*159159* 5 TITLE OF THE | NVENTI ON El ectrol yte Conposition and Solid Pol yner
'El ectrolyte for Electric Doubl e-Layer Capacitors, Polarizable

El ect rode- Fornmi ng Conposition, Polarizable Electrode, and mﬂmmm‘mmﬂl‘w
Doubl e- Layer Capacitors BACKGROUND OF THE | NVENTION 10 Tec The
present invention relates to electrolyte conpositions and soli disps*yner

el ectrolytes for electric double-layer capacitors that are highly suitable
for use in such applications$ﬂ®%ﬁ$§ggﬁgﬁgﬁﬁ¥gﬁg£§§ies for various types 15
of electronic equipnment. The to polarizable

el ect r ode- f @leiaty odgrieo Slanipersl tHmh Eoldardadds Polamen Bt rakytelfoms to
el ectric double-layer c 4L Qr I\ | ifigse conpositions and
conponents. 20 Backgrou%@gﬁbi é%ﬁ&?fl3%3%%%¥%g§g?'capdbitors are
currently enpl oyed PatasigrbpepBhectsogerFersming €ompasdtdonrenori es. These
capaci t or s poM Gy APk IS Qlodd1e e HTd A AP Y B Alaydidicagaiord the

I ntterface between an electrode and a liquid 25 electrolyte, have a snal

size, a large capacitance and a 1long cycle life. Recent rapid advances in
portability and cordless features in consuner el ectronic devices such as

nmobi |l e phones have |ed tC)ﬁ?ﬁ{ﬁﬁﬁﬁﬁﬂ:%k;ﬁi&ggggﬁﬁ%thfCtriC doubl e 30 | ayer
capacitors. Because electri > v whi ch use nonagueous
el ect nol ytPechmiieah high@r voltage and energy density than those nade
usi ng aqueous t , . Al e_vi | prom si ng and
have been the e@%?éé€é%éggc%%?€$gf€% ?%%%gggheéf?%??g#gggygecondgry cells
have hit hecompdsthionedandrsglith pabpneraeleptrolptieseforeedectric

ggg gLe 't ?gﬁé%ﬁf@-i‘fé&&f ScaPAYLr&PERLhAE Cath (REGH LEIsHSEaBEe! PYBT uBBVEA
P sucg applications as backup power supplies for varlous types

15 of electronic equipment. The invention also relates to
polarizable electrode-forming compositions and polarizable
electrodes, as well as to electric double-layer capacitors
arrived at using these compositions and components.

20 Background Art

Electric 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 1in portability and cordless
features in consumer electronic devices such as mobile
phones have led to a heightened demand for electric double-

30 layer capacltors. Because electric double-layer 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
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*@00002* el ectroni c equi prent has reduced backup current requirenents, and
‘because of the longer cycle life and broader service tenperature range of
the capacitors thenselves. 5 Such electric double-layer capacitors have a
construction in which a positive and a negative el ectrode (polarizable

el ectrodes) are provided on a left-right pair of current collectors. The
positive aslleotpgahiweegutphmentelasppéducedbbackipetaetrentdes) have been

built b u e erial a Iar e surfac rea_materia

Stch as’ actroarsanERP o ehd o fiaiEecof bR ohaRRPE FYEL8r L1 RR BREC: r ode. and

using a bbndaderoseuppoet tempenaktneerange ofir that caphtiktoos such as

aluninun1f?ﬁé s&gv this case, a separator |ies between the positive and
el T odes

negative e . "The el ectrodes and the separator are generally
i npregriat ed wi t hugh eleetrifydeubdenlapar epRagdtorsnhavehapri or-art

el ectric deyRkerhé¥gbn Eﬁp@ﬁi&ﬁré PéQEEibQ”aﬁHd tﬁ&&h@?@é Qi&&@EBdhhe pair

of 20 el ectrodes and_the_el ectrol separ at or)
especi al | y{ Pﬁ%@ﬁlFﬁbéﬁtelﬁcFFPﬁ¢§ipér@IEEPV%@GQOBBIé lPﬁ?eFlsaﬁaEFﬂ6rs
That is, fbfnbﬁy@gnglegllegtdgyble Iayer capaC|tors as noted above, have

a positive el ectyrode/ e trolyte r)/ a el ect rode
construction. Lﬁ#?k@os%giVﬁd?ﬁé Pegﬁ éx F%°aﬁg k 5B§LEFve

el ect rode/ electrotgse haeeabeénrbﬁmmgabyvadahﬁgtaodendQOﬁmoelmatb31amiIed
and placed.in.a sen f |Iin tn.filmtyp
capacitors %ean%gﬁﬁg sﬁ?ggggrgrég 8at§ a p |ed ?mgexa%ﬁg SSHFPﬁvgo

el ectrode hnprovie tbeeconduytévahm QétﬁbeneihetebéetronﬂtBsand ghe negative

el ect rode. pahhBHI B9 LBpELECHAR! HiRthooSEARALACEEAY LY1LEERLE! BECROSLLT Ve

and negative el ectrodes. e electrolyte separator) bet ween
the positidtugleen, saél and the 35 negative el ectrode, in addltlon to

serving as an In this case, a separator lies between the positive and
negative electrodes. The electrodes and the separator are
generally impregnated with an electrolyte solution.
However, in such prior-art electric double-layer
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 1s, film-type electric double-layer capacitors, as
noted 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, the absence of a
colling pressure in film-type capacitors means that pressure
30 1s not applied 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



el ectrolyte, nust also have the ability to strongly bond the positive and
'negati ve electrodes. In other words, it nust have adhesion and tacki ness.
Exanpl es of binders used in electric double-layer capacitors to support a
slurry of a large surface area 5 material such as activated carbon on a
metal current collector include polytetrafluoroethyl ene, polyvinylidene
fluori de, pogliyviiey landy Wedatdeee el tedesxy MM \ditrid worsss, 1F nidmse,
ponvinyI'denng uor,i de Qg@ excellent film formability. 10 However, none
of these haﬂﬁb hesdon, ang, tacKINESS -4 ssol ve i on-conductive salts to a

hi gh concentr aExamplles RS dERRYs tsald im Higlotrdd doamidudiayen y.

Mor eover, these, binders are _ynable to simultaneousl tisfy the
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(separator), esi me polymer

to serve fusgise. t ROV mygIneliidance antk aarReeymeihydaal lanedect r ode
bi nder nugls nefeid) A ARIdY IR FREIER R WilRna e mieri al s such
as activated carbon; that is, it nust have tackiness and adhesi on. The

bi nder refadidaii d pol yner electrolytes for electric doubl e-1ayer

lcapi_cilbors th?}H_dm i tivard (bfb&ereseZFodirrﬁxw_ § erhd rtrtelhlmﬂjiltﬂgﬁtw_e are all

acking in sufficient tackiness and .adhesio S we s_aqther inportant
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object of the invention is to provi ol ari zabl e el ectrode
J In addition, to[iower 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 Disclosure of the Invention
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 1s to provide polarizable electrode-



-3 form ng conpositions and pol ari zabl e el ectrodes having a high adhesion,
'good di'el ectric properties, and shape retention. A further object of the
invention is to provide high-performance el ectric double-layer capacitors
which can 5 be arrived at using these conpositions and conponents. The

I nventors have conducted extensive and repeated investigations in order to
achi eve thﬂsembhgscoﬂpoaitfsmktandtpeyahﬁz&bﬂésebyetﬁddéﬁahaaﬂngfaective

10" el ect ri g A PLof, GaSdCH LIS BaBEE ISR, | G0 SnSBEDYY o 0T
conpound haﬁtﬁgtb&walk&léuethﬂaiﬂbbeatiﬂg thel inventiencbsotouprogidaed an
I on- Conducﬁi%ﬁ % fofﬁa%ﬁe %f&é §8 &Fﬁb?éof éf°8n§§6198£%|wﬁi§ﬁtggﬁ

pol ymeric ene
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i ntroduced onto a conventional  natural Neric su stance such
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salt, rel | esu tirn derivative
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By contrasincféaeep@ﬂlwﬁfbﬁofeﬂpgmuggrtﬁﬁiﬂtaﬁep&u%fw o%(génefbe' (PVA)

having a unit nol ecul ar_ wel nat ur al ric substances
such as ce??ﬂP%E%dl%nug%ﬁc%spoiﬁﬁxﬁéékﬁbﬁ%e ﬁﬁgﬁﬁnFﬁa?aPﬁﬁlﬁDPﬁcular wei ght

of thesPVAdise6UvihGJannibn- CEHBEEL Tk ) shst 44réntdntheaaBe@Coh8sd ¥BEGOt 35
of the 10- nDL%%golyoxyethylene groups ((CH2CH20)10-H) is 441, a higher

polyoxyet Fraction of 441/(441+44) = 0.909 is
That is, a typical example in which polyoxyalkylene

branched chains are introduced onto a conventional natural
polymeric substance such as cellulose might involve the

20 introduction of a 10-mole unit length polyoxyethylene group
per cellulose unit. In this case, the molecular weight of
the cellulose recurring units (CH,,0;) is 162 and the
molecular welght 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 derivative
(polyoxyethylene fraction) is given by the ratio
441/(441+161) = 0.733.

30 By contrast, if a polymeric compound 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 polyoxyethylene groups ((CH,CH,0),,-H) is 441,
a higher polyoxyethylene fraction of 441/(441+44) = 0.909 is
achieved. The higher polyoxyethylene fraction enables a



achi eved. The hi gher pol yoxyethyl ene fraction enables a -4 greater anount
'of i.on-'conductive salt to be dissolved, in addition to which the nol ecul e
has a | arger nunber of pol yoxyethyl ene segnents where ion mgration
occurs, increasing ion nobility. The inventors have found that a 5 high
lonic conductivity can be attained in this way. Al so, when a filmtype
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polarizabl [0 t hi { I | ed
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havi ng an SRER CandeicRt mabaetote (oh wrick PekscpobirEeple A,
conmpound smhsctrodélsmﬁidrﬁﬂéthmmw%egfsmmnraﬁnt)ﬁpolarlzable
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 so0lid 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
tackliness 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 1in 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



pol yvi nyl al cohol units are substituted wi th oxyal kyl ene- contai ni ng groups
'to an average nol ar substitution of at -5 least 0.3, and (B) an

i on-conductive salt, as well as electrolyte conpositions for electric
doubl e-l ayer capacitors conprising (A) the above pol yneric conpound, (B)
an ion-conductive salt and (C) a conpound bearing 5 crosslinkable
functional 1lgasupe.BavantihéBabahi ignteofldaselive sallar ge aspdntasof

I on- conduct.i S because of .t hei e fraction. Mreover,
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CH (1) 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 contalning polyvinyl alcohol units of
general formula (1):

—(—CHZ— CHﬁn— e (1)
b



i n OH and having an average degree of polynerization of at least 20, in
‘whi ch conpound sone or all of the hydroxyl groups on the polyvinyl alcohol
unirts are substituted with oxyal kyl ene-cont ai ni ng groups to an average
nolar 5 substitution of at least 0.3; and (B) an ion-conductive salt. A
second aspect of the invention provides an electrolyte conposition for

el ectri c dandl kavihygrancaperager degrbéaraft poiymdrhbgapionaof| gtcaepsitsi ng
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to an avera stltutlon an ion-conductive
salt; &nd §€?55156h$@ﬁnafhavuﬁgaetoesﬁrnﬂaﬁ|éBbuﬁEt%eﬁaponapeaﬁge A third
aspect of ghetinvention provides a solid polyner electrolyte for electric
doubl e-l ayer capacitors, 20 characterized by havi ng
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surface argglt and (C) a compound having crosslinkable functional
groups.

A third aspect of the invention provides a solid
polymer electrolyte for electric double-layer capacitors,

20 characterized by having a semi-interpenetrating polymer
network structure wherein molecular chains on the polymeric
compound serving as above component A are intertwined with
the three-dimensional network structure of a polymer
obtained by crosslinking the compound serving as above

25 component C, and containing the ion-conductive salt serving
as above component B,

A fourth aspect of the invention provides a polarizable
electrode-forming composition for electric double-layer
capaclitors, characterized by primarily comprising (A) a

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

35 molar substitution of at least 0.3; (D) a large surface area

material; and (E) a conductive material.



material; and (E) a conductive material. A fifth aspect of the invention
‘provi dés a pol arizable electrode-form ng conposition for electric
doubl e-l ayer capacitors, characterized by primarily conprising (A a

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,
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f rodes _an e separa IS CO
ggbgrgtofohg%hg bgsgﬁ§§§6§8t86 heaﬁ% Boh cgﬁauetp9@ng ﬁ BBHﬂaﬂnlng
sol utibnh. ﬂnoesghnhahipeEUnot1bhal|grenpsan(pooaidaSgensabfabelarea
doubl e- | aygy gﬁggiLt9§ﬁe?gge?sbggdacggb%a %Eggégélzable 25 el ectrodes with

a separator oséd ween in that the
above- descri bedAePé&thoaspeateof ushe aEVBnéipalproVipebaalpama91ehbderodes

and the seegéatgadel§rsaﬁeeaeﬁy0503t§ﬁaa£ﬁaobo§59§5 BiE £9aLE
| mpr egnat e he el ectrol %te conposition tor e ectrlc e "] ayer 30

capaC|tor598Fm%ﬂ8 QBBQQSFF?QP chﬁgéﬁa septhe GPOVﬁefOPﬁFBnﬁroﬁifAhnlnth

aspectinf aspetbveft the pnvandQSnaanebeateu@reﬂ@uabgiéafsf capaci t or
ar at or osed

her ebot ween, | 3b BRuPBERCRPERHY AT HaE LARSOAYOE. BEGELHBEA E) BLEPOLE ar e
used as th@Ophle baYQUIaapaabterebemprmdengaadpame e€ppoaapizable
electrodes with a separator disposed therebetween,
characterized in that the above-described electrodes are
20 used as the pair of polarizable electrodes and the separator
is 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 pair 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 characterlized 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



Is a solid polymer electrolyte | ayer conposed of the -8 electrolyte
‘conposi'tion for electric double-layer capacitors of the above first aspect
of “‘the invention. A tenth aspect of the invention provides an electric
doubl e-| ayer capacitor conprising a pair of polarizable 5 electrodes with a
separator disposed therebetween, characterized in that the above-descri bed
el ect r odeskgetrokee acsommsmcrn ddop@iectais daukke rlager grpagktors

separat or of Seife Shdvh ppiﬁ@@rasegé'&& rOf Vi fivél e i ¢ double-layer
capacitors according to the above third aspect of the 10 invention. Brief

Descri ption of Ark?qiﬁwﬁﬁﬂﬁptFﬂﬁatqﬁ|¥PY¢R¢¥QR3H@ﬂ¥%ﬂﬁ§n¢ﬁnﬁ¥ﬁcﬁ¥k9

di hydr oxym&m/i@lﬂér@@wa@awit@& %&iﬁﬁrﬁ afr S)’f‘tﬁ‘@ﬁdﬁizéﬁlgxaﬁm el
of the invention st. Mbde for Carr t the I nvention The invention
i s desCri BTGV ithd REPagaRt &%?Rﬂ%ﬁ% YY&ER for electric

doubl e- | ayé&tiaraét exteed tf stipdt tiiee | aberd 4 s ditmsed h@lé@&fdﬂé@gaférst or
second set _of constltue C nts r st e ectrolyte conposition is
conposed T yEhe 4ty TR Aan T dlddte CaSK A e TRRRatSS

chai n- bearisca smlmlpqumémoé&ﬂcmlxste affvair (eBl)ecatrlanrdanm\bhrclayer salt. 25
The secon t %ggﬁ§ qﬁg r YoPftd) @
pol yneri cd%%r%g%}g] a%cf% y% tL(glntelélée wﬁ?n elz-a(?lén po 1}yvipnyrﬁéb\al cohol
un|tsJﬁ(EDiQNﬁnt#pmonductlve salt, and (C) a conpound having crosslinkabl e
functional groups. 30 The first electrolyte conposition for electric
doubl e- | ayer capacitors of the |nvent|on I S descrlbed The polyneric
conpound serving as co - ; 5 units and has
an average degreesof1 1gﬂUm@r¥zammmnspécafume@§ttﬂ& preferably at | east

30, d 35 f b I t. 50 he h
on the. pol SURFRFSRTETRYLA+EY LEPEupL Rt WP iepatsd abky FEREEHE ol vt ng
groupss ThExammpbs 1|0ﬁtth¢1immnntion

The invention is described 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 composition 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 crosslinkable functional
groups.

