examples 8 to 14, except that cyvanoethylated hydroxypropyl
cellulose was used as the polymer.

The conductivity and bond strength of the resulting

30 complex were measured by the same methods as in Examples 8
to 14 above. 1In addition, the room-temperature state of the
complex was visually evaluated (S: soft paste-like so0lid; L:
highly viscous liquid). Moreover, the complex obtained in
this example was held at 100°C for 5 hours, and the percent

35 welght loss by evaporation was measured. The results are
presented in Table 7.
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1D vi scous |- quid).
el ectrolyte conposition for electric double-Iayer
15 except that th

by the sane -nethod as in Exanple 18,
from Synthesis Exanple 9 was dissolved in a 1 nol/L solution of

tetraet hyl ammoni um

or S

e

JanARL 200

The results are presented in Table 6. EXAVMPLE 19 An
capa r epar ed

rivative

tetrafl uoroborate (CZHS) 4NBF4 dissolved in 4.2 parts

Table 6
(parts by weight) Exzample Example Example Example Example
15 16 17 18 19
Syn. Ex.8 1 1
Pohmmr Syn. Ex.9 1
derivative Syn. Ex.10 1
Syn. Ex.11 1
Nonagueous solvent
(propylene carbonate) - - - 1.4 4.2
Crosslinker 1 0.
Cross- Crosslink
linking er 2 0.2 0.2
agent Crosglinker 3 0.17 0.256 0.256
Crossiinker 4 0.03 0.044 0.044
Conductivity (S/cm) 4.70x10™ | 1.80x10°¢ | 1.90x10* | 1.70x103 | 3.70x10"?
Bond strength (kN/m) 1.09 1.00 0.61 0.38 0.24
Room-temperature state s s s s s
Weight loss by
evaporation (%) <0.1 0.1 0.1 - -

-50-

of the nonaqueous solvent'propylenegégg§$§ete such as to set the weight
ratio of the_mxture to the nonagueo ent at 20 1:3. The resulting
conposi ti pn pass GASL:ghS| ngs:am;dec tnea“mpiemﬁxanplabp,la}ngat Q;:amp;ehtegmm,qgl &d.gL 100C
for 1 houp—teoinduce cur[ng? therdby |gi VPngla Holild pol yjrerizel ¢ct 1ol yte
(film for el e¢tvyri 8.doub] e-kayer capgcitors| 25 The conductivii{y and pond
strength of .the ﬁgsnglng solid pquaér erertTorytre—(fHm—were—+easw ed
by the safe nmethods—as—h Exang#es—g-LQ_LA_aboMe_an_addLLion the
room t enphakr ¢81 B-&° of | the so¢lid pdlyrer glectrolyte was vigually
evaluatedtﬁ@wisjﬁt paste-|i ke s¢lid; L. high y §0 I'scous| ITqur¢)y. Tn
results afé preagptgpli rapt COVARATHME E—4—Acorptep—eleetrolytp
conposi ti pn for eteetr+c—doubled | ayer| capac|tors) {was prlepared|by the|sanme
met hod as|in 35’¥&aﬁ%F%S B _to 14, excqpt thaf polygthylene glycol having a
wei ght - average mphesukar Wei ght of 2000 (PEQF Z000) [Was USjgd—as [h?
pol ymer. an 2004 The—conducttvwHty—anpf—benrdist+engt-h—of {he
resu|tingléﬁémp@£’¥m‘¥"r41 sired by*tHe &dne nﬁf%og§ %2 il Eeampl 528 | to
14 above. |FH"addFtstiterthie Poom t enperjat ure St ate ¢of d.he | conpl ex RS
visual |y puauatied &8 sof £..pas{ exbideq SR To,,o MLONLY VISEoRs Lia d).
~Nor eov_er BLrﬂ tge(% | 8‘(%3 m(fUL al (l)lcu thirs—exarpte—was QC 5
~hours, "an drcent™ wei YRt 0850y v¥nof abi¥6n | wds2ndasured]| vie
resul ts ajfermseresnteetiaten Tabl e| 7. s10 COMPARATI ¥E EXANPLE 5 ¢ s

Welght loss by

evaporation (%) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Crosslinker 1: Polyethylene glycol dimethacrylate

Crosslinker 2: Methoxypolyethylene glycol monomethacrylate

Room- Temperature State: -

5 S: Soft pasty solid
L: Highly viscous liguid



~ A conplex (electrolyte conposition for electric doubl e-
was prepared by the sane nethod as in
cel l ul ose was
bond strength of the resulting
as in Exanples 8

hydr oxypr opyl

to 14 above.

I n additi on,

the conplaeossasnkiezual;l v pew: e‘tﬁﬂ@rl@s'gl aby

visCouiné%nd .
at 100C fo _
measur ed. Cifeessldsiklelrs 3ar e Ethy2 208! ogtia-pabethyl

-conpl ex ( t.rol yt.e conposition for
pr epar ed E%ﬁ% %yhééﬁg P€5E8§ as in

o

reqver

{
T 25d Med

e conp

ex obtal ne

el ectric doub
Exanpl es 8 to 14,

Exanples 8 to 14,
used as the polymer. 15 Th&/ damamnc2l4 ty and
conpl ex -were neasured by the same net hods
the roomtenperature state of

gﬁh%h%i§§ %%Eid; L: highly
] %ls exanpl e was hel d
hesrpedyetiwilghe gdycoBy menapertiicaylaie

B ORI

except that

| ayer capacitors)
except that

cyanoe? hy |Gross ttiydeax vipr opyllyicelyahate was used as the pol yner. The

conductivmg%m@@g@§@ggtﬁggeggéﬁ8

by the sanme neth

obtained in

ods as I n

"es 8
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oC for

to 14 above.