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

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

35 most preferably 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



-9 average degree of polynerization is preferably no higher than 2,000,
~and .especi ally no higher than 200. The average degree of polynerization
refers herein to the nunber-average degree of polynerization. Polyneric
conpounds with too high 5 a degree of polynerization have an excessively
high viscosity, making themdifficult to handle. Accordingly, the range
i n the deg@wradge pidgmes ichtpaolymerizafombly preferdily mmé&AUigheoneri c

ool yer i ¢ HRRb o} TR FLY i A, Mo BT OB aiedle 7

CH2 CH - Gedred cﬂfwmcblme)rlzaiemrem%fers ikerelin cattlng, nw@mm:yaget
| east 30, ea I
DY B R Ya@ion £8530 Bfne i?l > l%_ll';lé% \H@Iﬁl l‘i‘léﬁ

preferably no hlgher t'hHan 2,000, and especi a er than 200. i's
hi ghl y Sadvrfledfesuscf CROJEEH@W@"}AQWIh%‘(Q:OﬁbIex‘Eﬁﬁﬁl g pol yrrerl c
ﬁormoulnd Ss,exsvlfthdlﬂh B fnﬁhéin ﬁcilfﬁbﬂﬁllflvlﬁf\tha&ﬁiféh’ﬂp%ééﬂhﬁ@lﬁe a f
onopol yner iCc sat.i sfjes the above ran in the av e 0

pol yner i zattorr 3ae ﬁh“\%ﬂ%l‘fﬁef%e? r%‘%tﬁmﬁr%oqwlhyjr %W%‘%%B?gfﬁg f’éo'f'n t he
nol ecul e 120 aﬂolmtmcﬁﬂommfic%unitmever use can al so be nade of, without

particular i ni,tat 1,0n poI %\,361 a 90*11%”%%%3@%]% ndgg%}g‘%)la gej%tl)gngS

he  above
conpounds whi ch 'sati Q$
pol ymeuoi zaazf olrhealrp:blnamar:e:: prm:mmmyd aictdtm&e ﬁhacﬁoblnwﬁng)r@émmly at
| east 60 re preferably at least 70 nol % Illustrative
exanpl es |n67ud% pol yvi nyl formal in which sone of the hydroxyl groups on
t he 30 pol yvinyl al coho} have been converted to formal, nodified polyvinyl
al cohol's in which sone_%ﬁ yl groups.on iy he ponvinyI al cohol
have been al kyl ated, po y(e an vinyl alcohol)’, partially saponified
pol yvi nyl acetate, and other |f|ed pol yvi nyl al cohol s.

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 composition 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-



-10 Sonme or all of the hydroxyl groups on the polyvinyl alcohol units of
‘t he .pol'yneri ¢ conpound serving as conponent C are substituted with

oxyal kyl ene-cont ai ni ng groups (noreover, sone of the hydrogen atons on

t hese oxyal kyl ene 5 groups may be substituted with hydroxyl groups) to an
average nol ar substitution of at |least 0.3. The proportion. of hydroxyl
groups substit uSemde wit habkyeaf kyhenkeydooxyl ngngupgronpthe spplievingbl vy at

| t 30 9 | 0,Ih

ol ar suborigeho B hiES “ob EnE" AllmePle E87bodRa Bervind ad CoMEhBHS

wei ght of €her@o$wb$hytua¢dohbth ckyabkylene-cortaknghg gfoups reaction
duct '

Peact ed wi L TCLERoFEner She (oF " LY MaFogtn "REMms Tl tidep oy ALz nbS

deri vat5 vedFreuns @aYTh@ $Nhﬁbht@§eﬁavbthth@@@ﬁﬁlagr?QPEtHFQH?P and so

their uni taﬁ@fsgéllxﬁéla@guhsstftéﬂiohnoftae PYAsflepi yat | ygeOptapaeeias the
reaction product t he - % ou s . on the original -(CH2CH - units have

becone -0- f & 95?5% ﬁHiEBt?ﬂeWb t°ﬁ¥?%§&%§?emﬁPﬁ giBinghe 20
reaction pgocups is ﬁﬁeﬁéﬁabfycauseeabe Bocmense, | andengbhe ppesecablied W th

the reactig pLresen by 44n the calculation is carried out as
fol | ows. Pp%a?5€ g@e??% ?r = 44/ (44+44n) = 10 g/15 g 440 + 440n = 660

n = O.B)ance The awéaageumelarusubatlbuthbn EMajpeeni beOdéter@inedur se,

this valu Wé&{:%ré?@iﬁfrﬁ?ﬁuﬂﬁﬂa%!ﬁéaﬁgig@gaéf ?FSR Oﬁ??#iﬁ%}ogl JhgL s,

val ues suc reacte ani ecuf e and the
| engt h of @h@rggay@n@ytbﬁewglghpsofnthgdneaqtbqntneodeatt|ohetauaot be

specified ghnklasr"VWor- bkhitpTs) a £55R_PH (R IH § EeYpviHiPH O OH

reacted with ethylene oxlde, 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 -OH
groups on the original -(CH,CH(OH))- units have become -O-
(CH,CH,0),- groups, and so the unit molecular weight of the

20 reaction product is 44+44n. Because the increase in weight
assoclated with the reaction 1s represented by 44n, the
calculation is carried out as follows.

PVA/PVA derivative = 44/(44+44n) = 10 g/l15 g
25 440 + 440n = 660
n = 0.5

Hence, 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
speclfied in this way.

-11-



O OHM5S =0 unit M5 =121 unit MS =2 units Average M5 = (0 + 1+ 2) / 3 =
-1 a+(3+y= 1 Exanples of suitable methods for introducing

oxyal kyl ene-cont ai ni ng groups onto the above pol yvinyl al cohol

uni t-containing polynmeric conpound include (1) 5 reacting the polyvinyl

al cohol unit-containi ng polyneric conmpound with an oxirane conpound such

as et hyl ene oxi e and ( actlng t he\poly |n | al coNol un|t cont ai ni ng
pol ymeri ¢ conpdu Hx po ﬁ%‘tﬁ%ﬁ ?
hydr oxy-reactiv subst t uétt a the ehd. 780 1'h above| e od (1), the

oxi rane conpound may b©Hany one or Hbi nati on sel eQt ed from anong
et hyl ene oxi de, propyl ene oxide and ycidol. If et Ieneogzpd@ Ls reacted
in this case, one or nore oxyethylen€ chain is intrgduced on ¥

pol ynmeric conpound 15 as shown in thegfol | owi ng formyl a. PVA-(CHZCHZO) a-H
In the fornmula, the letter a is preferably from1 to{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 pol ymPHc conpound as shown
bel ow. PVA-(CH2 O h-H. CH3 | he fornula e I b is preferably
from1 to 10, anglé_IQ @t My of er a %/'f‘rlBH’I 1to 5 I’"?l?sgl ycidol is reacted,
two branched chains (1) and é are introduced onto t he conpound, as shomn
bel ow. 5 Reaction of a AyemexWSqgr déb+oh t e PIA=wlth gl ycidol can proceed
in either of two ways: a attack or b attack. The reaction of one glycidol

mol ecul e createﬁxamelaswahgéieéuhegheuﬁédSEfSP eﬁtﬁeage fign in turn react
with glycidol, As a result, the omﬁngh?ranc e ins 10 (1) and

(2) are |n?¥$ﬁﬁ5¥@eﬁﬁr6°Pﬁ€1H§GSOQ§Pu@POBB§°o habove 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 oxypropylene chain is introduced onto the polymeric compound
as shown below.

CH,

-12-



PVA units. a attack PVA-OH OH PVA-OH O-~CH PVA-O (CHCH20O -H CH2OH PVA- OH

hydroxy group on PVA unit 1) - (CH2 ICHCH20 X- O02) - (i HCH20 y CH20
I n- branched chains (1) and (2), the value x+y is preferably from1 to 10,
and nost preferably from1l to 5. 15 The ratio of x toy is not particularly
specified, although x:y generally falls within a range of 0.4:0.6 to
0.6:0.4. Imhehedimrlaf the Jptites ylislprkesraniy -om d iagl Golgmeric

conmpound w gfnee 6 ggympund can be carried out using a basic
cat al yst suc%}: odiu hyd{om de 20 pot assi um hydroxi de or any of

various anine e‘d!rﬁ)dkﬁwdlleGMOl i/ eacedp dreeyanched ghaikks G ) 1@ndhe
react i on qfa Pal| iz heaiploftd Ml YRl ®, SPSEUREbIRLPW as an

illustrati ve exanp First, the reaction vessel is charged with a sol vent
and poPyvi nyl Raﬁmn 9% 3 LYAROKBEL GHIUR 9T e PPSELE rchYFel%}yw nyl

S al cohol d#h dirssede® i dine®l o ndwo mﬁysa S,a tdiec4xit Yo nylated&ehol may

be present_in the solve elth n ni di ssolved state or in a
suspended H&teeactif r*/éhft 1dcgl ‘ﬁa%lacf%q teg \THP % queous
sodi um hydryaktaieyl |g9:cmt§teﬂ eamd aff iwhiich fcmn almhiuen i rgact histisol uti on,

fol | owi 0 i ) i i
cgrr?\émdngﬂ%‘fyf%oél v%g%(rjr!};éer'gjtéu’lrjg e%‘%@gﬁgﬁéq%t%é%@g$€n%, ]grg% ;?n\/\/lnisch
t he pdbyvifly)l andold) ame romovetiiced oo g ywydmoxyl cothelps sopriesent

within th \fﬁ%iﬂ.ﬂ m xture in undissolved form it is separated off by
filtration using a 15 glass filter, for exanple. If, on the other hand, the

a attack
Y
PVA—OH &v\/OH ——» PVA—O— (CH,CHCH,0)—H
b attack
OH
//’——‘\\

PVA—OH %) OH___ pyA—0— (CHCH,0)—H
CH,OH

PVA—OH : hydroxy group on PVA unit

1) ___(CEbﬁH{CPbC»X_—_
O_
2) —(CHCH,0),—
CH2O -

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 ratlio 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-



pol yvi nyl al cohol is dissolved wthin the reaction m xture, it is
~precipitated out of solution by pouring an al cohol or other suitable
precipitating agent into the reaction m xture,. follow ng which the
precipitate is separated off 20 using a glass filter or the like. The
nodi fi ed pol yvinyl alcohol product is purified by dissolution in water,
neutral i zat i on, Thendreachiton pak spoty viryplighl @eh¢ brivkiie halyeldebsia or

di al ysi s. [ oguct i lﬁ§ﬂr e

d|hydroxyprop figéélééﬁﬁ%wﬁilén §l% £f@é e ?ggct?%%fgghgt%%lar ratio

bet ween t Heegdticn yessel cbhotharged h%lﬂklﬁa%l‘é%‘i)o@i*@l PRLYYERREabl y 1: 10,

and nost Ppredgspbl Y1 £8. ndbee PO OXNB! Ky | EREs COAPO UG- h@tYégﬂo :Lnyl
hydr oxy-reactive substituent at the end used i n above netho 2 be a

30 conpourfileheere? 41530 LTS ol 2hecRlvent . ( Byt iR the po YY-'hnY rmul a
(2), the |z€1é<§ﬁol°~ m&@rl@éleﬁﬁ'fés@nﬂDﬂ@Vﬂhénéolﬁmtéit@éﬁr Dava ngnieaghiyity

ith hyd | ud
opoxy 35 LRRLVebratate OF chbes SRFRCRRRE: T HACr oubsTTER cangndh el
ani de gr oupshadiat ogetabyOUF such as aﬁ.dmmusleso@imm hedpoxlidd 4 tél added,
L con-DeALA g 1 EACK Y6 SIS LU, B0Fs CLORL SRNOYGL Gk SHRGLLbHENt o

capabl e of "reaciTng w hydroxy groups €se, "i'socyana rou
epoxyJ@rou@bycbmﬁla@ihut@ﬁlUitﬂeag$@hw%nhrbsp@@d%@redR¢@¢tih@|1Sreact|V|ty

5 The car b@éﬂi&i%ﬁ’tr@v | §ov08 %&nﬁéfé?t@f’@ﬁ'éfd& gi@’éﬁfféﬁﬁéheékef groups
are nethyl ester and %z ester g oups. es Of suit

si | i con- bebtneg a&ERY | waich bheip %nY%c@h@@h%hb%ﬁl¥%@®Y%dhav1ﬁgthérn1na
Si H or SI;SM ¢ ORPE - al8oHbE bydlsﬁéyeﬁeaﬁtﬂfngﬂ@elpreéaﬁho@Smiﬁeﬁyanﬁﬁe or

epoxy, bonded_djrectl t he ox aIkyI ne hr ough,
POy el sory et vETRy Ly Denseparaeed! ofF ol EhPcraf fonyhetrbon
car bormsl oxylasoupiltet | ogenoegampbep (£, gon Bk, othé£fHIand, , the( C2H5) -)

8;y§%y?regégb¥‘g%’§f "8Pbdnol NEs 131 DYGTXY G ERR LA VERE" P&Qc%fogoﬂﬁﬁgu}:& the

it 1s precipitated out of solutlon by pouring an alcohol or
other sultable 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 1s purified by dissolution in water,
neutralization, and either passage through an ion-exchange
resin or dialysis. The purlfied product 1s then freeze-
dried, giving a dihydroxypropylated polyvinyl alcohol.

25 In the reaction, the molar ratio 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 1n above method (2) may be a

30 compound of general formula (2) below
A—(R%0),,—R? (2

In formula (2), the letter A represents a monovalent
substituent having reactivity with hydroxyl groups.
Illustrative examples include 1socyanate groups, epoxy

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

-14-



R 20 through an intervening group such as an al kyl ene, al kenyl ene or
~arylene group having 1 to 10 carbons, and especially 1 to 6 carbons.
Exanpl es of pol yoxyal kyl ene groups bearing this type of 20 substituent A
that may be used are the products obtained by reacting polyisocyanate
conpounds at the hydroxyl end group on a polyoxyal kyl ene group. |socyanate
gr oup- bear¢hﬂgp:cinmomttﬂsi¢¢m-tbem;/im rezctive t$us thbeents) uaked cobipeunds

having t S ég%ﬂ ol yl ene
dii socya\rll\g‘t]e %%En@ﬂyl I'soc rgl%%t%gép napht hﬁ/ln%{h rf"%ocyanat%&'ﬂé‘jﬁyi
dlpheny1rmﬁ?ﬁ#ﬁﬁdll%%c§%%%§e l%ﬂ@ﬂﬁ#@t%n@ro%ﬂ$edﬁ%ﬁﬁﬁi%rowp%heﬁgd 2€her

di i socyanadey o fdd %f&p@éﬁ@%@é‘ﬁéﬁre@eﬂ@ﬁeﬁﬂh&ﬁ%é’étf@fﬁfnat e and

i sophorone diisocyanat'e. For ‘exanp use can be nmde of co ounds 30 such

as may Sbe obt ai TRRI $3BhR¥RE QWIPBVWW@ '3kse thoran Hsid reufyyd

to 5 car bone. - axan “isf’e*?ﬁ%@imlﬁ%t%%ﬁeﬁw&%%em?w o
0 carbons, exanples o c nc, e - -

CrooH O (B oteTy| ReTptes ) SHESRIS 3 B OAIRAr ine FERTEEVS m

repr esent ssithet tudaets of nebhde ibs tetwetyesd kydeheg gtexipinabaginreradded.