Mor eover,

5 hours,

wei ght | oss by evaporation was neasured. The results are
Tabl e1@. 17 January 2004 Table 5 -(Parts by

wei ght ) Exanpl eExanpl eExanpl eExanpl

eExagEIeExanpleExanple 891011121314 Syn.

h of the resulting 30 conplex were neasured
In addition, the

roomt enper at uSe sEQEfé pestiyesodadpl ex was visually evaluated (S: soft

paste-like sol ikd; b3 gnAlbolhi%oyl,SC
this exanplfe was he

t he conpl ex
and the percent 35
presented in

EXAMPLE 6 25 A
capacitors) was

Ex. 121

Ex. 8] Syn. Ex.91 Syn. Ex.101. Pol ynmetd H¢a- Syn. Ex. 111 tive Syn.
- (parts by weight) Comp. Ex.4 Comp. Ex.5 Comp. Ex.6
PEG 2000 1
Polymer ﬂydroxypropyl cellulose 1
Cyanoethylated
hydroxypropyl cellulose l.
Cross- Crosslinker 3 1.
Iinking > i 0:
agent Crosslinker 4 1.5 1.5 1.5
Conductivity (S/cm) 1.80%x10°% 2.00x10"¢ 3.90x10
<0.01° ' <0.01 <0.1
Bond strength (kN/m) {not {not (weak bond
measurable) measurable} strength)}
Room-temperature state s ] s
Welght lJoss by evaporation(g) 0.1 <0.1 <0.1

15

20

25

Crosslinker 1:
ersslinker 2:

Soft pasty solid
Highly viscous liquid

Polyethylene glycol dimethacrylate
Methoxypolyethylene glycol monomethacrylate
Room-Temperature State:
S:
L:

The electrolyte compositions énd solid polymer
electrolytes for electric double-layer capacitors of the
invention are endowed with high ionic conductivity, high
tackiness and, particularly in Examples 8 to 19, excellent

shape retention.

Hence, they are perfectly suited for use

as solid polymer electrolytes (separators) for electric

double-layer capacitors.
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Syn. Ex.13 Syn. Ex.14 1 Cross- Crosslinker 10.20.20.30.30.30.30.2 |inking
agent Crossl i nker 20. 20. 20. 20. 30. 30. 20. 3 Conductivity

(S/ cm) 4. 50x10" 5. 90x10' 4. 00x| 0" 41. 60x109. 20x10' 51. 80x10' 41 Jamern2@04Bond
strength (kN m0.820.901. 180. 660. 721. 210. 62 Room tenperature stateSSSS SSS
Wi ght | oss by evaporation ($)<0.1<0.1<0. 1<0. 1<0. 1<0. 1<0.1 Crosslinker 1:

Poiyethylgggﬂgﬁzggb di methacryl ate Crosslinker 2: Methoxypol yethylene
gl ycol nonornet acril ate Room Tenperature State: S: Soft pasty solid L:

Hi ghly vi 8ebasiraliedeYasteode ¢ farminaycompet iicx aapl P EhamptabExanpl e
Exanpl e Exagpteo@¥n(1fx. 815 161718 19 11 Pol yner Syn. Ex. 91 derivativeSyn.

: . Ex,. 3.1 1 _Nonaqueous solvent ---1.44.2 ropyl ene car bonat e)
Ex. 101 Syn Phenol-derivgd activated carbon (manuéégtured by Kansai

5 Netsukagaku K.K.; specific surface, 1860 m?/g; average
particle size, 16 pm) as the large surface area material and
carbon black (average particle size, 20 nm) as the
conductive material were added in a weight ratio (activated
carbon/carbon black) of 18:2 and mixed.

10 The resulting powder mixture, the polymer derivative
from Synthesis Example 8, and N-methylpyrrolidone were mixed
in a weight ratio (powder mixture/polymer derivative/N-

'} methylbyrrolidone) of 20:1:30 to form a polarizable
electrode-forming composition.

15 The polarizable electrode-forming composition was cast
onto an aluminum current collector using a doctor knife
applicator, then held at 80°C for 2 hours to evaporate off
the N-methylpyrrolidone, thereby giving a polarizable

- electrode.

20
EXAMPLE 21
Polarizable electrode-forming composition and Polarizable
electrode (2):

Phenol-derived activated carbon (manufactured by Kansai

25 Netsukagaku K.K.; specific surface, 1860 m’/g; average
particle size, 16 ym) as the large surface area material and
carbon black (average particle size, 20 nm) as the powdery
conductive material were added in a weight ratio (activated
carbon/carbon black) of 18:2 and mixed. _

30 A binder resin was prepared by adding 0.2 part of
polyethylene glycol dimethacrylate (number of oxyethylene
units = 9; crosslinking agent 1) and 0.2 part of
methoxypolyethylene glycol monomethacrylate (number of
oxyethylene units = 9; crosslinking agent 2) to 1 part of

35 the polymer derivative from Synthesis Example 8, and mixing.

The resulting powder mixture, the binder resin, and N-
methylpyrrolidone as the diluting solvent were mixed in a

-62-




Crosslinker 10.20.2 Cross- Crosslinker 20.20.2 Iinking agent Crosslinker :
30. 170. 2560. 256 Crosslinker 40.030.0440. 044 Cbnductivitﬁ :
(S/cm 4. 70x10" 41. 80x10" 41. 90x10" 41. 70x10- 33. 70x10' 3 Bond’ danusyefd4

(kN m 1. 091. 000. 610. 380. 24 Roomtenperature stateSSSSS Wi ght | oss by

<0. 1<0. 1<0. 1-- evaporation (t) -60 17 January 2004 Crosslinker 1

P|O| yelt hyl veegatysetidi (BoRIEF ymﬁﬁuré?@fﬁatfrfésﬁn/ﬁ%t hgélypol Kslt Q%Ieegil e
col nono acr i nker_ 3: yl ene ox] de
gogolyner?%gggi93F¥%f%§ﬁ%é$ %ée?°4 : 3R 1P sbeynat ol ¢E&ﬁﬁh¥§perature St at e:
S: Soft paiéytso&edfbrmthghéqmpm§£©ﬂ6nlEqukgoég ;aFIe 7 gparts by
wei ght) Conp L EX.5 0 ro
cel I ul osel CyE?%% §¥3f%ﬁ??£€n%}%g¥5°@e £%¥%+%% §lt %é%%?d%§¥
31.50150.Gnton&nnglagénmm)cﬂstémkecoﬂleéﬁoﬁluélﬁDHQUQécvmiyknlfe
(Slcnjl-B£5ﬁ9i§§t99¥19ﬂ§§'ﬁ@f&oéé é&p& f8r0} hours to evaporate off '
the N-methylpyrrolidone, thereby giving a polarizable
electrode. '