Thi s nunb?£¥ﬁ% added nmoles (m is preferably from1l to 100, and nost

pr ef er abl T 1°tR°50. Here, the pol yoxyal kyl ene chain represented by the
above ioor mul a (The®ydrexpbseaptivergbdyp a potlyerhylsoeyghytelor| LO chain,

a pol ypro%&ﬂ? ¥ 0ﬂ> ChGhde®’ afrOL V1Y ! £ elsi f@ép&w ogad ene

oxi de (PO cq&%ryner aln. The wel ght- average of these
pol yoxyal k§¥ cHRreygh nsfex example ady #$Eﬁﬁﬂ£ﬂﬂ@% QK!EEP %E@mnD§Flfur

pref er abl yatém hi élai"ﬂi@ny]l\/egﬁdiﬁp aV@aﬂg@n YDORE UgBdupei ﬂbﬁré@@ﬂ@u@f g28@pt 0

1,000 at 15 whi d d t t th
above ?or =9 :g d%ﬁﬁ@sun @k§:# o 8g%ugﬂge§ﬁggﬁrapﬁylehe ©
repreagntShpdhqﬂyegemcaivmngfbupumstbamded o tihne iy alky Beln@ogovap ent
hydr ocar boR PR gkt i 4 ke ebdni ALY Rer? o A a1 HyAlihd Wherein R 4

is a
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. Isocyanate group-bearing
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, naphthylene
diisocyanate, diphenylmethane diisocyanate, biphenylene
diisocyanate, 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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20 substituted or unsubstituted nonoval ent hydrocarbon group having 1 to
+10 carbons). Illustrative exanples of the substituted or wunsubstituted
nonoval ent hydrocarbon groups having | to 10 carbons that nay be used as

t he capping noiety include al kyl 25 groups such as nethyl, ethyl, propyl,

i sopropyl, butyl, -16 isobutyl, tert-butyl, pentyl, neopentyl, hexyl,

cycl ohexyl, octyl, nonyl and de% aryl groups such as phenyl, tolyl and
xylyl; aral kyl groHEs—Ss ﬁDﬁs—b zyI phenyl et hyl and phenyl propyl ;

al kenyl groups such as vinyl, allyl, propenyl, 5 isopropenyl, butenyl,
hexenyl , cycl ohexenyl and octenyl; and substituted groups in which sone or

all of the hydr ogen on above groups have been substituted with
hal ogen at oms sudﬂcﬁs i oM ®@ or chloride, cyano, hydroxyl,
H(OR2) z- (wherein R2 is gn al kyl'eéne having 2 to 4 10 carbons, and z is an

integer from1l to 100), %nino, am noal kyl or phosphono. Specific exanples
of such substituted grodps include cyanoethyl, cyanobenzyl, substituted
groups in which cyano i nde ot her al kyl groups, chloronethyl,

chl oropropyl, bro ( opropyl. These may be used al one or
as conbinations of two qr nore thereof. The nonoval ent hydrocarbon group
is preferably one having from1l to 8 carbons. Illustrative exanples of
RACO- groups that may b
R4 is a 20 substityEg ~ | entp3hydr ocar bon group.
Preferred exanplegyg X Iky%H@“ogp enyl é?oups whi ch may be
substituted with cyano, acyl groups, benzoyl groups and cyanobenzoyl
groups. The reaction in method (2) between the above-described 25

pol yvi nyl al coh ni d
above- descrlbedﬂ%o yoxyéﬁﬂﬁf%héﬁg%ﬁ%%éﬁg %gagﬂﬁadﬁngy& reactlve
substi t uencaxborfie examplys hef c‘ahid:ledimludﬁ t Gid,ClsQrme nBHHEH.CHsOt he-

reaction cagldiR@EmYH-WM LBxah @ bﬁnﬁo C&WOLE!@ cH)clirifed . ( lirne3Qeltelhe
reaction, the nolar ratjo betweén the pol yvi ny]
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
(EQO) /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
weight-average molecular weight range of 200 to 1,000 at
15 which the compound is liquid at room 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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al cohol and the pol yoxyal kyl ene conpound havi ng a hydroxy- reactive

- substituent at the end is preferably from1l:1 to 1:20, and nost preferably
from1l:1 to 1:10. The structure of the polyneric conpound of the 35

i nvention in which oxyal kyl ene-contai ni ng groups have been introduced onto
pol yvi nyl al cohol units can be verified by 13C NVR spectroscopy. For

exanpl e, aisciuwyl, rteHtGbultylt heerty 1,3 QédR sk rheny DERTYchelexyin

of - nycr St oA b el NS R, 48 heled Sed D 0O

al cohol wiard gty;ﬂmcbolanawxﬂdegsrqsm§uqh an/Denay b, adml@rhyheand

?Ihgygg(s)a?l%}fg}ﬁ;e %1 I'n- bearl n r%déIfCO% ‘?I uni't - COi%I ni ng \rArhelr ?2

conpoulid skganrapenssl c dashk . (Im)xerw héy%ﬂxw%&ﬂ%u%t%&%i k?/‘ll@ne 10

groups carsiiss kit dd bl tiﬂ MIERR? S5 DV HI PUSE B iy dEGgen echni ques
such as NMR or elenental analysis, _although a nethod of determ nation

based on tHOWRiIYhtthe ahgiee FHQHRT RIVE REPHSUPSTLbItel Whith t2R1998R ease
in weight agdmd Neudiol adrer1dex Imsl, yrdrtend wmmrﬁd@ ngye&nend 15

measur | ng BT R TR o (PHEFSHEE: d R e et o el

pol ylrrEro: C caxrtpamsnd Mrzgei:b | ami oirthlegezeaﬁzmrmnl amdl @bk, waniie, of the
oxyal kyl e | y t ak nj pol ymeric
conmpound o%?al néhg( PE%KP %/r}aé;ct |%€égf€£n usi @fg%|§f$€€%rence to
cal cul ate s&hstxﬂnﬁﬂdtquﬁPSDQmﬁl@d@nﬂyiﬂe@ﬁhY¥ha@Y¢nﬂQﬂ%%ﬁk i nt roduced

onto the nphgcyy &&é@f%%f&ggﬂstﬁl hew £ ady&iio abs thend&d e 306th&B! alkyl
substitution,’ e average nol ar substitution. serves here as an

25 |nd|cai%ﬁo%ﬂstrﬁh*ﬁﬁﬂmﬁtQﬂlnﬁw PEIR%! kyPEPRBOERYbs2RAat  have been

| nt r oducede ot DudFepreperul erlp@ée Vihdy | bél @@éf@l alététor|ast b@npﬂhaﬂmng
conpound of _the inventi on, e nol ar. su stl ut i on%nust be at | east

SOTPound ae e ot S nendrtar b Y RO R LENE sy St Se P udl brSe ok

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 polyoxyvalkylene 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 1:1 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
3C-NMR spectroscopy. For example, as shown in FIG. 1, the
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30 nost preferably at least 1.0. No particular upper Iimt is inposed on
~the.avérage nol ar substitution, although a value not higher than 20 is
preferred. Too | ow an average nolar substitution may result in the
inability of the ion conductive salt to dissolve, lower ion nmobility and

|l ower 35 ionic conductivity. On the other hand, increasing the average
mol ar subst¢+NMR cspéetun EDERT t spectrwe| méastsed cuyirg da avigriamt Vi¥R- change

in the sol i i1 of, . lhon-.c uctl I nd i s thus
poi nt | ess. pﬂeﬁlﬁdi%eéﬁéréésé%ﬁfer%lg%m?égr gés gﬁ Qp%?’)}yrr’grn ist?aioffgn, t he
oxyal kyl erdihghroxyreopynka e yno Igpriny  chlstoholl tpreparediby réagolygeri c

conpound Bt?&%xﬁﬁq PIRASEL Ae 4 iﬁﬁy&ﬂf?%%?eé]@@% £REK 3 ©

(200C) from [ y Vviscous_ nol asses- d to a rubbery solid. The
hi gher 5t heP&aks ey rE T PeTBFARY L ATVHS tPelginating i the as a
solid (aldpjdiasn soft, paste-like solid) having a low fluidity at 10 room
tenperature.” The pol yneri c conpound servi ng as conpongpt A, regardl ess of

its average deght® SFteRt yiRi:aRh ohe jxydtkylene chainheaEind nyt rat her
an anor phas1 peingEraTtshd D dket - ¢ e imi g Nso Dfme it Sc e @hipyuid aseheing

nol ecul ar chains. 15 The oxyal kyl ene chaj n-bearin ol yvi nyl. al cohol unit-
cont ai ni ngai)o‘f%cfr?%nEoﬁi)bu%d ﬁ%d”é‘éerb n ?ﬁtgfg?% ?%éaﬂ%/%}/%rh?i on can be
prepaned agreumsappeat by dleteitmimead i iy thoid yomese desivat varidys cappi ng sone

or all of d 0, e [ um of the
remai ni ng %&%%%ﬁ%?%%@%? o%‘%%ea%%ﬁléia%g%ﬁ% fu%??ispg%l%' t he

hydr oxyl @btipugn a Heebxgd| & | dekemovinativmepasedipen the rvetlekrt ohto the

mol ecul e) , t RO PIFhEF ahdrfal £854 Alact®ht %Andd the O PEaS®! £n "RELYRE ENt
substltuents selected from anpng hal ogen atons, substituted_or

unsubst i t REedtBS PRLGIEY HRIMSAr BE at ot R ot ni%i $MR1¢ 08P car bons,
R CO 1gr oupsnyaviibeet N Rrot SedampDe} | thué egli ©1d unaywbsé | detetminedowal ent

above) - v FEC Ly PR RSP Bt o Pt LI P epRor BOLEORPar e AGORP bUps.
30 The purpoke-cdéntaipping pdkyhedioxgémpoundschargéd 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 idonic conductivity. On the other hand, increasing the
average molar substitution beyond a certain level fails to
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oxyal kyl ene chai n-beari ng pol yvinyl al cohol unit-containing polyneric

- conmpound used in the invention with the above substituents is two-fold.

(1) I'n a polymer containing a high concentration of ion- 35 conductive
salt, dissociated cations and counter ions (anions) will readily recomnbine
in alowdielectric-constant polynmer matrix, |owering the conductivity.
Because rayiel ary fuwetlpat achangeofin Hdlqn(thm.tlrkauty o ducleblieyesf | on

associ at i Qe &, aé(mdécg Qvé nel£as %& I"EL % é)gét ant of the matrix

pol ymer by i htroduting groups at OXyT groups on the
oxyal kyl ene chal)epemachmmgnpoimnamrigalmme Wi tpelyner tiatiqol yikei c

ﬁ?gﬁ?;ngem ra%lﬁgﬁ%?& &gaerl rs§| cs}'l&gw rh&}g +1o [ CI&%}r}gg@rt [ esméltr‘l fire

r et ar d&nc @OV Tie ccaepaund dised Ay I@W%ﬁt dfaxies pbt yRRPEITance

conpound age O S Ot difpd et & sz@fci heséhn 3 BiLgh D¢ vOXYS & VhEIEsses-
chai n- bearj ng ponV|nyI al cohal unit contalnlngth olynerlc conpound is

react ed witiKe hyabkyte AactyRReTEdipbthd sB& pthtea Yyl end
groups on dé‘@re@%ﬂr@dlﬁnmwﬁﬁb hhgihe yupod;@duﬁﬂbéélasxemtgolﬂ@

Al t hough t hly poI r substlt nts for _this ur p. no
subj ect to 113 R [RRRTeT %ug%f?)r Aot 7 et ethEns 2t
substhnnembmm t&mpématm:&ed monoval ent hydr ocar bon groups having 1 to 10

car bons or %e%&w‘?é%e&&ﬁ 'éer.a&irgffé€eg?r§}gg%§ﬁt age preferable 20

to ionic substi neces cafried out with
ot her sui teggardless ielichts, amacgeasdemrm ofyrpebymentzat kot ani hongk oaps.

The secondy JEROSE, ﬁm&ap%‘?ermw%&' m&oﬂ@'ﬁ&g&rﬁert@ué%%he

hydr ophob| C properties and e retardance to the meri c comnpound,
can be achi®'REtHINIRG Kl ks hffﬁf‘iliéx‘é‘ﬁ%‘ll%he%a‘l‘%b%‘ﬁu%?’é 1af88S1- groups
(RL baisng as defhé\e@lx neyﬁén@rcmﬂsm@aﬂﬁng%ﬁwimlgammuouﬁﬂ@-the
hydroxyl g5 9KRS, Al h iy BELTE" L mSBLRS D0 B BB Lok oG L RLOME Pt
may be uset’A

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, substituted 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 alcohol 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 ilons

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

polymer matrix, lowering the conductivity. Because raising
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30 substituent here include fluorine, bromne and chlorine. Exanples of
-the.substituted or unsubstituted nonoval ent hydrocarbon groups having 1 to
10 carbons, and preferably 1 to 8 carbons, that nay be used as the
substituent include the sane as those nentioned above. Suitable exanples
of the 35 Rl noiety include the exanples given above for R4. Exanpl es of
sui t abl e RtBS8i podavapy pficthdepvhymeri matwhikclliRtonepgesedbs t he sane

SUbSt'tUteQSQBSHB§ @t'BgFeQimZQS”?8°X§E§assgyghgcEEQQEEQEQBpEo ¥aﬂ% 1 to

10 car bons 6 carbons erably
st ands foroﬁnthﬁkvﬂtQABUPO ghmerhbyeintrpdnkingi pplagr oupyps AMdtbspeC|aIIy

tr'”Ethy|Sh&ﬁkoﬂ?Qggiouﬁéeoﬁr€ﬁ8r6§9alﬁyﬁ€ﬁbtbﬂﬁih Béﬁgﬁhﬁspeﬁy%ﬂh§§ble

substituents inc am no grou S [[am no groups
phosphot us2¢6RRALNPR& -§PBYA ni?EePBﬂUﬁéFﬂpoﬁoﬁPoéﬁé .groups capped with the

above sub$uotmnataecanara&mrablfoaimbaéﬁttﬁa gBhy%%rﬂEr@o%Boﬁhﬁf%&%ﬁ|y at

| east 50 ng ﬁ aa ngre er abl g | east It 1's even possible
to cap subBtd %Va PFLLRPLENE aEﬁﬁtéF §p<<fir t FUFReagnBYETORBPA Nt S,
representi pgopertappi agdr fiire eétasdenteal |y 100 nol % However, because
there are casesn h bi ki of th r.to_di ssolve t he

i on- conducti ve sg ﬂgecrgésggg &XSF hgoﬁﬁnggyﬁgeﬁaegPS €5t he

nol ecul@r Ghapnyndfacchgdpubynertheef¢appedfm¢hbsbahmgsm ahens R13Si -

groups or oRbasRYPEHE- EHQEQ'BEQMAHPOBB Evihyisaié§ﬁeﬁiabikocbggﬁ #ﬁgtlng

S
sui t abl e anount ? subst | tuent nto account the
ability ofPPH¥m§6F9n§PmP¢HP§ adfpuaactpdswitbnat hydresyareagsh¥e of hydr oxyl

end group5com§oahafebaabytéochg 9he H?hr%&yﬂnéﬁdpbﬁBﬁbebﬂ 2Het 0 95 mol %
and nost preterab gY pegstltuent used in the practice
a

of the invBR VﬂﬁriéSCP@pﬂﬂga ngkepégp ahafBBSEAABEREENt hydrocar bon
group.15 | | | ustr altheugkatthkehighiyugelayasabshykneayanabedazy¥br this

cyanobenzoyl,,308 §HRShbEUSAbSe &L 8L hhPIpaLLNTH CY NTEEL 108! KY! groups.
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-contailning 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. Sultable 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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The use of a cyanated nonoval ent hydrocarbon group such 30 as cyanoet hyl
~in conbination wiwth a R13Si- group such as trinmethylsilyl is highly

advant ageous. In this case, the two conponents are used in relative
proportions of preferably 70 to 97 nol % and especially 90 to 97 nol %
of the cyanated nonoval ent hydrocarbon groups, and preferably 3 35 to 30
mol % andncmmemlaﬂt )h}&httmd.ﬂ)omlgﬁ@upﬁ hmeLrFy.EBito gmnmbduasedam@ all the

hyd I whi ch
anat e rmnov ent %ydr ocarcg‘kgnar £ e &Je\f%"fa\ﬁz; boen ©

cyanated - groups and groups havée been
i ncor por atsthndgefidreran mikys grgupos 26 stheeas) Imallwb@ilybagrouPS.

conducti vi are
i nt roducedé%%aé{%é.%ﬂ%gwt ueﬁ?&r EE %eﬁ %’%1&%};%, g m)l ecul ar
chai ns5of the Aﬁ%ﬁ@n%heew*ﬁfbéaﬁ | S dey | S’H}CPS "ééﬁf@)ts uhlil@l‘é%t ai ni ng

pol yneri c & WFY, COIBY1 S8 M8 X3t 4 Gt Yeh Kadiedieu s ChGh fa Pedin g Ng
pol yvi nyl al cohol wunit-containing polynmeric conpound with di oxane and

acryl oni t r9Y¥PAddi ng a sodi um 10 hydroxi de solution to the mixture, and
stirring to effTﬁé pfdpbftiﬁﬁl&ﬂleﬂ&ugroupﬁctappﬁWGMUﬂith@t£W0@@|ynEr

derlvatlve | anoe ve be i ntyoduced onto sone or

all of the'$ Sd%l% Ifﬁ% rﬁ%%}s%lga%gr%t a]c%fl‘%eg\z %% g‘r "Rt roduced as the
15 subist i tpeeferahly amyldsms’ca&(l imell ot dnyd naest epafdeably xatgleast

oxyal kyl e be p | C
conpound vn\ﬁ h acgftl ca%t':r% dgméﬁ%%\fe&h'% %%d%ug%ﬁ\féfg’ﬁe%%g%é

per chl ori ceii Frees detth cth%lmweP drubsititieni st urepresemtirgicdi ng at room

tenperatur@hﬁgﬁﬁgmgﬁtfgléf|é§heﬂ¥§hi§@cigdnhgﬂxgure S subsequently added
to cold water, foIIovmn recipitate that settles |

i C s
col l ected. The HRWRYSF ¢ g?"ec‘?‘és%ll & RS rF2R&T ot Wh%%ntlb"ou?%l%ﬁée agai n
i nt o wat erof Ttee rmwrﬁemgtcmcnw@lvé t].'li’@uidsm-ld:dlﬁﬂldj)lylwds&i]:gt s@elcteabydr ogen

car bonat e, ﬁ?ﬁ %@ coI cte %y at on,

pl aced tog er-w e\%ﬂf&r& (ﬁy%%u? bt h % Cﬂ%ﬁﬁg &

| on- excharigeel pRlyner Taee I‘@GMQd nglmermqgrmm eatcgms, R1 31— groups or
phosphorus-containing groups, it is essential to introduce a

suitable amount of substituent while 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 1s 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
30 as cyanoethyl in combination with a RﬂSi- group such as
trimethylsilyl is highly advantageous. In this case, the
two components are used 1n 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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collected, rinsed with water, then dried in vacuo, giving an acetyl ated