10 EXAMPLE 22
Electric Double-Layer Capacitor (1):

A separator composed of a separator substrate (PTFE
poroué film) impregnated with a 1 mol/IL solution of
tetraethylammonium tetrafluoroborate ((C,H,),NBF,) dissolved

15 1in the nonagueous solvent propylene carbonate was placed
between a pair of the polarizable electrodes obtained in

Example 20 and pressure was applied, giving a film-type
electric double-layer capacitor.
The film-type electric double-layer capacitor thus

20 obtained had an aluminum current collector/polarizable
electrode/separator/polarizable electrode/aluminum current
collector construction, was capable of being charged and
discharged, and functioned effectively as an electric
double-layer capacitor.

25 |
EXAMPLE 23
Electric Double-Layer Capacitor (2):

A separator composed of a separator substrate (PTFE

porous film) impregnated with a 1 mol/L solution of

30 tetraethylammonium tetrafluoroborate ((C,H;) NBF,) dissolved
in the nonaqueous solvent propylene carbonate was placed
between a pair of the polarizable. electrodes obtained in
Example 21 and pressure was applied, giving a film-type
electric double-layer capacitor.

35 The film-type electric double-layer capacitor thus
obtained had an aluminum current collector/polarizable
electrode/separator/polarizable electrode/aluminum current
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<0.01 <0.1 Bond strength (kN m neasurabl e)(not (weak bond - : -
nmeasur abl e) strengt h) Roomtenperature stateSSS | Wi ght | oss by. ?
evapor ati on(% <0. 1. <0. 1<0. 1 Crosslinker 1: Pol yethyl enel§gPgausry 2004
di nret hacryl ate Crosslinker 2: Methoxypol.yethyl ene gl ycol nononethacryl ate
Room Tenperature State: 15 S Soft pasty solid L: H ghly viscous liquid The
el ectr ol yoo1vesRos! LbaBerantisn] | #aBOLuPEb1e SbeohERhY! ERalghaChas! fi C

I-0 0 W

doubl e- | ayer ﬁagacators of the 20 [nventi-on are en hr'gh ionic
conduct i VIE§CRRFERA - t 2R Furstippedpaffeetively as amambeetrscto 19,

excel | entdoahapelagtentapacitience, they are perfectly suited for use as
solid polyner electrolytes (separators) for electric 'double-I|ayer
capacitors. 25 17 January 2004 EXAVMPLE 20 Pol ari zabl e el ect rode-form ng
conposi t i BRAMBHFE P2dari zabl e el ectrode (1): Phenol -derived activated carbon

(manuf actgiedi h ckﬁ@ﬁg&eigagﬁ%sgéggﬁgg?g}g%iéspecific surface, 1860 nz/g; .

average particle size, urface area material and
carbon bl ack (Aveebgrapartcohposedeof28 separatdhesubebeatéi YRTREt eri al

wer e addegqi {ght | ctl r cay bon, bl ack). of 18:2 and
mi xed. 189%hgu€g§ﬁ%§?n%5%%é eéénéﬁggéégagﬁg %%Féngéedg}?ggf? ggefron1
Synt hesi sCERApLELIBR EpE flasthyepdevbledbagevecepacitdrsi afaEwemghe rati o

(powaier I sl o PbyAPho 8RELHL! HALN oFELAY! BYTLLLEEBIE) e PLogfbdedl to form
a polarla%?ge. el ectrode-form ng conposition. 1 e polarlga_Pe
el ect r ode? P oIRGB AHPIBn20adnd BFessure was applied, giving a
film—type electric double-layer capacitor.
The film-type electric double-layer capacitor thus
"obtained had an aluminum current colledtor/polarizable
i5 electrode/separator/polarizable electrode/aluminum current
collector construction in which the electrodes and separator
were strongly bonded, was papable of being charged and
_ discharged, and functioned effectively as an electric '
double-layer capacitor.

20
EXAMPLE 25
Electric Double-Layer Capacitor (4):

A separator composed of a separator substrate (PTFE

porous film} coated or impregnated with the electrolyte

25 composition for electric double-layer capacitors of Example
8 was placed between a pair of the polarizable electrodes
obtained in Example 21 and pressure was applied, following
which the assembly was held at 100°C for 1 hour. This
caused the composition of Example 8 disposed between the

30 pair of polarizable electrodes to therﬁally polymerize and
form a film-type electric double-layer capacitor.

The film-type electric double-layer capacitor thus
obtained had an aluminum current collector/polarizable
electrode/electrolyte (separator)/polarizable

35 electrode/aluminum current collector construction in which
the electrodes and separator were strongly bonded, was
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onto an al um num current collector using a doctor knife applicator, then
held at 80C for 2 hours to evaporate off the N-nethylpyrrolidone, thereby
giving a polarizable electrode. 20 EXANPLE -2, 1 Pol ari A&6peuary 2004

el ectrode-form ng conposition and Pol arizable electrode (2):

Phenol - derived activated carbon (manufactured by Kansai 25 hbtsukagaku

K K. ; specabableubfapeing86HatBbd; aﬂ&eaﬂgﬁ nﬁ%ﬁ'cé Sfﬁﬁctigpgaj as the

Iarge surf% ﬁ%rea material an carb rage particle size, 20
nm as th& %8 &y YcSﬁdGEtP@écﬁﬁ%ﬁr@ﬁpbﬁﬁréaﬁﬁﬁeﬁapﬂcatQékght ratio
(activated carbon/carbon black) of 18:2 and m xed. 30 A binder resin was

pr epar ed E?Aﬁggbggro.z part of polyethylene glycol dinethacrylate (nunber
of oxyet hyTene ts = 9; crosslinking agent 1) and 0.2 part of

netho%ypoE}@pﬁynenEogbyeeLaanocaphemtykat5)(nunber of oxyethylene units =

9; i nki 35 th f
Synthes: s Examyl Sogaratyr, SompBBeh Bt AostPRrREoYoRERr ErrERuN BT Ene. bi nder
resin, anBONDUﬁefh%mbyﬂﬁetedone ampregndtédtwmghsbhueanemerelyt&ed ina 17
January 208648k ahbn! 8bk0s(BEMIEE &béwé%gggﬂeé hS3LEON: o (BXPPAEng

nethylpyréﬁlldone to forma polart zap
conposi ti WEHeP 6P§@|935Wéeél@cPﬁbEeOfothengObonpaabﬁeoalQQSroées 5 onto

an alunlnubtamné&ninCEkhﬁﬁl@rZﬂshﬁﬂ ﬁrggﬁﬁﬁé %ﬁéfﬁpPiEPPhg%égioH% §n hel d

at 80C fo % Hoggg tgsevggorate ﬁf a th yl pi
giving a polari zapl 8°SEPRLY rBaL. hed E%KN@QE 82fere thPErDouEhéSLayer
CapaC|torC@m;edAthepaomp051tmﬁn06£dEﬁémpléeparéigpoggasbé@ﬁgeﬁP{ﬁg por ous
Lot i PR o b o bRt o ek LS DL SR o

form a type electric double-layer capacitor.

15 The film-type electric double-layer capacitor thus
obtained had an aluminum current collector/polarizable
electrode/electrolyte (separator)/polarizable

. electrode/aluminum current collector construction in which
the electrodes and separator were strongly bonded, was

20 capable of being charged and discharged, and functioned
effectively as an electric double-layer capacitor.

EXAMPLE 27
Electric Double-Layer Capacitor (6):

25 The electrolyte composition for electric double- layer
capacitors of Example 1 was placed in a slight excess on the
surface of the polarizable electrode produced in Example 20,
another polarizable electrode of the same construction was
stacked on top thereof, and pressure was applied such as to

30 make the gap between the two polarizable electrodes 25 pm,
thereby forming a film-type electric double-layer capacitor.

The film-type electric double-layer capacitor thus
obtained had an aluminum current collector/polarizable
electrode/solid polymer electrolyte layer/polarizable

35 electrode/aluminum current collector construction in which
the electrodes and separator were strongly bonded, was
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15 i-n the nonaqueous sol vent propyl ene carbonate was placed between a pair .

of the polarizable electrodes obtained in Exanple 20 and pressure was
applied, giving a filmtype electric double-layer capadld&uaryB¥4i| mtype
el ectric doubl e-layer capacitor thus 20 obtained had an al um num current
col l ector/pol arizable electrode/separator/polarizable electrode/alum num

current ceklbadher o&0 Chh ei C
b@ @r o€0Bgk h &hQEge&aén s@fg%ﬁh éﬁ& a¥a f@ﬁgﬁféﬁgayer

dlschargedf fupcti onéd effective as an ectric

capaci t or f%c XRPYEas3aR eiertEipodonkleal@yerapapacttor2): A separ at or

conposed of a separator substrate (PTFE porous filnm inpregnated with.a 1
nol / L solﬁkhﬂﬁ%ﬁgzao tetraet hyl anmoni um tetrafl uoroborate ( (CZHS) 4NBF4)

di ssol ved onaqueous sol vent propyl ene carbonate was pl aced

bet weeh aEperctraf DbabmeLBayéﬁbtapaeiﬁsfrDﬂ?ﬁ obtained in Exanple 21 and

doubl
s She 1 1'm ¢ yiae, Elep PRI A8e Roomb LIRS Forteledrite annafdelatah an o
aIunlnunlgépﬁéhtocslDécEEampbéaBiwablplaeé@cimOmeésﬁgmtaéﬁéé§@|@mliﬁ@|e
o ook vyl e S SO AT,

capabl e of being char I ScCharge an
el ectric 2BB84BRE- Pﬁ}é?léébéél@b@ct50G?@mﬁiih@4Sim@c¢mmstfnubientaaer

Capacid or st3rked éﬁpﬁbﬁtﬁﬁe£86?05§92 Fe Sird: yé%ﬁilé&béﬁéﬁlgs( Jﬁﬁa Rorous

film coa gd or Eg% gnated with ectro conmposition Tor e éctric
doubl e- Ia% P 89BabrtBrenofn %x‘émllé%@r&zm‘sep%%%m@we%ﬁ BmpagRrdof the
pol ari zabtbeebssembilgswasbheidedt i abdxanpb@ COr@pdth LSS UES dBBcapP! i ed,
.giving a cﬁgkﬂbgype el ectric doubl e-layer: capacitor.

This caused the electrolyte composition disposed
15 between the pair of polarizable electrodes to thermally
polymerize and form a solid polymer electrolyte layer,
thereby giving a film-type electric double-layer capacitor.
The film-type electric double-layer capacitor thus
obtained had an aluminum current collector/polarizable
20 electrode/solid polymer electrolyte layer/polarizable
electrode/aluminum current collector construction in which
the electrodes and separator were strongly bonded, was
capable of being charged and discharged, and functioned

effectively as an electric double-layer capacitor.
25

EXAMPLE_29
Electric Double-Layer Capacitor (8): :
The electrolyte composition for electric double-layer
capacitors of Example 18 was placed in a slight excess on
30 the surface of the polarizable electrodé produced in Example
21, another polarizable electrode of the same construction
was stacked on top thereof, pressure was applied such as to
make the gap between the two polarizable electrodes 25 nm,
-and the assembly was. held at about 100°C Ffor 1 hour to
35 effect curing.
This caused the electrolyte composition disposed
between the pair of polarizable electrodes to thermally
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The filmtype electric double-layer capacitor thus obtained had an