. pol yner derivative. 30 Cyanobenzoyl groups may be introduced as the
substituent by a nmethod which involves, for exanple, mxing the
oxyal kyl ene chai n-beari ng pol yvinyl al cohol unit- containing polyneric
conpound wi th di oxane, adding pyridine, then adding dropw se a solution of
cyanobenzombnohabendehydreéadbonageouﬁheandlRtSdH groupenhasacbeénat a

d t
et hanol { wapSorpBF a8 Fhalthel hecheR kb TplbERlb ebBeBRHREC. O of
sol ution ieleetréeasdcandudtivbtyedndnhiiroptohichprepkrbiede, fol | ow ng

whi ch the SO'“ttfna¥§n8€@ﬁ§g P ?g%a£¥éi§ngfghgﬁeang diﬁ%yéﬁgatIggent

resul ting Ere0| rinse hen
vacuo, i vihg ﬁesh@9aﬁ@beﬁéﬁpiage§h90m9h@¢uaér|Oh@lne ofhthent r oduct i on of

trlnﬁthy|5bkyélﬂ§95ﬁé aﬁalaebesfiﬁgegoey%iﬂyldaiéeh 1nanaheceﬁ¥aih§h§ne

chai n-bearin vin al cohol uhit-coOntainin g neri c_conpoun
dlnethylacg?gﬁmgﬁi aBBWH@uﬁﬁsT?Ylﬁ%?ﬂ?ﬁ§?l?¥¥&€€t hedexyalkyleRe sol ution,

and stirrispgagh- beaﬂ1hgnp619vﬂﬁy1taleéhemtuhme cbﬁﬁ&lh@ﬂg_ﬁb@yﬁ@@@blon
m xture is '

e hano / wgbBFBufa Sy Ttn, B18RahE “and 4 Skx ih L ilE, P8daEho B: Sgfith.

col | ecxted bydrbxldeaSobntibnntdiBhelmmﬂtuneacandnsﬁﬁrrang tbeef€esukting 15

soluLion | EpgasageL Dhouchn Ll 406, 8E0E" oy THECERL LGN birvhasn Cried I

vacuo, yie rimeth 5|I pping with
ot her SU|tagrévgubgelLerhschagyanqeﬁhsb gpeupsar have beenudnhygolnoed

techni quesgfipp LHHEOCTHCLDNY LROER deéuQﬁ% ents onto hydroxyl end groups.
The oxyal kyl ene_chai n- beari ng po vin unit- contalnlng pol yneric
Bhe

conpound or pol Jefagesi YALTocabREY %oﬁrOPHSmBFGhiEBﬁﬁdBPeﬁlﬁSoF
hydroxyd gsabgsitdehbe tRiecwhg bbawerbeea 5aﬂp3§ aﬂarwakampmas ﬁ%ﬁmngd
P o0, Seng AL PR e SR Ra BRI ey SR CR LR P b o1
containing polymeric compound with acetic acid and methylene
chloride, adding aqueous 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 dilalysis tubing and dialyzed with
ion-exchanged water. The resulting precipitate 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 poured into
a methanol/water (3:4) solution. The precipitate that
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salt (conponent B). Any ion-conductive salt enployed in ordinary

- el ectrochem cal devices nmay be used without particular 30 limtation.
Preferred exanples include salts obtained by conbining a quaternary oni um
cation of the general fornula RIRZR3RAN+ or R RZR3R4P+ (wherein Rl to R4
are each independently alkyls of 1 to 10 carbons) with an anion such as BF
4, N (CF3segftles optgofposotngion, igscplllested: and diaspllyed dol Nd-( C2HS)

?Egﬁg),3(?%Eﬁéﬁ%?@gﬁlfox%@ﬂ??%s%ﬁgﬁinga%&ﬁﬁﬁg%hépggi tlgﬁég%S %%E%EBF%

(C2H5) PCFééeéYS152§UPGEH5?DQNBF41yzeé4H9Fh@NBP$ulté@ﬁHpgpc4uB¢4te d&2H5)

6NPF6 , Li Bb41asdeli, Cb3acBa WhenewaR¥rhetuaadagheaeiar v%%ugon‘gli%%'g%s of
t wo nor e thﬁgeof The _amount of _t he i on-conductive sal t i Acor por at ed as

5 conpd%enFYQHP Pﬁ@yéﬁﬁﬁgsPPFBWeFaPP§§V€FﬂVPlcalIy according to a number
of factors, |ncTudlmgttbaubymenOBfl@@1&@@ﬂ9&bﬂ!§l gabupgshdy bee mol ecul ar

i ght of al.yneric c n substituent. In
ggngral, t%g%5ﬁ88nPUto§Yi§ﬁ EH&B? 58 sﬁﬁyaﬁﬁgﬂﬁagd BQFnIBGaﬁépﬂs by
wei ght of pOlyhénpmly&eoholcunmmuadnsaining pslym&mdnenbmﬁouadpﬁaferably 5

to 1,000 pagﬁﬁtﬂ¥6§8b9§@6dgnr?dﬁ%ﬁbeﬁig ¥rlReE§y§9999i het §§P§%1 even

nore prefer to 50
parts H méhghﬁol¢§éonpt@né stéﬁreasda@troemsabmpegsmurs ito effiesit the

Concentratreaceiohhe thel PBaBRRBHCHRktufBK 1B thRR Eggqgﬁt%ﬁ'hﬁ el ow for
practi cal gg oses, On the other hand, the _capacit ynmer matrix

to dissolv PBﬁhcoﬁBGcPPVEeQaFPtPsae%@éédgﬁthﬁnoﬂdUaﬁﬁ€h(§aﬂ0 i s used,
resul ting saleahbndepmﬁetpeacibmtadaltham b@tQQEBOBQ@tisAcéﬂdeBteﬁh%Yf'rSt

Lo the i nEktEBRTRED hhed AaoeoLuRtat PraParandacsorDenteapaaratane |

di ssol 14 ngsbhetion- tengassedethabtigh Flilltetrr phpee. exahpleslutisnchssolvents
oot ELUEEREEE: 1aSYbuty o B hg R I TR OO 2 25
derivative.

Capping with other suitable substituents may likewise
be carried out using known techniques for introducing those

20 substituents onto hydroxyl end groups.

The oxyalkylene chain-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 lon-conductive salt employed in ordinary

electrochemical devices may be used without particular

30 limitation. Preferred examples include salts obtained by
combining a quaternary 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,SO,,
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tetraglyne, ethyl glyne, ethyl diglyme, butyl diglyme, and glycol ethers
(e.g., "ethyl cellosolve, ethyl carbitol, butyl cellosolve, butyl
carbitol); heterocyclic ethers such as tetrahydrofuran,

2-nmet hyl t et rahydrof uran, 1, 3-di oxol ane and 30 4, 4-di net hyl -1, 3- di oxane;

but yr ol act ones such as ?- butyrolactone y- valerolactone S-val er ol act one,
3-net hyl - (CAL0NBRI i dCHINBE, andC8.0uNPF .1, (. HBxbdEFi di RiBFprand and ot her

sol vents co{BPRYo;. UsefleLa ﬁhﬁ%éoﬁgéﬁ‘ sabpgerskcs§ecornusha%§oﬁ@ de %g»lg vent s

(e.qg., N-nethylfdrmm de di et hyl t or mam N- net hyl acet am and
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di methyl carbonphe, ambhint &SB! Kb faﬁbeaﬁaectieé Qareyhﬁasrﬁafaeaat fs
et hyl ene car bonat e and snzrene carbonate), and i m dazolidinone saolvents

(e.g., 31, 3°oWPaReRy| Boln 1tag,6PrRPR hAPD TﬁEé%SSGWPéﬁigaﬁﬁy BEcQEEdngi ngl y

?r aslnrxtubea pimbed OF ﬂ@éﬁofbergﬁéluélﬁbetﬁerﬁypeleﬁti@hyb@naaaﬁgsetlon
or electri

oubl e- er _capacitors.o vention varies in _appearance
roonrt%ﬁbgr%fﬁge %@%cﬁ°i?§ﬂi%?hraﬁ9b g hﬁ #§§§££°|FQBP°PP uidto a
rubbery soand. tHaetypghef chppangragbsﬁﬁguentof Ipoggnerazat tha, ambantor e

it qualifigs fénacaﬂaagti gb551anP%9u§8&t Baghs- %rk?e g db1 pﬁr'ag a | ow

fluidity at room era ure |rs Iron for
el ect ri% Hb%bP@1Y®9§¥Cc@@@k@ﬂb@ssérvihg aﬁv@nmp@nenthé iénpceﬁQUGbﬂve

sal t COﬂD'§t@bY1doééoﬁbﬁiésby”wéEShPO'MHF&'grEEEPQHEQ 1é5t8b569VB§rts
according to conductrvrty measur enent s e ac_ | npedance net ho

t he conposPYi¥aighht afvien aBeLe Er?ﬁeriglﬁaFPStBylﬁﬁlQﬁFtﬁbehEeFSHt
conductrveaﬁalmoéa0§£@ﬂeﬁab5} 1petol60 parts By weight. ofTbbelmehxeerlc

conmpound on xhi bi ¢ cond ctrvrt bout
ROt o oL OB GO e I o5 pt FareBhLEs b, foveaRhnaeRePahERbLon] oft £R]
doubl et5 | ayen capdectors maékihg theeabndachasisybbod idbwefigthprastismasured

Pooonti ng blrpdeler! o Phie (9efle?' haRA. "thEbapabty6e AL BERGREYSS ot

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

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

butyrolactone, y-valerolactone, 8-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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25 preferably at least 0.1 KNNm nore preferably at least 0.2 kN m even
nmore preferably at least 0.4 kNNm and nost preferably at |east 0.6 kN m
Thus, the first electrolyte conposition of the invention, even when an

i on-conductive salt is added thereto 30 in high concentration, renains
anor phous wi thout crystallizing. Moreover, because it has a high

pol yoxyal kyrepielénactachonaikes al ¢ thy lems @aEanatetandmﬁtyremﬁnpeded t hr ough

the nol ecyl g, bJﬂ’ﬁs@) fegﬁ&ur dé?rt |c2:§f égll sw ega&ond 1 Sjrengt h, make

this |nvent|ve conposi t1on for Use as_an
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use of a PYyyBFicr mf@glm ﬁ,é%%@f@g&ef@&fee of polynerization

in the first 'el’ectrol yte onposition of the invention gives a_liquid

pol ynes eIectr?h%t%@rﬁﬁm#¥ﬁﬁ¢¥¢k¥§%EPQWP%§¥E#9@mﬁQE ket #RNPHY-5 a

suf fi ci ent]aydi dbapEl BEls 08! Efe Of n RO ¥1EH | Fa2F 168 ﬂmVéﬁpéaréﬂ&éda@0|ynEr
electrolyte. In either case, the polymer electrol%ée has a hi oni c

conduct i V|¥?p%nEP‘%Pﬁ%Wr? a(:%(? ek strem o Biahly oy1gcons mekass % Hﬂ‘?m&r

el ectrol ytRiquid até Udbeuybery i solhd ch Tieadhi ghethdetigossepaget degidde of

deformation..it deforns easily under, stre and can_thu y formed

‘ot e bmerEaft e e moFE s aurEPe s fSon ToRRora Bl ¢

doubl g0 Iay@ftcam@st¢o¢$k©fswlmﬂ)rh@mim@nalkowoﬁbwtéﬂtmrahar¢¢w of (A a

pol ymeri c copporneRavi ng oxyal kyl ene chai n-bearing 15 pol yvinyl al coho

units, (B) an 1on-conductive salt; and (C) a conpound haV|n€ crosslinkabl e
¥

functional groub®.the first elgetrelute romeesitionrpierelestrig as

conmponent deubie-14Psr 6@5@#@11;&@5 SGf L tI8€T Yhvén 8ok ONPRE eNén Bognguseivent s
capabl e of dlssoIV|qg the ion-copductive salt that are used 20_in the

second el ¥3+bI GREPLOHPLE 415500 rateR FmyERe i BALTRGT19CoMROWM e 4
conponant Moreov@oneatcdraitgtbe sondectsvitesnsabetendore by tnenaetion
with the flrst electro ition for.electric, double:-|laye
capact t or soEAEEE AEEHOK AT RS FPmREE 1 EL 8 CoREAEHE (FBERY Y5t Rervi ng
as conponeh® wartks dbyledeight npfirthehyen capnducthye hsalt (component B)

per 100 parts by weight of the polymeric compound (component

A), 1t 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 forth in JIS K6854 (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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for shape retention and other reasons. This conpound is reacted to forma
~three-di nensi onal network structure, thereby enhancing the adhesive
properties for use as a binder polyner and increasing shape retention. 30
In other words, when a mxture of (A) the polyneric conpound (binder
resin) and (B) the ion-conductive salt has added thereto (C) a
crosslinkabl e f@hethsaabfgaopplgmarﬁngcom@mpndnﬂa&ﬂﬁgthelbwthﬁbﬁagereaCted,

i . . b hed 35

ol yrer o Seores, (e BOTet s AE MR fon kil et RlRct ke “This
t hr ee- d|neﬁ@ﬂ@ﬁéﬂtﬁ@nméfktberdnwanéioo densaafﬂuquldspmuymaterpenetrat|ng
pol ymer nepwekckrbigve, Iaﬂbrgh%u@hﬁrﬁse ﬁ@ b%%ihe%ﬁ u%%mﬁ%ﬁ%ﬁ?%%vﬁ%% bond

conpatibility between ferent I NS ~an creases
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| ner easi ngsahage poeyhai Bleobeeaydenal ¥n BYcAUY 84sB CORIOPBAmEANd having
it intertw g}ﬁﬂgﬁgy onent forma sem-|IPN structure

strength afid® éﬁtPoﬁiapei@ﬁﬁ8n€86duﬁ¢§vﬁ§Yaaﬁ§térhéBhwhlch i's
highly suitaekliactsr. uaeemaa aobbgilaol b@eauglee%h@owugme&deaeQﬂ@q&te

olymer. 1Q_A the fo s t he crosslinkabl e
Fungtlonalgﬁrgﬁﬁggggfynaoééap Bﬁ&gaéﬁeﬁ&EYaEn £5IQCEORPBAEAC ¢ (1) an
epoxy Y oupefoxmatdgovonpbuddformsorhcnalyi andeirt Btaeseoapauednhaniugg bewo or

mor e activgaexié gseaeﬁaﬁa@be Okyim BEAChLAY W Lh Lhe epoxy group; (2) an

| socyanate grou earin oun n-conmbination with a conmpound havi ng
two or nore act he ﬁ?GPBQeﬁée§§E9@Y§eo¢0me§¢tﬂng forheflbetirdoc danhtle -

group; (3)1ay@@neapaeihafsnaftwﬁeOEnGEﬁ%ibﬁaSE'&6mg8HQ 39?§§11X§|ude

[Ilustrati exa of the epox roup- bearin
conpounds Kgglﬁg SFlﬁDPQmBBHQ§ g@?éﬂﬁsoﬁﬁaﬂﬂglﬁﬂpeébﬂén -bganiag

sor bi t o8 ppb;‘(gk/;lnydylalebhe& unsesbhi (B gal mhy@beluhce&bersaml Yy @h¥C 9l

p0|yg|yc'd¥|coﬁbgﬁﬁd g9 %Sr }QEE Lkggiggl gXona grougggly%%r%£
case, the polymeric compound serving as component A, the
ion-conductive 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 solvents
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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25 pol yglycidyl ether, triglycidyl tris(2-hydroxyethyl) isocyanurate,

gl ycerol polyglycidyl ether, trinmethylpropane polyglycidyl ether,
resorcinol diglycidyl ether, 1,6- hexanediol diglycidyl ether, ethylene

gl ycol diglycidyl ether, propylene glycol diglycidyl ether, the diglycidyl
30 ethers of ethyl ene-propyl ene glycol copolyners, polytetranethylene

gl ycol di dihis dstirustthere samthadias ctheei cbmph ol ycl dtyy  ted theeen Atlsem - | PN

structure . r r [ und with
2 Compound i rren PR GRS Sld R SRe SO AR 46 g |
al cohol , detween ithewi dthors grasriolg the memll/eeﬁmuplca's dl‘ﬂIhilItchqulerEI’l c
pol yol s sug{rAasa Py & éa Hcdn . pgicy(%)c; cﬂg -rgq and et hyl ene
gl ycol - propyl ene gl'yco cop ymers, le
1, 2- pr 8py | SHMPYYHLIC anBHFEG diie igriamiwine m@mmmnt A to
% g 3Ut a?ﬁﬂ?ﬁt,%]se% Pgrﬁ%@dtuﬁjehesl-te% gl yclﬁ)&ren dﬁ%raolﬁllsél}]% Pe col ,

i me - anedi o | et hy
1, 4-cycl o cﬁ% SRhafiGedy GIVing & BRATHAY BT nkS ggn}-/

p- xyl yl enemluo&abwemd ugh eddand A d o IpidYy e Bt ivnpt@nan® &nslinder
polyethylgp n1ne as well as polyfunctional am nes and pol yfuncti onal

car boxyl i 10 Illustrative exanples of the isocyanate group-bearing
conmpoudAd (2) i rhmudﬁ divp digidowiang mgastvma arserbras | e yared €1 igkablps, such

g?pthglnz: rGre aneﬁﬁfé—%ﬁ?g&t& n_)gée&glg{bgr?edgﬁﬁ ene dii socy‘g %‘téﬁ’%f%ﬁ%%ﬁﬁ&?% @nat ©

di i socyandte, tolidine d||socyanate hexamet hyl ene diisocyanate and

| sophor oney £ 1P @ANA GrodBAUANP B 01k fy 4eacting
t he above |€%<%Bpate cgﬁﬁgunds mntﬁPa péﬁ% can éﬁﬁ use?g' Such

conmpounds P NP I dAGRy a6t d}béﬁi%ﬁ%enszmaﬁﬁhﬂ%s‘l’f

di phenyl naiémnb |vs;|ggyanﬁ epuxy Yoduge diisocyanate with one of the
pol yol s i ed b In.this cas t he st0|ch|o tricr 0 bet ween. t he
A ST Earrind i

i socyanat e yr Sthbs ﬁq&ﬁﬂn F (LY ation with
a compound having two or more actlve 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 compounds 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 polyglycidyl ether, triglycidyl tris(2-hydroxyethyl)
isocyanurate, glycerol polyglycidyl ether, trimethylpropane
polyglycidyl ether, resorcinol diglycidyl ether, 1,6-
hexanediol diglycidyl ether, ethylene glycol diglycidyl
ether, propylene glycol diglycidyl ether, the diglycidyl

30 ethers of ethylene-propylene glycol copolymers,
polytetramethylene glycol diglycidyl ether and adiplc acid
diglycidyl ether.

A semi-IPN structure can be formed by reacting the
epoxy dgroup-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

-27-



hydroxyl groups [OH on the polyol conpound is such as to 25 satisfy the
‘condition [NCQ > [OH. The ratio [NCQ/[OH is preferably in a range of
1.03/1 to 10/1, and especially 1.10/1 to 5/1. Suitable exanples of the
pol yol include polyneric polyols such as polyethylene glycol,

pol ypropyl ene glycol 30 and ethyl ene gl ycol -propyl ene gl ycol copol yners;
and al so e@h@lehbyg¢qeoleQQ2=propylene glycol, chGlnmepyLeaadgaysol

1, 3- but di o,
25t et noF Ry Lete ' PLALEC) 02 plopy PERLABROLEL . T 35pd E 980 Opayeo
1, 4- cyclohix&nb@t%%@ Hab) | 114ﬁb@t@n@43035 hyﬂrbﬁyﬁangﬁyp enzefe,

p-xyl yl enegégine@i61Y! 2, ﬂl&iﬁéﬂH§§31n§*898§ﬁﬂédﬂbfthéﬂ@tﬁﬁlaﬁeagﬂ ycol,
3, 9-bi s(2-hydroxy- 1,1-dinethyl)-2,4,8 et raoxaspi ro[ 5, 5] -undecane. -28

AItern@tlvéipropmseaadngcohe botycyclanezaneéinhethagoli wd, érbirefB-acti ve

navi g a poTEErEYEFRGHY Codhhond o arARE T RRBRCoL RRBBYES o ey amino
group 5 beé;eh@anohgmbnd |mephgledleﬂhaﬁnlambhe andnpbdgethgladeimdnam nes

such as etQ¥'$ gl QE‘ EﬁﬁchBHLF Q@ﬁﬁ?g and’ ﬁof&QQQBQQHLQEe and

pi per azi ne; yan1ne eneam am no al cohol s such
as N neth?@ﬁb@%ﬁéh@l%ﬂiﬂ% and anlnoethanol O these, diamines 10 in which

the fupctional mpuaﬁraeyeetaﬁaﬁﬁﬂ@slSfetheflsésﬁsﬁavét ¥réuf-peaethy! | v
preferred. Here galn he stoichionetric ratio between [ groups on

t he i socyan@feoug nb%hnﬂnﬁkﬂd?hFQTP%HdehP?VﬁPgubyooﬁrtﬁ@r&niﬁeciéﬁﬁBGnd i's
such as tOgﬁatp§fysﬁhn &ondbi1yvese [ BiCChoeyhhiRe , txfMflend5 These isocyanate

b d i -1 PN st t :
dich 2 st uPeperRance SRR Fhu gy, AR PrYSaAt FootRASRE LI bIA Boar i ng
conpound diisoayanabeundipbenynyene fdthsocyapvateti déphgdydgther such as an
an ne 1 caitbooeang ﬁyli:Slf&{L Ogygpsegygpa&@ 'hEyshEahl¥gngxarp) e 1nclude

polynerlc suc ene ycofl, ypropylene glycol and
et hyl ene giy§@¢¥©ﬁ@b9léﬁ@ gS?EbDr@bpoﬂ#hﬁﬁgyaaﬂﬂealso et hyl ene

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
preferably 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 polyethylene glycol, polypropylene glycol

30 and ethylene glycol-propylene glycol copolymers; and also
ethylene glycol, 1,2-propylene glycol, 1l,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-(f-

35 hydroxyethoxy)benzene, p-xylylenediol, phenyl
diethanolamine, methyl dlethanolamine and 3,9-bis(2-hydroxy-
l,1-dimethyl)-2,4,8,10-tetraoxaspiro[5,5]-undecane.
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| ycol, 1, 2-propylene glycol, 1,3-propylene glycol, 1,3- butanediol,
4- butanedlol 1, 5-pentanedi ol, 1, 6-hexanediol, 25

, 2-di met hyl - 1, 3- propanedi ol , di et hyl ene gl ycol, dipropylene glycol,
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pol yet hyl esleoiphtonetirberyatie Pelweercl NGD] eguroups wen ghke Reocyanate0o),
1, 3- but yl egsm I I nRRRAN

gl ycoIu ydb%‘;éﬂ&gggﬁz%‘g: %ﬁégi&% [MS col %%awglﬁfq%ﬁ gfgoe[ 15] m)IJ>egcuI ar
wei ght, 4 y d r nEN

?,2-bP$[4 (acrmidseLhﬁdgyﬁMEﬂglQﬁm@paneazfggbbbmbéunds cannot by

acryl ox 0 e en i

Caor o1 oy ePREREe e Pt vs hand PP DB EcuEe e g ~ 8o 2 0P SFARESFFI S8Py1 at e,
tri met hyl oberipuned Y reaobiMQcaylbﬁecyaaatangrhypobﬂerhagecompaun9late
tetranet hyl, ol el abRnb@hd 2RV YAG 8 YBLSE - 80 URLE1YEChPAREgens, such

as an amine, alcohol, carboxylic acid or phenol.

g
1,
2

20 Illustrative examples include polymerlc polyols such as
polyethylene glycol, polypropylene glycol 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,

25 2,2-dimethyl-1,3-propanediol, diethylene glycol, dipropylene
glycol, 1,4-cyclohexanedimethanol, 1,4-bis(f3-
hydroxyethoxy)benzene, p-xylylenediol, phenyl
diethanolamine, methyl diethanolamine and polyethyleneimine,
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 crosslinkable
functional group-bearing compound serving as component C in
the inventive composition include compounds containing two

35 or more reactive double bonds, such as dlivinylbenzene,
divinylsulfone, allyl methacrylate, ethylene glycol
dimethacrylate, diethylene glycol dimethacrylate,
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di acryl ate, water-sol uble urethane dinethacrylate, tricyclodecane

“di met hanol acryl ate, hydrogenated dicycl opentadi ene diacryl ate, polyester
diacrylate and 25 polyester dinethacrylate. |If necessary, a conpound
containing an acrylic or nethacrylic group may be added. Exanpl es of such
conmpounds include acrylates and net hacryl ates such as gl yci dyl
nethacrylat@ie§n$t¢MWI9hﬁ¢qla@tmewhhceylahqdrm¢lwéthylem@ gkydalryl ate, as

[ d N N
S?netﬁilantnoet% ??&3ia€f§ §%e§n %%ﬁﬁfé?g@% ve dou {%6 %oﬁgbgbﬁ?aining
conpounds hay g Qéwﬂﬁﬂldlm%mhﬁggyl®t¢ylhnﬁdh%x4@e@iol

N- et hyl ol @phetRae A1 a 89, f@é&?(éﬁt‘ff'é eésa%z(gi@ﬁhgé@gfw@eacry' ami de), and

vinyl conmpounds such as vinyl oxazoln car bonate. Here too,
in ordér tRPIVPFORYLRRE - gm%tr%wtléacwl@bﬁ»rpb@wmm@lwul@ﬁst t Wo

reactive ckw.bd;m boml@) MsihP@rogfdeds - (ﬂtﬁéthécrfl réphhaetyosk cannot be
formed w th ﬁ@rﬁ% ounds such as nethfb met hacr ate that have but one 5

reactive dotd ROHRX Rt e B heRen Bﬁ%%%%% 7RS4t | east two
reactive dcm@tmaémymbxyetmaxyndfﬁkh&iy)ﬁnemﬁniprdpaﬂ@ubﬁﬁzbbﬂdfbearing

ol yoxyal KiTerms o ol Ro SRl B G B ans 5y = TP E8RGw,  The uce
of theol atgkycoh ¢batrnbaten @1¢th¥de@©lgbxqalk@ieuEyb@UQQnEniebhylemg
e 5o SO M duhflar 0 RAUIBCRFIONTGie TSI eforlid 11 1,
11 o4CH2cCHpolegsplar apelghic, 20Q Ty ¢00), 1 (Jybulybene gbymla (3), R4,
R5 and R Gafdergpste | Ndepeneeatédiédl diacrylate, neopentyl glycol
diacrylate, polypropylene glycol diacrylate (average
15 molecular weight, 400), 2-hydroxy-1,3-diacryloxypropane,
2,2-bis[4-(acryloxyethoxy)phenyl]lpropane, 2,2-bis[4-
(acryloxyethoxy-diethoxy)phenyl]lpropane, 2,2-bis[4-
(acryloxyethoxy-polyethoxy)phenyl]propane,
trimethylolpropane triacrylate, trimethylolpropane
20 trimethacrylate, tetramethylolmethane triacrylate,
tetramethylolmethane tetraacrylate, water-soluble urethane
diacrylate, water-soluble 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

30 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, diacetoneacrylamlde), and vinyl

compounds such as vinyloxazolines and vinylene carbonate.
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15 hydrogen atom or an al kyl group having 1 to 6 carbons, and preferably I

‘'to 4 carbons, such as nethyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl,
s-butyl and t-butyl; and X and Y satisfy the condition X a 1 and Y a 0 or
the condition X a 0 and Y ;-- 1. The sum X+Y is preferably no higher than

100, 20 and especially from1l to 30. R4 , R5 and R 6 are nost preferably
met hyl , ethyl, Hexe digo,, inrnnﬁgm tq]ﬁnana SeminRRN strugkyre orat - but yl .

I'n formnul & difp rfa%avﬁgf Aréed Abm@fld$xﬂ5§9%at0m or
refer

an al kyl group avrng 1 ar ons, an lto car bons
such as neadfgd. etThat #ﬁpr%rﬁﬁml'ﬂ%’ dk%/#woﬂi tﬁﬂfwo'c bﬁbLﬁ‘Sﬁl‘meQ Wity and
t-butyl; agghy @drﬂbcﬁmésats@éry A& tm@rhaﬁcrﬁatle afrh B8 h:évé) Wit t Gie

condltlon A ~: 1. The sum A+B_is referab no her t han 100,

and esﬁecr’é‘r@‘irtweorﬁqu‘?]oe Fpngk 7 Somey adt RePy E R OmEﬁu HALHRY

net hyl, etahtyl1eastprﬂwlreacrpiwydouméw¢ﬂds i is téguired but yI or t-butyl.
pica yoxyal kyFente ranente e SoREhest B e dRlly olsfefibés ¢
derivati vealzoxk { rmpmmwmefmrmlreastintMmemmma© a suitable
f or m of t r , rays,
m crowavezx% #1’9’8?1 ]?}?e uency"l‘ﬁ/ r&iélg‘%]r%%ﬂ%gé asf?gﬁ?f@rn?a f@%@i‘l PN type

t hr ee-1@i neveslonal '33:111@5@$¢ k@ dthet Wk ke olnt ¢orebinat iamensenia | PN struct ure

can be forgety sy 20 Té¥ne 08bnpSn &t Yo Ky | fidfo £LF@PNSA £ bRRE1 A0( 4} est er
to the polyneric conpound serving as conponent A and carrying out

pol yneri za®¢HW Ipveeermmerdedy eady noted, the addition of a

pol yoxyal kyl ene conponent - beari ng nonoester, which is a 15 nonof uncti onal
mononer, to the pg4yoxyal kyl ene conponent- @%aringodiggter is generally
preferred because |suc addltlon I nt roduces]| polyoxyal Kyl ene branched chai ns
onto the thréQC:a*lCIrEﬂGro (013 3Y00 35 PH;CH Ct@=@H,on i s~i@posed on
the relative 20 proportions of the p8lyoxyal kyl éhe conponent - beari ng

di ester and the pol yoxyal kyl ene conponent - beari ng nonoester,

| 7 Il | 8
= O— (— 9
H,C=C—C 0—6 CHZCHzOHA CHZCHO')—B R - (4)

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 2 1 and Y =z 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 R® are most
preferably methyl, ethyl, n-propyl, i-propyl, n-butyl, i-
butyl, s-butyl or t-butyl.