al um num current coll ector/polarizable 15 eIectrode/separatorlpolarlzable
el ectrode/ al um num current col l ector construction in whf dan4ane2@94ct r odes
and separator were strongly bonded, was capabl e of being charged and

di scharged, and functioned effectively as an electric double | ayer

capaci t or po2PmEXARPL End5r&tacar 561 Pau gyﬁéy é? r A separator
conposed 9& Egp égior suﬁbglg % % orous f|| coat Jaor i mpr egnat ed
with the &'&ctr |§ 98 2o Y8 ?°E¥%%t¢?%b ¥er FApacknei tors of
Exanple 8 masTbeaféﬂmbtypeeelecﬁﬁié @6ubh@-9@}&f' @i edecipsles

obt ai ned I 1 sure was_ ap ow ng which the
assenbl y bﬂtgﬁﬁgg ﬁ?&lﬁﬁcg% uﬂoﬁ?rr%ﬂf g%ii%ﬁﬁp RO ITFR A8 on of

Exanpl ® 86&?@56966/ %@lm\éemoumer3elpatrobjt@olay¢ﬁ,emmﬁmwdes to

t her mal | yepeb¥pBHL 0, I ectric dou ] ay apacitor. .
The fllnwﬁﬁge elecfﬁ%gﬂgnu% é&*gsét %%%%§$¥S} ORRLTERY ?9m&PtéhFéh1 .
al um num r%%?GEB?@%%t@@¢p%$ﬁ@r§b@rewee¢e@tr@muizﬂmmnd@dytwas '
(separatocaﬁ@biéroﬁabéfn 5cﬁé§§é&°§ﬁéaﬁ£§&ﬂ YT AN SRLLES

constructlgg D, %L e el ectrodes and sep rator Were" s rond?y bonded,

was 17 Jantar§toy Yc%ﬁa%?ee%?cﬁﬁ%ﬁgdeﬁﬁigehﬁﬁmﬂ eApatikeled, and functi oned
effectively as an electric double-layer' capacitor. EXAMPLE 26 5 El ectric
Doubl e- Layer Capacitor (5): A separator conposed of a separator substrate

(PTFE porous film coated or inpregnated with the electrolyte conposition

for electric double-layer capacitors of Exanple 18 was placed between a

‘pair of the polarizable el ectrodes zo obtained in Exanple 21 and pressure

~was applied, followi ng which the assenbly was held at 100C for 1 hour.
This caused the conposition of Exanple 18 di sposed between the
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pair of polarizable electrodes to thermally polynerize and forma
filmtype electric doubl e-layer capacitor. 15 The filn}%¥ﬁe elegbéJc
doubl e-| ayer capacitor thus obtained had an al um num cuf réfery

col l ector/pol arizable electrode/electrolyte (separator)/polarizable

el ectrode/ al um num current collector construction in which the el ectrodes
and separator were strongly bonded, was 20 capabl e of being charged and

di scharged, and functioned effectively as an electric double-I|ayer

capaci tor. EXAMPLE 27 El ectric Doubl e-Layer Capacitor (6): 25 The

el ectrolyte conposition for electriccgntipt e-1ayer capacitors of Exanple 1
was placed.in a slight excess on the surface of the polarizable el ectrode
produced in Exanple 20, another pol arizable el ectrode of the sane
constructiion was shaekeslpie t Oporidd@he0bn apEr Pressue Wagappigdesuch as
to 30 nake the.ga bg%yeen the two pol ari zabl e el ectrodes 25 pm "thereby
forning a FFFmF 9%%’ BEEFF Tl ST PE- PR IdypSEFRBFS1ngThe fil mtype

el ectrbc doubl eahayer papatdiier tbmisooht abbgeh Hatganpdd JinRdm £iHghent
coIIectonggkgri abl e ﬁlgctrodelﬁ?lid pol ymer el ectrolyte

| ayer/ pol ari-zabte I35 8 et TBHE di'dimi num current col | ector construction in
which the el ectrodes and segarator werg strongly bonded, was 17 January
2004 capabl e of being chargeg‘QHHTﬁGHZ ged, and femctlbned effectively
as an electric doubl e-1ayer apacitdr: MPLE 2 5 El ectric Doubl e-Layer
Capacitor (7): The electrolyte conpd3ition for electric double-Iayer
capachkgor anpl; was . pl.ac i.n sl.i excess on the surface of

t he pg?ar iﬁ?ggfgeﬁgé?r%denu&%e&uc%g ' aasr}:p?%ﬁ?l?m?at%‘flﬁ’@r ol AFGZ2461 e

el ect r ode dgfreqec € apnd yoems Er iodn orf was 188s5t acketh omitchbp chhesaaf ,sopeessur e

i t he- t the.t | ari zabl | ectrod
25 pm and” he Aesaroly wet ha o BE SRt BooTHorT RGPl B &

curing. substituted with oxyalkylene~containing groups to an average
molar substitution of at least 0.3; and
15 (B} an ion-conductive salt.
2. An electrolyte composition for electric double-layer

capacitors, characterized by primarily comprising:

(A} a polymeric compound containing polyvinyl alcohol

20 units of general formula (1)
—60}12-—— (IZH—)—— (1)
n
OH

wherein n is a number of at least 20, and having an average
25 degree of polymerization of atAleast 20, in which compound 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;
(B) an ion-conductive salt; and

30 {C) a compound having crosslinkable fuctional groups.
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This caused the el ectrolyte conposition disposed is between the pair of
pol ari zabl e el ectrodes to thermally polynerize and forma solid pol yner :
el ectrolyte layer, thereby giving a filmtype electri 0166W%Y?%‘5/)4er
capacitor. The filmtype electric double-layer capacitor thus obtained had
an alum num current collector/polarizable 20 electrode/solid polyner

el ectrolyte |ayer/pol arizable el ectrode/alum num current coll ector
construction in which the el ectrodes and separator were strongly bonded,

was capabl e of being charged and discharged, and functioned effectively

as an el edtri (Thogkeetralere capaokibion 25 BXAMRLE 29 Fleetbis Double- Layer
Capaci t orpdBhver1B€ rolyte canposition for electric double-Iayer .
capaci tors of Exan%ful'e& %dmﬁén%?le{"@é"ﬁ PﬁFL%‘”szgﬁtlce%Jes@l&ﬁ 86 geremAl f ace of
the pol arfommile électsoodeopr atiuced the Ryamuly g2dupansd hek pelarimAb! e

el ect r odes forbheusarE n fiqgn . was, stacked on top thereof, pressure

was applied such as toa%ng’&égfh%uocgegpwbgﬁx%’&? &ePGEC PN RALFEP WIS Ct 1 0des
25 p &R ahavasagmisiol anasubdigitttabn abbuit 10Q6LT 03,1 Jaaldr ok0aB6 &f f ect
curing. TdHeS heaWS t Lectyrolyte c ositiq i sposed . between the pair
of polarizabl g ellg% r‘%%gg fo&l%éeﬁr/r?%lel gggw?fgﬁﬂﬁag?f“%ﬁf?gpﬁwﬁf@ﬂlze and
form a sdlfi%¥PRofyprerths etlvelipr dbgerol unhes elyd ging ngdaokil MyEas

el ectric gipuldpe- | h1&aPard 1Q ilmxtype electric double-I|ayer

capaci t or_ thus o%%kgi neg had a%tggﬁ%n uni cu rsentmgﬁ’fi‘é%?cgr/?fb‘i‘oari le 5

el ect r od&RIEFIE polrPnethe| exyzbiviemel agterinpbkarizabbelyelmal r atesruni num
cur r éat amilteed@ aiGARMSt pUEIhO d Lkt | ectrodes .and_separator were

st rong| ymb%ndef' s cgpa%‘Ihe of B}eﬁpnglb%h%ﬁiagdgé diwslct%‘af’&‘éd‘?r dmre

functi onSFCRPHYL: | vPFtAkUSHE S| selprEedoulsion | apeng capdoikor  adduslanuar y

2004 substituted or unsubstituted monovalent hydrocarbon groups

haviqg 1 te 10 carbons, Rco- groups wherein R' is a substituted
or unsubstituted monovalent hydrocarbon group of 1 to 10
15 carbons, Rl;8i- groups wherein R' is as defined above, amino

groups, alkylamino groups and phosphorus-containing groups.

4. The electrolyte composition of claim 1 or 2 having a bhond

strength as determined in accordance with JIS Ké6854 (1994) of at
20 least 0.1 kN/m.

25

30
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CLAIMS 1. An electrolyte conposition for electric double-layer capacitors,
characterized by primarily conprising: 5 (A) a polyneric_conpound -
cont ai ni ng pol yvinyl al cohol units of general fornula {Ayamary &4 oq (1)
10 wherein n is a nunber of at |east 20, and having an average degree of
pol ymeri zation of at least 20, in which conpound some or all of the
hydr ox grouggl on .t he pol yvi n%/ al cohol units are substituted - with

)

8x§al k degg% 'Ejaﬂqifmﬁj QjﬁQﬁ@b@e GMch@daymhmciﬁrdO@t{m pristrigon OI at ]Iceast
an e CoIpos ion for
electric dou(b eplal:?t’meér?i c °69@acu gé/@alﬁ@ﬁf%% n@m&@‘ff} {Squlgﬁﬁ?ﬁ M8lpr i si ng:

(A a polynerl conpound cont ai ni ng pol yvinyl alcohol 20 units of general
formula (1) CH27__ CH~ J a OH wherein n is a nunber of at l|least 20, and -
having an average 25 degree of polynerization of at |east 20, in which
cormmpound sonme or all of the hydroxyl groups on the.polyvinyl alcohol units

are substitutedswi th oxyalXyl ene-containing groups to an average nolar
substitution o#{éﬁcﬁg&&&n@. — (B) an ion-gppductive salt; and 30 (C) a
conmpound havi ng Krosslinkabf® fuctional groups. -68 17 January 2004 3.°
The el ectrol yte conpositggpn of claim1l or 2 wherein in the polyneric
conmpound cont ai ni ng pol yvinyl al cohol units of general 'fornula (1), sone
or all of the hydroxyl groups on the polyvinyl alcohol, units are

supgsti tuted wi t h oxyal kyl ene-contai ning groups 5 to an average nol ar
substitution of at least 0:3; some or all of the hydroxyl groups, which

are the sunWbereime i&@mambengf atyehsb 20 an@mﬁd&mg@é& yiinyl al cohol
uni ts palpmbrgation & a¥ishs B P {PRhich compound 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;-

.15 (B) an ion-conductive salt; and
a polymer obtained by crosslinking (G) a compound having crosslinkable
functional groups selected from among an epoxy group-bearing compound, an
isocyanate group-bearing compound and a compound having two or more reactive
double bonds,
200 the molecular ehains of the polymeric compound {A) belng intertwined Wlth the

three-dimenslonal network structure of the polymer obtained by crosslinking the
compound (C).