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 = 1 and B = 0 or the condition A = 0

and B =2 1. The sum A+B 1s preferably no higher than 100,

and especially from 1 to 30. R’, R?® and R’ are most
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al though a weight ratio of polyoxyal kyl ene conponent -bearing diester to
“pol yoxyal kyl ene conponent - beari ng nonoester wthin a range of 1 to 0.5,
and especially 1 to 0.2, is 25 preferred because this enhances film
strength. The anmpbunt of the crosslinkable functional group- bearing
conmpound i ncl uded as conponent Cis preferably 10 to 500 parts by weight,
nore pref epréferdloly ond8ty bareshpl, mepxopyl ant-pioepybr eievabyy, 20-to 100

parts by wei y wei ght of the polyneric conpound

serving as %%%bone ?§91¥$£e uséé%f | ess than 10 parts by weight may fai

to increase théI'YDimblYer@tmllXWQrmfoth%rpmyftlhvlm otmporenthan 500

parts by Vgl 168688 Lagd ﬂlé’%if&yéik)fff@né‘béclr:héa?é’ﬂtm@aﬁﬁé' x as a
| SSO I C sa

whol e to ve t e 1on 35 conductive net eadi n
undesi PablleoRgesker Wil hthe MW@%@%V%?{%@%I1€h%1n%i°%\1e%41’é‘?1’11%51%$ t he

formed fidqt-B2 Réaesldi bt xpOsSPOVE &O0SPOIEHLS ForP G dr&daidbeosecond

electrolyte conposition for electric double-|ayer capacitors _of t he

i nventi on $RGP i #% 1 el t9RY: Sl ertroRrReamunt - 017 S hedaWBRer #YPes of
sol vent s afpabbweawés dos Slol gh AErédeenen tadbatiicn | vgosaéttcasmmearrent i oned

above in colpection.yd ey Toe dlhals hoet olyle compesiit g o electric

doubl e- Iayer capaC| heinventi on e prac Ice o the
i nventlioon, sttmctmm905|ThewsemnﬂﬁPNS$hgucbmp©n@mmsb$\f@rmm@ oy adding

conblnatlo o) | : (o HpNy eated or
exposed td&% Ité&#i§¥¥#%#gﬁ&ﬁémﬁéﬁ?oﬁéﬂfﬁg%&Piﬁ%sﬁ}é§ﬁQP E eg?gon beans,
X-rays, gapeRymertc %¢mp@ma@e%eﬁwlmsgmsf¢@@@@@%@t B ;amdt GRETEBNESOUD ef f ect

the reactigi GhePPLYFESHN ZAtHGRePhr, L4S &iﬁ@é&*nﬁéﬂé@ fenetbi@ddtion of
group- beari ng conpound serving 15 as conponen resul ting

t hr ee- di nEASPOREPXYRENGI RIS SEPTRORARE nRe B Ng NORRSE WP ResM ER ﬁ%l%cular
chai nsison m&mbfﬂugai&wéfnﬁoﬂmmaﬁheﬂocﬂmenpbfﬁéxﬁglmplgmengbmpbﬁehﬂL unit-

By e

network strPuct
electric dbmbr@dmggerP@bﬁ@%yabkxlan@dbuamghed chalns 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 monoester
within a range of 1 to 0.5, and especially 1 to 0.2, is
25 preferred because this enhances film 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 weight, 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. On 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 dlssolve 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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to the invention. The sem -1PN structure can generally be forned using a
‘radi-cal polynerization reaction. The polynerization reaction nay be
carried out without the addition of a 25 polynerization initiator (also
referred to below as a "catalyst"”) when electron beamirradiation is used,
although an initiator is ordinarily added in other cases. No particular
limtation is iIrrp(mmmirort Heo glmvererompanents f t iBtawg Gr tim:asqmnd

Exanpl es of [ t Y s
acet ophenone tri 1%8 aget iZﬁiednrgnnfedlrl é%@é%% %@}brrjrgjy rflopl op enone
2-hydr oxy-Gf ridenyinesyiom érpﬁiérﬂdﬁéluqe B Jdr@;aylamlah% oHeth®i n

ether, 2, Zsarfll GlyiRee/ ARl OPRAGINES GHhERD 20 cﬂié@éi\)&n&eﬁ@é icke- Exanpl es of

t her mal polynerlzatlon initiators that may_ be used include

hi gh- t EnpeTRRANGEIYR 1Sk toras SIRTP MERLIRARS IRRWDPER SIRREC LR With

hydr oper oxgite, fﬂw@aem&ww os’iﬁtfﬁn t£dwted e 9xd dBoulsDEVEayepnal
Initiators such as benzo per oxi | aur oyl peroxide, persulfates and

azobi si solfiARALHIANS 19F %Qﬁﬁﬁﬁ%ﬁ%re initiators (redox initiators) such
as hydrogen perhxitte fpafarcmliSce;adﬁ Sthé nwemtticm,e -taoe dbampest thosul fite,

cunmene hyd i d JOMS and n e y I ne;
and al so %g]?pg(f%e %rcgoéﬂ onet ary it Z‘? Ky db@t fﬁé &ﬁﬁ%’ﬂlog &%@I J%%%‘J: and
oxygernoor gmﬂmmaal.l |m@d@d®t§mmmmrlim¢@rﬁd guky @smse@a‘yom used

al one or 3%_& A ra%f :ﬂPf %dﬂa@ior{mr&uéﬁ‘%@%ﬁv HEht Nidiédfon

catal yst, merization reaction is added in an anount
within a r%ﬁﬂj@s of X er zﬂﬁ@m@ nays, migrewaNes @ gnighohee@agreyal |y 0.1

to 0.5 pargadyatedddo A)ﬁrt&%&fé@ftﬁl@yrmmn ®rt$ﬂﬁﬁ§€§iaﬂ£@m@f
he a Itron O ess

functlonal r 15 pear.i n ound onent C
Lo o o e LD T ST el For Rt hRar it Fomeaihd LofehRg o on
rate, 1wheraa5cdd11&>weieh t@ on 'nie rmessmlhmg lthpee i diwenei gid 1l doeswook f urt her

enhance the GALALY 'fut BT AP Sae AP ILLS HTHHS1EBILLY Sfathdesh oyl use

of
oxyalkylene branched chain-bearing polyvinyl alcohol unit-

containing polymer compound to form a semi-interpenetrating
polymer network structure, thereby giving a solid polymer

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 limltation is imposed on the
polymerization initiator, or catalyst. Examples of

30 photopolymerization initiators that may be used include
acetophenone, trichloroacetophenone, 2-hydroxy-2-
methylpropiophenone, 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-temperature initiators such as cumene
hydroperoxide, t-butyl hydroperoxide, dicumyl peroxide and
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20 reagent. Although the polynerization reaction conditions are not
"subjrect to any particular limtations, in the case of photopolynerization,
for exanple, reaction is typically carried out by 5 to 30 m nutes of
exposure to 1 to 50 mMWcnR2 25 of UV Ilight at roomtenperature and in air.
Pol ynmeri zation by neans of a-beamirradiation is carried out at room
tenperaturéiahdbahY&peebBiQBLononubnagenadf1ﬁ5®1ﬁ®o3@05hvh hs beazoyde of

t her mal gggggiagtlgguro§2 Rgggg&ﬁghebgrshﬁ§gkgg QX heating at 50 to 120C

for a 30 p urs orne by pol ynerization
mut ual |y ﬁﬁ@biﬁmﬁﬁbgturpni$§n}ﬁerl@ﬁatﬁmp@ﬁatnﬁeoiyatnytems t redobked

chai n- bearnﬁgt@ahwfswybuéhcaBOh aabgeﬁOPbébﬁhaa -BREYBEE! a1¢gTPOUNd tO give
a firm three-dinmensional sem - F ructure. A cry staF structure does

not forfn RAESULLRRE-aRAdirxSPeidmoEphEise. DGEm?BesDUﬁr@Eﬁ§P6éﬂ§rlons as

the 8|npllﬁetroeé bh@tsaaﬁarﬁbhéo§md BYBRHLAE - GQﬁb%hylﬁﬁiQQhénehhﬁﬂhﬂ%@
reaction i s ﬁxggel’a car Eéla [ I’I’adl at|ion or her mal

pol yner i zaPFb eTREY 9@ﬁ??3315e66 eLTAEEPFLD QERBOSPﬂPGHyﬂéﬂnc
el ectri cal addubkggenyorganpmeithdiscaadkyhe.solid polymer electrolyte

bt db h AR h bond d
accor ding 1o t niheesy bBy ARRERAtA8R, 1R1EHAra2h wak B8  HoPg, SlaReephestse:
forth i JMSXKBBSH 06 twe9dYy, mofeptberealfly Thel dndti@tbrkNom nore
pfefefab'ycé&al&EESththg &SﬂTﬁBigmﬁigkﬁkﬁBhyr@E £985! 13- dafilam and

nost preferabl | east Pectrol
electric déDbPE pROBAT Eaﬁhéptér§36§etﬁ§ Pﬁ@@ﬁFﬁ thQslatplﬂnp§§ﬁ1byPN

structure &élghereaﬂdtasFabgahiybbamCEedoosyPhE£|SQer&aﬂ%hegeEthﬁ-
beari ng poI V|nyL¥aIco ol unit-containin meric conmpound IS

i nt er t wi neB2HWFEh h@e%ﬂPEeoﬁlﬁBﬁsFBﬁﬁFlﬁgFﬂBFE EPPGEFBPél 9¥RIR-great |y
i ncreasees bearshgpeompbentli ¢oompohbBatpgl)ymerheehdalitabyit 8f Jekst k@an

T et T BBt ek opkiBhe Oe2l128 HHPLPHANRB aYET1nd" dn' 3nd"
polymerization 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?

25 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 kV. 1In the case of thermal polymerization,
the reaction is effected by heating at 50 to 120°C for a

30 period of 0.5 to 6 hours.

The polymer formed by polymerization mutually
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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conductor to nove freely within the nol ecul e. Mreover, the polyner

‘el ectrolyte of the invention has a high conductivity of about 10-3 to 10-4
S/tcmat roomtenperature, a high bond strength and tackiness, and is not
subj ect to evaporation or 25 | eakage, thereby making it highly suitable for
use as an electrolyte (separator) for electric double-layer capacitors.
The solid pol yrire dleciuadl yaansigterd ttians asidie esinglkicitamiithe s of the

I nvention QR f eyﬁgnﬂ yﬁéfﬁl s & |k k6 b X &lr e of
above conp ean%?l%to Csiqglnlﬁ%ag sét}fst%g'l e dil uc_ts'.ejll ng ag%%%%t%%&%%%tir%te,
then subjrxeferpdamssranied Qut P rBssirradiat ¥ amQr othegmak to i nduce
filmformyd BerefiRitrolyte filmof uniform thickness can be obtained
by using a suitable neans, such as 35 roller_  coating with an ?’ | i cat or

rol 1, Screen codt§ niVelfoi®rsefonft RETTRLY S ¢P PRy ‘E‘gr coati ng.
Tlhe pg! ar id%&%ﬂﬂhd&geﬁéq@mfwﬁdf@r@nd o%wigdsuc}l heolywention is
al so directed have the foll]o irst and . second sets of. constituent
conponent S1OHE LG %t}aanjrqe;}ﬁd By o%él-ﬁ ST Loh P f Yo i RO
conposed mtregtly, s (Masuyead yansrod ogrpiow nichdn qve elly- t ype abdayd ene

chai n- bear ] (A , ILs . | rial,
and (E) a écéc}gedptﬂqvﬂewr#at%ér%g{gdr%ée%%é]%:bo %r%gﬁﬁﬁgfr%%%%@émgng

conposiot i ohl 9%4) corpazesf erabdy ialy beagin0al golimermere dppetevablyiay 10
oxyal kyl eng £41ai m-Paai /M9 Sl e HHEOPAL NI 46,1443t 20 . £ORRARNah@Vi Ng

crosslinkable functional groups, (D) a large " surface area material, and
(E) a condiR¥t Rrefarably af ?ﬁﬁ)ﬁﬁﬁi%N npound used as component A of

t he L i rs]E EOl arng ad Bi @l pet -elil)éél‘if@lﬁwpﬂ@i*éél)@c@fi& h@owbrentaper 15 f
may be of the sane ty s the pol yneric conmppund ser vij as_copponent A o
t he above-‘b@%‘?f’b‘é’ﬁs fcﬁfsﬁahean’d“é%& F Di%t F%Wes%{’rb%@gt?gﬁgc T€electric
doubl asl aydierehparchd disgloly theancivedt oxyaliynkeharigeaschédcehaira materi a

Surface oroSEPEREERITAYL Db Rl o SRLARLT FEL Ao CRY) BomBodiEG, ! ©

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 electrolyte of the invention has a high conductivity
of about 10 to 10 S/cm at room temperature, a high bond
strength and tackiness, and 1s 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, coating 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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m 2/ g ,. and nost preferably from1,500 to 3,000 M/g , and having an
‘average particle size of preferably not nore than 30 pm and especially
from5 to 30 pm At a specific 25 surface and an average particle size
outside the above respective ranges, it may be difficult to achi eve an

el ectric doubl e-layer capacitor having a |large electrostatic capacitance
and a | ow resi steolaxrtiahlede ketnpdds-Hérning ¢tempesstuidmsetareaich
material s ' *gf CidV, RO r rials
by an appr%ﬁ%ﬁ%éig rég?ﬁ%%t§%§%6%§ég§€%% as é?ﬁ%%1@%%i@gﬁéﬁﬁf9€$t2%$§en KCH
activati orseErApieky ett¢onsettuenboremporent®. t hose manufactured from
coconut shel |l s, riphepptsy a?&féffié’bli'& C&%Pﬁocﬁ’é’lﬁ’éﬂﬁi‘x‘?&céh'ﬁ@sf@ib%aﬁd

carbons may b 35 used one or as co nations of two or nore thereof.

e
Acti vated CAPRRTRA RFINAEL Y o?f phho? sPObEIe Bl @ FPPRRENGheBiRGcenes are
he. | a1 ge ot aE e L or e e ) eraply 1rom
the large surface area material_ ing ed _as_conponent D is prefera
800 to 2, SHFIRITEEFS FrrgmateniplsRrd alF) 4 GoR Gt Ve obRERFLaL by
wei ght, per 10ﬂ1¢)gsé<soﬂna pfi@.‘ttzaxf)ld;] hlgl@@i:iym#fomﬁﬁ)@%&nﬁ@éﬂtﬂi@nais
t T Li1on tpo C e surface are mat eri al may

fgaESnSEe ékﬁ%ﬁ%%?@%%&mp%&f¥H%Pp8¥gr?z%%iéheﬁﬁ%c??TR@E? r%?%bn%onposition,

r esul tliong oxyabkylemheshaintedfinhepclyvimyl cal¢eltobrunns f heCbt&er hand,
t littl | h ct I n in
00 11111 &dfffitng STAE SEEE BRI R o PAYRal N Shbec! (9] 4NELeas! N

the resistance an ng the capacitance po ~electrodes
produced fF&Fia¢R Peparmatertak) eznd otle) faraepductbrpdsatenhal 15 The

conductive mat efhél potB@feBic CONPINENE Esd@YadecofYonsit LADGE PR eFiakt
capabl e of c nff%ééﬁ% e ectrlial conductivity to the_pol ari zabl e

el ectr ode-Fr3f RFEroTe ~F TRy atURC A bhpr 2 | 1R LHRVRREEOR bl ack,
Ket j enisl aakay deetgf etige bdand, t¥pe bas vie Sl pmendd utGhpd@nd@r éphvigg as

artificial [ te, allic_fiber an talli wders such as
titanium o%&i‘g&gén%ﬁ%ﬁ%n#%?n %?(?‘G%Tgiﬁ?/rgﬂgg %*’r%gn%li? a??‘%‘ﬁ%gof two or nore
t her eof negléetrskyite Gkompositions for electric double-layer

capacitors of the invention.

The large surface area material serving as component D
20 1is 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 pm. 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 1include activated carbons manufactured from carbon materials
by an appropriate treatment process such as steam activation
or molten KOH activation. Exemplary activated carbons
include those manufactured from coconut shells, 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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t hese, Ketjenblack and acetyl ene bl ack, which are both types of carbon

‘bl ack, are preferred. The average particle size 25 of the conductive

mat erial powder is preferably 10 to 100 nm and especially 20 to 40 nm
The amount of conductive material serving as conponent E is preferably 50
to 500 parts by weight, and especially 100 to 300 parts by weight, per 100
parts by mﬁpbﬁﬂcgmeﬁhQIQOPEGfQﬁﬁeﬂcf@DnQthGVS@gvanyaasecehQGhenstAti¢he
presence Ofg gggtgygg conductive material in the conposition reduces the
proportion o? | arge surface area material, which nmay |ower the

el ectrostatic cﬂbécﬁmghﬁﬁ of the paraei subfacecqavearmatesbeli hnaluded t he

composi ti ods Qmpéert 8T 15apgerdably AAGh! 500 06 ﬁ?@ob'ﬁ&fgscﬁ ducti ve

materi al ma confer adequate conductivity. tion To above

conponent sYAl 9Bt angng eFREcipLLy p%@%rF?a%k%oglE@FF%dBYfUF%GHE »cBfPosi tion
of the inveooipartsayyiweigne efFsehe ﬁoiymeﬁgcsebmpaﬁndlbéﬂeiﬁgtage

exanples of suita tin | vent ncl ude yrrol i done,
acetoni tri f&"P ?%??ghgdro#ﬁ?aﬂgdégé?ﬁngf h%?h??c hiﬂﬁgekﬁPBﬁacglaﬁealoxane
and ethylemetgryablmdyntbwgr thehbondPSEfengbhyofthhedpbnarmgabmévent S

added in é 961‘@?11&0 Cg?gg‘g.?nbyr&\?uﬂpin I[llggogaé&aﬁgXO}qeltght

of the overa? arlza ofmn conp e pol yreric
conpou¥d utke ggrt@ntoﬂ@hle¢t@r t hen Eb@oﬂﬁhgblhmndabteoelettledéargen1ng

conposi ti 0BuPfatlCarsdVRELEPa B aPen e S@f?e&fpgfa§n89gggﬂﬁ Lyflel N the

earlier-described first and second el ectrol yte conpositions | ectric
doubl e- | ayEfStabaRFe ofRBAotoVeELRG ERe | 6APaGhEange @Enﬁghﬂﬁihéblﬂg

crossl i nkabl ecttvgés opabagEeaPErvhi the | folabedabes ek Ne36r6Q8PLHLMING MY be
of the sang tggﬁbgi??conponent Cin the earlier-described second

electrolyt(éOm fon for electric double-layer capacitors. Mreover,
t he Iarsge surfa'Ebeacendmattvealhateruahguaedca)ﬁpompbn&lanﬂ Byt be any

conduct | ves iRt 6618 aELYLRY B30E8TBO0ENLoREIRYLRG 8l obbescgame Tespective

types as conponents ove- descri ol ari zabl e
el ectrode ﬁ%ﬁ@??ﬁlvb$Yth@ theveeiaphzable electrode- forming

composition. Illustrative examples include carbon black,
Ketjenblack, acetylene black, carbon whiskers, natural
20 graphite, artificial graphlte, 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 especilally
100 to 300 parts by weight, per 100 parts by weight of the
30 polymeric compound serving 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 hand,
35 the addition of too little conductive material may fail to
confer adequate conductivity.
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The conmpound havi ng crosslinkabl e functional groups 25 that serves as
“conponent Cis included in an anmount of 10 to 100 parts by weight, and
preferably 20 to 80 parts by weight, per 100 parts by wei ght of the

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
E may be incl uded additiondie abaismteorpondnits dat )l atbdvie, vithé ffstence to

the first poj ectrof «.aff‘é%éd@eféﬁﬁﬁiq‘l Oﬁ@@{f‘é dP"bof Tﬂ’?efiﬂié @f‘&‘nsecond

pol ari zable e orm ng_ conposi e invention have bond
strengt h, ray 3melids mkrg dydiblweindEelverior doblbis twatkive sex@%h% 1994) ,

of preferaé%ysﬁté%tdﬂﬁtﬁ%@omrﬁté)rfﬁ@[@é%M\I-ﬂﬁeﬂ?ﬁflz 0.2 kN'm and

nost preferably at |east The 1 nvention relates also to

pol ar i fabuéwétr%wm agRnl Br el ey derfeeahIirelbiEahg 3¢RtBRY e TREL and
second padghy zatéteareé ect rpderd:edne Ngh & WHSEl dndGléol Neimémigyt i on  onto a

t | |.ect h ' f bl d f tal.
A num S o ARty e (PRI sdpiet I S adaccTeR, © ™' °
col | ect or sanhewatsef B0 thei I50i gArtorvpsiaight gsest BOE epartsinbynumeight
especi al | y, advantaeons, n, ASCONN o oy ddeddaniouel ahtoandoLop gh ect i cal
colT’ector may

resi st ance he curre e I'n any s orm Such as
a foillo expandéethergpal ymer bhezempgunsd m%eécasmcanpwmt A opf athéeet of foam

nmetal. A féggxnh¥ﬁﬁgfé¥i .fg éﬁ%@ﬂﬂ&xﬂe f&%ﬂaﬁﬁ?§§°¢§°é¥kiéﬁlé2 aegér(ﬂ at|ve|y

especi al | y advantageous because it Is easy t0 ro or sta
i nexpensi VEVestigremay ke £f e SW%WW@F geonpreneRt rkninchhreector, it

i's dﬁSl r?bé@riibzb‘-s&e%cﬁﬂ%ﬁ Cﬁirs?'&ﬂdr%ﬁ Cal e @FrHIYy S C@d}g)mpﬂ@?ﬂﬁoﬁﬁ t

rou en ace pecC S | I oves e eness O ont ac et ween
e ar Mo 1 S RS 4T L Ay TRARAC T 2 Thr i cor vt L0 b Thgree.
20 Thgspolmmpcahxhds ledetiig ocheo é 1 1rtteath Ty efiin otd oyl bgrodpes neldiely appl yi ng
the fi rStOﬁe&%&xf'%lﬁ’oéé‘ré&%%ﬁen@@%é;,?dt?efc?f MR SARPOSYpLoggonto the

current c ector
component C in the earlier-described second electrolyte

composition for electric double-layer 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 material 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
0.2 kN/m, and most preferably at least 0.4 kN/m.
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a uniformthickness using a suitable nmeans such as roller coating with an
"applicator roll, screen coating, doctor 25 blade coating, spin coating or
bar coating. In cases where the second pol arizabl e el ectrode-form ng
conposition is used, a polarizable electrode according to the invention
can be obtained in a semsolid state by coating the conposition onto the
current col | ectlhe imventd®@rmalediatest mlsmamadmﬂ(ﬂnimhire aale&&nqﬁamoc for 1

to 6 hOURn‘-hlcTP%fe”‘b%'HddHéd %j"'c%% I & a%tov%“ﬁ | ayer
el ectr es Wlt a

capaci tor conprised of a pailr_"of polariza separ at or
di sposed HRedAd&akden elpetresiefioxming q&mmiztaimr@ afedxhandeweietgm bed

above are gixef fTurddtPdd11cty .ari zabl e el ectrodes in the capacitor,
with both electrodes in the pair preferabl bei ng of the sane

constroction. AN CArnefte S leiatatis Hrfﬁfterrwyb@%é'tPQ% efhanetalentive

capaci t or Aluimimestced Bytdimleegnalitdt) arsepargiisf s tdtisd ra enedh an
I on- conductive aIt ont.ai_ni squtBPp The jﬁé’rator substrate nmay be a
mat eri al COMSH GFoTE FOHESE doubl e-| ayer

capaci tor a‘esﬂdﬂams:ter at |A1emexmxrplies espdaidﬂmlwaqﬂa@mmmmmdm ic,

pol ypropyl 0 I tg ve fabri 0 PTFE porous
film kraf t%ngz;%ep%\fheeti onl’l%gﬁb ﬂ\% rzrii-fosﬁi 4 ecreg and si sal
fiberdd manil amm Ogllld@sltom tmay skhaeem, angh Iaﬂ:d@lbaas&nrml entalol ytic

paper, papgl "848 1,f QP ER nfdthal S .a RIS B fﬁt@?@aﬁ&%wﬁ l'ul ose

and glass fibers, ‘and combi nations thereof in the form ayer

sheets. TR¥F itomhesid @ ifpams sietadont & Maid <aRe i lies tasmpwselng cﬁ an

i on- conduaihivknsdd NG @ t@'l\@f‘tpnﬁafba@s%éﬁlald.ys%dv\éd’tga dtuss Hdaaydd ch
he ion-conductive sal.t e sol vent thereof

may be of .the sane ty t
oot 11 AF 36 BH5e o Hoindth [HAS A R LTI E e SHSARAP ERYS T and
secondsel éﬂ'telmlwmetraimﬂmmn iien enfpdroyelde ety i thed e tayerl lexspac) tior s of

the i nventi O The i+ oRlct] Sc‘?‘ ?r@.éalhaselaect%%eemlrc% 1 Yk 'ghydi&ar

I on- conductlve salt-con a|n|ng
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-forming 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 Dblade 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 obtalned in a semisolid state by
coating the composition onto the current collector, then

30 holding the coated collector at 60 to 100°C for 1 to 6
hours.

The invention is also 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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of preferably 0.5 to 2.5 nol/L. 25 The separator produced by inpregnating
‘the separator substrate with this ion-conductive salt-containing solution
may be placed between a pair of the inventive polarizable electrodes and a
given force applied to forman electric double-layer capacitor. 30 A
second type of separator that may be used herein is produced by coating or
i mpr egnat iPRtR ekgriredes sibsthetraliy preferabln ke trg cof pblae f $ame or
second el egdx ot i £oposi tion for electric double-layer capacitors of the
i nvention. The separator substrate used in this case may_be 35 any of

t hose nent i onedAa%b‘F/%‘? GmRe i of c%‘*?ﬂ’%aEO%eW*ét‘B"i‘thP%d‘ﬁ%é@I B tR&ting or

| mpr egnat i Wy d el P& PSEPAOL t SHDES rgESaEdd bpeimpFédnatidngl £Csépaybeor

conposition for electric douple-layer capacitors of the inventjon is

o hnod SherMERTLEA S YIHE AReleRveraguet T, et sprntalbleg orelubRin s i ven

K[essure_iﬂh@pﬁép&rhtdr sab st patel may rve aondteriayecommpnatytosed as a
ternative

I a_ 5 separator produced by coati | | t he
separ at or S%%%E?F%Yes ?ﬁr?%% %%c%%%c% %%t@%?9?%'2%%%%2%§$%§i#§?3'eIectric
doubl e- | ayEllespoative seximphesi hnehudenpdtypthzbene beonpevien pabriof the
I nventive ' I ' S ' '
Fol | owi ng BhLEbr EREln FEheores B g by e e R B PP BBBE Por 1 1o
hours ¥0 ePTRBEtPoxeRs nEllmhekedlt fpapehg Sheet etaidcfaeonbheblandref

capaci tor. rAvbfi £ fhd¥PeaRei SEHAL akPhetHat maRY18ensmBdshEE L], Ngllassconposed
of a solid _polyner electrolyte |ayer obtained from 15 the first

y
el ect rol ytELR@RpeReeT onCebiuLpeerPrgedotibeet Fay¥E1¢ aPaRPT or B2BET RS

i nvention. f+émt FhgosabebetHE POb¥HEhaGe £P6ROMNH1ERAVORJc8s1aDEpanant A in
the first electr osi t or_el | c.doub er paci tors of

the i nverfH5Re | S1BFER or 2B, SrmbiPrtSing FRAFaFe ST ERR! BSFD: #850 havi no
suf fi cisenthyltahtgeenvehegbsdegree of polynerization. That is, the average
degree of  pol ypRLi 284 Q8nUEL1PE 8h1t€8Sht4Pn1RGYsbEuPi6hCEAPEYMPLEBAN

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 pair 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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a range of 20 to 2000. Specifically, the first electrolyte conposition 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 bl ade coating, spin coating or bar coating, and is cast using a
doctor knié¢kedorajpte cermposieken Lowtébecpolardoeble- bapet roapacitohe sane
Const T uct iR Ut PlAvadk 2081 15! pihLoa ot Sl AR BE CBR! Syl B! €0 1O
the assenbly such as to give t tron a pre &Y ef m ned

t hi ckness,Pelariiable e eaigredes 2 tauﬁlmm@ew%e zeapareplmd B A
fourth typeofth APRETEEEFENMbuBRY. Deyels Capdo LORPOS A totnaL £PL1Y, PRI yTEr

el ectrolyte layer produced by curing the 'second el ectrolyte conp 03|t|on
for el 8ct rfPYARNE-PEYICEATLE FRATIRI OB LiprReIRTelag o elﬁeP%¥§t%ése

the secondsuiedeed & wienh CONDOSEESRA éPéc@i-&l?j{'fé Cc&@b'@éfti@ﬂefoﬁapam tors
of the invention I%aﬁﬁgg?nf onto the surface_of ol ari zabl e el ectrode of

the i nvent§tictotd %Y?ﬁl%?ﬂ%%%t?@saQQLﬁQ%b* VeREHAN LR P LRCRY) | er
coating vmlbéltwmen aapp;bamt@f. tl@él1n\s@m'emcp)@1aﬂgzabimt@1ebtﬁd@esoahdn@,

spin coating, 5|n cior knif plicator.
Next, anot e %E%%%. e eI d% ofgf%e SAE gWﬁ%%ﬁs#ﬁ%c%?%%fF%gglaced
agai nsito thassqmalY51ﬂeh@h@ @tpﬁ@sﬁ@rboqnclﬁoapblt@dBtbouhe besefibégtsuch as
to give thg, Oféfﬁ a%@rgiggggfg ﬁfécf Sseq 1Ne assenbly is
t hen held to for hours to effect cu ng, thereby

yi el di ng a%ﬁEﬁ%kﬁ?¥c double Iayer capacitor. Thus, the electric

doubl e-1 ayer cav&a&i:QaStﬁet@ﬁ éépéf'él%ht:'ﬂ'i'aﬂ%{af'ab’é Bs¥@ het¥iRfis
constructlons dgg& rticul ar conblnatlon of Qolarlzable

ndi n
el ect r odesSom a?%rgaﬁﬂl % tE SbPCRRRlVte Ll aReT cORtBIRE | TP e
el ect rlmdeSﬁe@af:at@t Nebecteolgt s ot ompd s { ) &onponeadl sctrid asdble-layer

ECanonentééng§¥5§su§§ the invention. 1In this case, the polymeric
compound serving as component A in the first electrolyte
composition for electric double-layer capacitors of the
invention is preferably used in a solid or semisolid form

20 having a sufficiently large average degree of
polymerization. That is, the average degree of
polymerization must be at least 20, and is preferably within
a range of 20 to 2000.

Specifically, the first electrolyte composition for

25 electric double-layer capaclitors of the invention is applied
onto the surface of a polarizable electrode to a uniform
thickness by a sultable 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

30 applicator. Next, another polarizable 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 composed
of a solid polymer electrolyte layer produced by curing the
second electrolyte composition for electrlic double-layer
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(2) Conponent sA, BandCnot used (3) Conponent sA, BandCused (4) Conponents A, C, D
‘and 'EConponent Bused (5) Conponent sAandBnot used (6) Conponent sA, BandCnot
used (7) Conponent sA, BandCused 20 By using current collectors coated with
the first or second polarizable el ectrode-form ng conposition as the pair
of polarizable electrodes in the electric double-layer capacitors of the

i nvent i on, Capacitpusseh| theoinventyonondlin LBipoeasey thegsesonflace area
mat eri al % r Yy [ u i rst
o second CaTaer v ol e onpRELE fbn eYE! ERHEEri LY aBhEL P By Le BRBEC EBEL S
the invent?bnthe %h@egﬁbgﬂaiéraEPlBQ@eﬁnb@tﬁkénsﬂhﬁagal@f a2 of polarizable

el ectrodespoi 481 a6 88 QEeQBiéﬂ@lehtﬂé 1H€éﬁ€i8ﬁn68 gl grigbgmdoubl e-1 ayer
capacitors in which the polarizable el ectrodes and_the segarator are

firmy %on%ackn?ﬁsthzs@ tuikabie BERRFCENGR AReFellfpE feprbipgaMithsan

e|ectrodeSappuieanﬁepalatoscfeéﬁC&éatyﬁg CQB@@érthHdéOéoaﬁiﬁ trbﬁin
doubl e- | ayer EaﬁaC|to ctrol share

constit uent¥3-thé ?ﬁté??a%?ﬁ?lnges?ggaﬁﬁecﬁﬁgwgﬁﬁn h@ ﬂB?E?Fz%BFEe
eIectrodesappﬁ1¢héorsepneatorananhée polertdabhakehgcttofesst bthet pambt ai n

hi0h 10 quabhby-SLEEOA! £ IBYRLEA! BuelnEPRRILOLS-IaxlAG 8a QUbaLERIEDS
per f or mance. particul ar a 0sed on S e

el ect ricc dbabapplagért@apheuaassmblythechnaentoogivaltheugpplieﬂn}like
Capac'tOrSc@ﬁﬁoQi@i@ﬁrEdprgﬁété¥ﬂiﬁ@h Eﬁ?@ﬁhégé 15Tﬁga9§séﬂﬁ X”Yﬁ ?ﬁeHsed

is a cylindrical shape arrived w ndi ng a contl nuous
separ at or Beldedh @O0pher186° Cc59¥|huBstlbﬂg?ﬁst@feﬁféétréﬂéiﬂg form an

el ement, tRereBEPayiovALhg éheﬁéétﬂé_hd@uBQBaﬂ&?@f';cﬁbﬁfiifl@fytS sgl ution,
I Ndr1 Cal CLosed-end case.

and encI03|ng t nat ed, el engnt_|n 20 ¢
Anot her typicalgﬁﬂﬁacﬁPgr i%ﬁﬁﬁ%cnﬁan%ﬁnyEeﬁs aPRCiLoFEcPinblifar shape
arrivex atibyention may have a variety of constructions depending on

the particular combination of polarizable electrodes,

separator and nonagqueous solvent used

Table 1

Polarizable electrodes Separator NZ&%&ﬂSﬁ?s
(1) | Components A, D and E Components A and B not used
(2) " Components A, B and C not used
(3) " Components A, B and C used
(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
(7) " Components A, B and C used