25
30

35
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on the oxyal kyl ene-contai ni ng groups introduced onto the nvolecule, on the
oxyal kyl ene chai n-bearing pol yvinyl al cohol 14) unit-coFfﬁiqugZ@g ymeric
conpound bei ng capped with one or nore nonoval ent subs e ected
from anong hal ogen atons, substituted or unsubstituted nonoval ent

hydr ocarbon groups having 1 to 10 carbons, RLICO groups wherein RlL is a
substituted or unsubstituted nonoval ent hydrocarbon group of 1 to 10 15
carbons, R13Si- groups wherein Rl is as defined above, am no groups,

al kyl am no groups and phosphorus-contai ning groups. 4. The electrolyte
conposition of claiml or 2 having a bond strength as determned in
accordance with JI'S K6854 (1994) of at 20 least 0.1 kN ;n. 25 30 | -69 17
January 2004 5. A solid polyner electrolyte for electric double-layer
capacitors conprising: (A apolyneric conpound containing polyvinyl alcohol
units of general formula (,1) 5 CHE---- 1 Hn OH 10 wherein n is a nunber
of at least 20, and having an average degree of polynerization of at | east
20, 1 n 8&hich compound some or all of the hydroxyl groups on the polyvinyl
al cohol units are substituted with oxyal kyl ene-contai ning groups to an
average nol ar substitution of at least 0.3;r 15 (B) an ion-conductive,
salt; and a pol yner obtained by crosslinking (G a conpound having
crosslink. able functional groups selected from anong an epoxy
group-bearing conpound, an isocyanate group-bearing conmpound and a
conpound having two or nore reactive double bonds, 2G the nol ecul ar chains
of theﬁpolynerLc conpound <A) being Intertwined with the three-di nensional
network: structure of the pol yner obtained by crosslinking the

6. The solid- polymer electrolyte of claim 5 whereim some or
all of thg hydroxyl groups, which are the sum of the remaining
hydroxyl groups from the polyvinyl alcohol wunits and the
15  hydroxyl groups on the oxyalkylene-containing groups introduced
onto the molecule, on the oxyalkylene chain-bearing polyvinyl
alcohol unit-containing polymeric compound (A) is capped with
one or more monovalent substituents selected from among halogen
atoms, substituents selected from among halogen atoms,
'20 substituted or unsubtituted monovalent hydrocarbon groups having
1 to 10 carbons, R CO- groups wherein R' is a substituted or
unsubstituted monovalent hydrocarbon group of 1 to 10 carbons,
R38i- groups wherein R' is as defined above, amino groups,

alkylamino groups and phosphorus-containing groups.

25
7. The solid polymer electrolyte of claim 5 or 6 having a
bond strength as determined in accordance with JIS K6854 (1994)
of at least 0.1 kN/m.

30 8. A polarizable electrode~forming compoéition, characterized

by primarily comprising:
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conmpound (C). 25 30 35 -69.4 17 January 2004 10 6. Tne solid pol yner
electrolyte of claim5 wherein% sone or all of the hydr | ar , wWhi ch
are the sum of the renmaining hydroxyl groups fromthe bg?§W#ﬁ¥?&§fcohol
units and the 15 hydroxyl groups on the oxyal kyl ene-contai ni ng groups
introduced onto the nolecule, on the oxyal kyl ene chai n-bearing pol yvinyl
al cohol unit-containing polyneric conpound (A) is capped wwth one or nore
nonoval ent substituents selected from anong hal ogen atons, substituents
sel ected from anong hal ogen atonms, 20 substituted or unsubtituted
nmonoval ent hydrpnarbonpgngugglhawbﬂgouﬁdtnggagﬁﬁﬂpngolgtggh_ggggﬂﬁ)mhereln
Rl is a substituted or _unsubstituted nonoval ent hydrocarbon group gf lto
10 car bons 185 e GdpsoWRet®i H'R1 i s as defined above, am no groups.,
al kyl am no groups and phosphorus-containing groups. 25 7. The solid polyner
electrolyte. of claim.5 o% 6. havin bond strength as determ ned in
accordance with JI'S K6854 (1§§i§"%¥P§*“Ieast 0.1-kiqam 30 8. A
pol ari 2abl e el ectrode-formnm ng conpgsi tifon, characterized by primarily
conprising: -70 17 January 2004 (A9Ha pol yneric conpound cont ai ni ng
pol yvi nyl al cohol units of general formula (1) 5 CH2 CH (1) OH wherein
n is a nunderedh at iseastn@heranst hawi Dgasth 2Ver age h&eiEeawf average
pol yreri zat.i o] . in i.ch conpqund, sone. .or all of the
hydr oxyl g% 8%2 %Ea%?égﬁﬁﬁ%ﬁégﬁg? %ﬁt&ﬁé%eﬁﬁﬁigg'a+% Which compound some

or all of the hydroxyl groups on the polyvinyl alcohol units are

10  substituted with oxyalkylene-containing groups to an average

molar substitution of at least 0.3:

(D) a large surface area material; and
(E) a conductive material.
15 9. A polarizable electrode-forming composition, characterized

by primarily comprising:
(&) a polymeric compound containing polyvinyl alcohol

units of general formula (1)
20 +CH2~ (':H—)— (1)
) 1
‘ OH

wherein n is a number of at least 20, and having an average
degree of polymerization of at least 20, in which compound some
25  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;

() a compound having crosslinkable functional groups;
(D) a large surface area material; and
30 - (E} a conductive material.
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10 substituted with oxyal kyl ene-containing groups to an average nolar
substitution of at least 0.3; (D) a large surface area [Ifr?terlal @1 (BE) a
conductive material. 15 9. A pol arizable el ectrode--for % tion :
characterized by primarily conprising: (A a polyneric corrpound cont ai ni ng
pol yvi nyl al cohol units of general formula (1) 20 CHz CH n OH wherein n
is a nunber of at |east 20, and having an average degree of polynerization
of at least 20, in which conpound sone 25 or all of the hydroxyl groups on
t he polyvinyl alcohol units are substituted wi th oxyal kyl ene--contai ni ng
‘groups to an.avehageolanl sblsubsiddtubientfnial |c®@®bs@tf{;n(@ a1&onpeund

havi ng crossl yn bIe functional .groups; D) a e surface area materi al ;
and 30 (E) %g (b:o'l'r% Tetive et 8 ﬁllg 9};1%167 %%%ﬁ?é‘lyé 9609P0 WERTE FdRarfZabl e
el ect r ode- fsnmrwflgtlm)nm@uhmgl mjdm;@ilmgBOupsr Sravhemnei poseWEnyll aaldonel t he
hydroxyl g ich ar sumof the renmain hydr oxyl qQups from
the pol yvi %g al c\gﬂ Lfheuniﬁ rox&tﬁroﬁfdrw h&ro?fﬁ%l ? %_conqcamlng
oxyal ky? engrewnt aimimvgiuedr oups tin rxmz[lm:eﬁeonbn tthe myerkymeom:htahﬁ—

oxyal kyl en n | ¢ uni t - gont ai. ni ol
conpound (%)egpﬂd] qg’%%‘g Jgré\ého%{k%rcg%mﬁg\l/%? eprﬁ EGbsti (f%@%t“?)é”g&ct ed
from anonsh@rigsh vatbnsne subgoireunenwrlenns abist i itutead s noabaeieentf rom

hydr ocar bogn,gtpUuRs 1 DAyl ngtgnago jsgbg?{%ydrocangoﬁg%t%err%@ov% eR% is a

substituted or” unsubstitut nonova grou
carbons, RIBEFcapbeupsranes ehaviRy ils ta d6f cacbonmbdVEP- agraupsyrdeps in

al kyl ang noryr gypsa andnRRPSPhRY ugrccuhts%ewgltegf OhBovai2nt! %%Jkgad%%éﬂ' zabl e

el ectrode-form ng conposition of cl a£m8 or S a strength as
det er mi ned9FR ctorbarft el Wigagbons, R*3Si- groups whereln R' is a defined

above, amino groups, alkylamino groups and phosphorus-containing

groups.

15 11. The polarizable electrode-forming composition of claim 8
or 2 which has a bond strength as determined in accordance with
JIS K6854 (1994} of at least 0.1 kN/m.

iz, & polarizable electrode produced by coating the
20 polarizable electrode-forming composition of any one of claims 8

to 11 onto a current collector.

13. An electric double-layer capacitor comprising a pair of
polarizable electrodes with a separator disposed therebetween,
25 characterized in that the pair of polarizable electrodes are
polarizable electrodes according to claim 12 and the separator
is composed of a separator substrate impregnated with an ion-

conductive salt-containing solution.
30 14. An electric double-layer capacitor comprising a pair of

polarizable electrodes with a separator disposed therebetween,

characterized in that the pair of polarizable electrodes are
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JI'S K6854 (1994) of at least 0.1 KNNm 12. A pol arizabl e el ectrode produced
by coating the 20 polarizable electrode-form ng conpos | one of
claimte 8 to 11 onto a current collector. 13. An electrh% %“ﬁ%Y &ﬁgyer
capacitor conprising a pair of polarizable electrodes with a separator

di sposed therebetween, 25 characterized in that the pair of polarizable

el ectrodes are polarizable electrodes according to claim 12 and the
separator is conposed of a separator substrate inpregnated with an ion-
conductive salt-containing solution. 30 14. An electric double-|ayer

capaci tor sor@rifivlg 2lpatfodfs NQlauizgbte eleat rodes iy s gpRaEsLor
di sposed therebetween, characterized in that the pair of polarizable

eIectrodeslﬁr8°m39f697°§aﬁu5?9a€ﬁﬁ9¥ E&PEFF%%%IQP%HQQCPFOH@Er%ﬁRﬁEQ$ Wgtho
claim 12 amHet hel@@tpﬁﬂ@ﬂ:@r cofip6oniesed Rfr a agepanaterisubsgsumiL169ated or

i npregnated_w qi e ectrol%tg conposition for an electric double-Iayer
capaci tor GfPETH oF alo An el ectric doubl e-layer capacitor
conprisdng a pair of polarlzable el ectrodes with a separator disposed
therebetmegg ﬁhar rlzea at t he pair of Eolarlzable electroges are
pol ari zabl & elec?ro §“ht%o ?Wéﬁf GYEFai PS>ty FPREPSEEa%atdr PAYF i 8ta

solid poIypelazﬂzaﬂleobﬂbett@yaf I 05 eslerof rattoe ehepbﬁ@ﬁytﬁeréHHﬁW@ﬁhtlOn

houbh e oy cRafRHl LAY Sh SARAC GO Sl Cof Bilan b S bhSearsi th a

doubl e-1 ayer “capacitor co Fising a pair o
separ at or dpéﬁmmﬂableheﬂeberwdﬁa1adbbrdhagatbeclaad in &mmitﬁdmsqnanatot

pol ari ggbl ¢, el ectyr; I L7 el ectrodes n cIa|n112
and the separaiéélf%qgga soﬁ %¥%0%FO %fgg?roP$€OS? elect(%’}ecé)C SaBIEs- | ayer
capaci t or scemroTidiiiey fgraﬁ%EQ$mecoﬂowhkﬂﬂhay5rtcaﬁhc1téBST$&KEﬂa&m électrol yte
conposition and a solid polyner electrolyte for electric double-Iayer

capacitors are endowed
16. BAn electric double-layer capacitor comprising a pair of

polarizable electrodes with a separator disposed therebetween,
15 characterized in that the pair of polarizable electrodes are
polarizable electrodes according to claim 12 and the separator
is a solid polymer electrolyte for electric double-layer

capacitors according to any one of claims 5 to 7.
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wth high'ionic conductivity, high tackiness and shape retention. The

invention is also directed at a polarlzeble ‘el ectrode- gﬂJgﬁ%ﬁggﬁ osition
and.a pol ari zabl e el ectrode having a hlgh adhe5|on, I trlc
properties, and excellent shape retention. A hlgh-perfornenpe e ecd
doubl e-l ayer capacitor arrived at using the above conpositions an

conponents is additionally disclosegﬂﬁﬂugagm

An electrolyte composition and a solid polymer '

5 electrolyte for electric double-layer capacitors are endowed
with high ionic conductivity, high tackiness and shape
retention. The invention is also directed at a polarizable
electrode- -forming composition and a polarlzable electrode
having a high adhesion, high dielectric bProperties, and

10 excellent shape retention. A high performance electric
double- -layer capacitor arrived at using the above '
compositions and components is additionally disclosed.
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