20

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 capacitors
of the invention as the separator situated between the pair
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alternately stacking a plurality of rectangul ar electrodes as the positive
‘and ‘negative el ectrodes with separators therebetween to forman el enent,

i npregnating the elenent 25 with a nonaqueous el ectrolyte sol ution, and
enclosing the inpregnated elenment in a rectangul ar cl osed-end case. The

el ectric doubl e-layer capacitors of the invention are well-suited to use
in a vari eoff pplapbiabbe i ehectrodes udthereenan ybeacktipipedehighppl i es for

el ectronicy é%&é%&%ﬂ?@”éléH€P185d8@6fQDE£ yé& ”@ §E$t8p4 Eﬁr%ﬁPkﬁ ghectronic

devi ces, power supplies_to protect persona nPuters an er equi prent
fr om suddePObatkzable ;gtectipdes san t%@l$§Pa§§ @he}§ Eivmbyebepdedrs for

sol ar powetn genesat t&fes and partféﬂPéfa&themtﬁé P@i&ﬁit&ﬁlés | oad-1 evel i ng
power supplies. 35 The foll ow ng synthesis exanf exanpl es of the

i nvent i%n %%%CEBﬂi%ﬁa??@et%%aﬁ%PQEaE?E pebeT HES YBelPP%E?ﬁaFéOPhSOr
i nvention, epdgtB1i€ AOEL1ELE t@patitodrt her §6DDG ﬁbryﬁef SYNTHESI S

EXAMPLE 1 t] d wit h d

DML |\ &oh etk 2D H6RRE BI LR LI FuhLT | PR ShEFERE IR, o 00

pol ymer i zateshs t &0t benwéealtb@opolarnzabbe,eleetﬁaaésaadd7ﬁhparts by

O o SGFALREor lan 30U CPUGL 0N U a1 06 1+ BJoBB1DSC Yo B BLY 1 0f, 0T U
E ma er §-gradua P € un

hydr oxi de arts
stirri¥yg, Gh@lstYr¢lﬁgtmmg @@ublﬁubdyebrc@nechbgrsahaVDD§1anenperature To

this solutbggsggﬁdgﬁ dﬂ@{fgrﬁgggg over a period of 3 hours a solution of
67 parts by we In 100 parts by weight of acetone. The

resulting 15 n§9t9¢§t3ﬁ51§¥|%%@HtﬁbioB hsutmpasedoor theeshape Pfethe

reaction. élééffﬂ@ @@§b§é0pa§érfQAbQ&iﬁsréeaﬁttﬁe iAPERt €bhONa1'¥hshgHPON
t he pol yne |tated [omthe reci pitate was iggFected

di ssol ved %h 40 1 %a??%a%§tﬂﬁ?gﬂ?eoPrﬁﬁ?EFegn ﬂgﬁtFK 1984 GRPAC
aci d. 0 Téekapeuthatimayd pel ysed asapaylinédibyldshbpsi arranddt Ae by

v b S48 0" 5pLRGEESCTRnOLY, 000 22,70:POELRLEN, anghal o8 2
nol ecul ar geentipupes shepgths of electrode to form an element,
impregnating the element with a nonagueous electrolyte
solution, and enclosing the impregnated element in a
20 cylindrical closed-end case. Another typical capacitor
shape that may be used is a rectangular shape arrived at by
alternately stacking a plurality of rectangular electrodes
as the positive and negative electrodes with separators
therebetween to form an element, impregnating the element
25 with a nonaqueous 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 variety of applications,
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 solar cells
as energy storage systems for solar power generation, and in
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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bel ow. (CH2CH), - (CH2CH)b I I OHO0 I D 25 Here, DHP represents the

“di hydroxypropyl group which has fornmed as a result of glycidol addition.
The structure is that of an oligoner chain having either of the two

| i nkages shown below. DHP~ -(CH )CHCH,,O 0 __ (CH2 CH20~_ | CH2() -44 The
nol ar substitution (MS) can be calculated as follows fromthe wei ght of

t he PVA chhl@edtanﬂethbembngentbbn,tandpandunbtobnaénédd Ho( Lhmt tmbhecul ar
wei ght of $¥ Uﬁ gglecular meight of PVA derivative obtained by
addition of n unrts of glycidol) 44/(44 + 74n) = 10 (wei ght of charged
PVA)/22.50 (weight of product) 10 n 0. 74 The average nol ar substitution

Ca|CU|atedSiHEHESﬁS_EXAﬁt%Eli thus 0.74. FIG 1 shows the 13C NMR spect rum
(DEPT spectrum 15 neasure u5|ng a Varian VXR-300 NVR spectroneter, with
D20 ad the sol beFegchiornyespebdegrirmag H%EFa@eSH%FE%nguﬁ%@mﬁatiEﬂs

det er m nedchapged hei €l 16 %Q@ﬂs Sshgnabight eosi f)bfl{rﬁn?i bgon&iH2- C(OH) H

units frontathe unreacted PVA and the signal 1ntensi of the other 20

car bons vevsIe | e%ﬂﬁ?t?%np°%¥@eF¥5€F%Bﬂ o?ognr%éEY%da eeholc(oH) H) -
units deteppmhpedoRy CORPRTANG $69PGLcsbFNGLISRE &AaB0FKE) XgS 057

aqueous solution of 1.81 parts by weight of sodium hydroxide
10 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 over a
period of 3 hours a solution of 67 parts by weight of
glycidol in 100 parts by weight of acetone. The resulting
15 mixture was stirred for 8 hours at 50°C to effect the
reaction. Stirring was stopped following reaction
completion, whereupon the polymer precipitated from the
mixture. The precipitate 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 solution 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 0O

Here, DHP represents the dihydroxypropyl group which

25

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

DHP= —¢ C|3H2CHCH20-)—
0O—

|
CHzo—
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Accordingly, in the above fornula, a = 0.57 and b = 25 0.43. Hence, the
‘average length L of the DHP chain was L = M/ b = 2.21. SYNTHESI S EXAMPLE 2
30" A di hydroxypropyl ated pol yvi nyl al cohol was prepared by the same nethod
as in Synthesis Exanple 1, except that 134 parts by weight of glycidol was
used. The yield was 33.04 parts by weight. The average nol ar substitution
by di hydr oxypr dfiy¢ mwlas swivsoiiucetonn{Ms ) heapobgveajcubatedoas 35 as

cal cul ate 3 t d
Fromthe N Eous Frdh chie WERte e o7, BPA nashof she5 (A2 REAGRELBES o
- 45 SYNTHEES BpodretE ghiairedt i on vessel equipped with a stirring el enent
was charged with 10 parts by wei ght of polyvinyl alcohol (average degree
of polynerlzatlon 500; vinyl alcohol 5 fraction, Z98% and 150 parts_by
wei ght Sof (epietmglecntaxivrionh ofRWAL/ Cenltimolesulan1welght 0F PYA| ght

of sodi um dyel Pxt ffe | b Zandd@rivy Ayaveidmtopinahets ¥RSguyedasl)y added
under stirring, and stirring ¥2 conti nued for one hour at room

tenperature. To this 10 sol ut A dats bﬂ%ﬁually added over a period of 3
hours a solution of 67 partB0bywardlgbhtopfclhygedobPVin/1D05palweigyt wei ght
of dinethylsul foxide. The, resulting mxture was stirred for 8 hours at 50C
to effect the r%%c??%% tkollomﬁng reaction conpletion, a uniformsolution
was 150obtai ned and so this mas=diduié€d with water and neutralized wth
acetic acid. The neutralized solution was purified by dialysis, and the
resulting solution was freeze-dried, gIVIn 30.01 farts by wei ght of a
d|hydroxypropylﬁb%dav®©¢9©lmglaél%@h%t tyhtonyveabgelabedr fEeMstheut i on by

20 dlhydrggygigpyg g@ﬁ§solﬁ4roduced onto t he pol yvinyl al cohol, as
cal cul ated fromthe ﬁ]eld was nol ar szbStltUtlon det er ni ned

fromthe NVR spet®ruh $BQvY . Bhe TﬁeNMFaFPSCEer REBT58PECETWand L was
2.93. 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 intensity (A) of the -C*H,-C(OH)H- units from
the unreacted PVA and the signal intensity (C) of the other

20 carbons was 0.95.

In addition, the fraction of unreacted -(CH,-C(OH)H)-
units 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 yield 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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25 SYNTHESI S EXAMPLE 4 A hydroxypropyl ated pol yvi nyl al cohol was prepared
‘"by ‘the sanme nethod as in Synthesis Exanple 3, except that 53 parts by
wei ght of propyl ene oxi de was used instead of glycidol. The yield was
24. 63 parts by weight, and the 30 average nolar substitution by the

hydr oxypropyl units introduced onto the polyvinyl alcohol, as cal cul ated
from the SYNTHESI®SEAAMBLE The nol ar substitution can al so be cal cul ated

foll h PVA
35 Lor o (oA nBLERM el 0N aGloBU G{URLL SPLEEMNATCYERSAL WAs DA |,
+ 58n) (qbagmeddW1tMal@edaFtﬂobymn¢g@hto¢fpp©bnti9lehbgohqh/(44 + 58n) =

10/24. 63; padles8g8 Fodrdd of SUEyRbEYEALISh, f@ﬁaulalmslsag&@hefl ow. The

nol ar substltutlon determ ned from specfrun1mas and the ratio
a:b was 0. b6faOtBOn, AcE®% Jianpd y1 50 pastsS. 133, welight GBR | (CH2 i Hb- H

HO-f SYNJTHESI S EXAMPL A reac ves equi pped
wih a s arrebRet i EbRxdde  Char eReRRE noa0u PR oS ﬁy-’lmé?gﬂ? B B8 yubnyi
al cohol (wyfgngeoﬂegoéﬂumfhp@thtdézaniEns babtsvbpywedgnbhot ﬁ&téraotlon,

989 d j ' . t f 1.81
;ar{Z g; w%éghgg%éé%g%Ynﬁéﬁgér@é?%%oéﬁggﬁ?ﬁgpa?ﬁ@eggiﬁgﬁéﬁ %8% aater was
gradual | y edot@nuedeforsonerhogr ahdreomnr témpevaturent i Hiaetthisr one hour at

room ﬂﬁ”DE?EﬁHién JQst§£§d§919§'Q&d&ﬁsoGéﬁdHabé¥lééd8§ §4h8§£E5a20 by
wei ght of phenol é ﬁ% pC|d her (Denacol ™ EX- ro uced Nagase
e

Cheni cal s, SQ%Ht}Onaﬂ ?EE%IPYnﬁelﬂhitBfegﬁﬁ§1§?ir%ﬁd PBrPBrﬁﬁu ¥ at 50C
to effect wBeghteaet dOfetDylE61PgxVA6. St DREEedebal tOogNgikeaseti was

stirred for 8 hours at 50°C to effect the reaction.
Following reaction completion, a uniform solution was

15 obtained and so this was diluted with water and neutralized
with acetic acid. The neutralized solution was purified by
dialysls, and the resulting solution was freeze-dried,
giving 30.01 parts by weight of a dihydroxypropylated
polyvinyl alcohol. The average molar substitution by

20 dihydroxypropyl units introduced onto the 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 SYNTHESIS EXAMPLE 4
A hydroxypropylated polyvinyl alcohol was prepared by

the same method as in Synthesis Example 3, except that 53
parts by weight of propylene 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 alcohol, as calculated from
the yleld, was 1.11. The molar substitution can also be
calculated as follows.
(unit molecular weight of PVA)/(unit molecular weight of PVA

35 derivative obtained by addition of n units of propylene
oxide)
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conpl et.i on, whereupon the polyner precipitated fromthe 25 m xture. The
‘precipitate was col |l ected, dissolved in 400 parts by weight of water and
neutralized with acetic acid. The neutralized polyner was purified by
dialysis, and the resulting solution was freeze-dried, giving 53.72 parts
by weight of a phenol (EO) 5-added polyner. Based on 30 cal culations from
the yield, the =amidt(dt { EYE i ntroduced was 0.52 and the nol ar

substitution was 2.8 I ' i ) e cal cul ated
as follows. Unit ﬁ(nvfhelcu arépm?{gﬁééo{fsﬁg\%whﬂo%%ﬁroﬁe%ﬁ%)b phenol (EOS5
-( CH2- i Tpusg. 4444 i+ HE®R OGH2G ) Bb-63H and 40 371 (unit nol ecul ar

wei ght of PVA)/{unit pojecul ar wei ght of PVA 5 derivative obtained by
addition of n units of phenol (EOQ5) = 44/(44 + 370n) = (weight of charged
PVA)/ (Rei ght of product) Thus, 44/ (44 + 370n) = 10/53.72; and so n = 0.52
10 M5 = 0.52 x The studthersl rfsinikd fiorshdwn Meldie. r eled imslgyr oduct i s

shown Dbel ow. .The average nol ar stituti y the et hyl ene oxide. units,
s det or m SR TSRS Fhe g o the Wt feb BB hgtr g (LD
OH 0- CH2 ttheHGHR{RCHPHAYED 0 GH (®. 39 b AdceBiindlp2)L MaSYNTHESI S EXAMPLE
6 A reaction vessel equipped with a stirring elenment was charged with 10

parts by wei ght ofyyparii s%@ ~yhed g0 pol yvinyl acetate (average
degree of polynerﬁgatﬁgﬁgtg%b; ggtgh’algohol fraction, 77% and 150 parts

by wei ght of dinethyl sulfgxide. %ggg tion of 9.1 parts by
wei ght of sodi um hydroxide in 10 part @?38ibﬁ$ of water was gradually

added under stirring, and stirring was CH,

10
SYNTHESIS EXAMPLE 5
A reaction vessel eqguipped with a stirring element was
charged with 10 parts by weight of polyvinyl alcohol
(average degree of polymerization, 500; vinyl alcohol

15 fraction, =298%) and 150 parts by weight of dioxane. An
aqueous 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 to effect the
reaction. Stirring was stopped following reaction
completion, whereupon the polymer precipitated from the

25 mixture. The precipitate was collected, dissolved in 400
parts by weight of water and neutralized with acetic acid.
The neutralized polymer was purified by dlialysls, 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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25 continued for one hour at roomtenperature. To this solution was
‘gradual | y added over a period of 3 hours a -48 solution of 67 parts by

wel ght of glycidol in 100 parts by weight of dimethylsul foxide. The
resulting mxture was stirred for 8 hours at 50C to effect the reaction.
Fol | owm ng reaction conpletion, the uniformsolution that was 5 obtai ned was
diluted with walert armiermﬂta:alviezi@w.m,idm Rlfet iMoleamildar Wedghautofal i zed

sol ution Jnflfﬂ by dialysis, and the resulting solution was

freeze- dr . giv C§523 45 parts by weight of a di hydroxypropyl at ed

pol yvi nyl al cohol. The di hydroxypropyl units introduced onto the polyvinyl
10 al cohol had an average nolar substitution, as cal cul ated omthe
yield, of 0.8. Thetfbhar GdpsTituti O}Tdéfﬂé?mﬂd@cﬂz@ﬁn)i@l‘@spectrum was
0.98. The ratio a:b was 0.48:0.52, and L as 1.88. 15 SYNTRES|I S EXAVPLE 7
A reaction vessel equi ppé@ivath a stirrindBl enent was charged with 10
parts by weight of poly(ethylene vinyl alcohol) (average degree of

pol yneri zati on, 400; vi#yl alcohol fraction, 71937hnd 100 parts by wei ght
of 20 di net hyl sul foxi de. An aqueous solution of 1.29 parts by weight of

sodi um hyd«ﬁitd%ndlrbaul%ﬂoavséfgw i) Afued %oléf@ﬁa@& afigy edsgh under
Stll’l’lng and Stll’l’lng conti nued for one hour roomterrperature To

this Sol ASTHaESYr I}Gifl R afbvierom Herlt dH”oth ?%cﬂﬂ%“%ﬁ- 2ELblut i on
of 47.8 parts by weigha of Blorey dol in 40 parts by weight of

di met hyl sul f oxi de. The resulti tirred fo hours at 50C to
effect the reacti oVei® I%‘%Mﬂb&%ea% FIR;Cﬁe]) %qﬁﬁ cff RS Llﬁﬁ)f orm sol ution

t hat was This) nml/m i3 wthoer7andamewaal i zed with acetic 30.
acid. The neutgglh;eg) ution was purified by dialysis, and the resulting
solution was freeze-dried, giving 25.0 parts by weight of a

di hydneoxypropylms ed pwlyd et hg/leree. evi nyl al cohol ). The average nol ar
substitution by the dihydroxypropyl units introduced onto the

pol y(ethyl ene 35 vinyl alcohol), as calculated fromthe yield, was 0.8. The
The structural formula of the reaction product is shown

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

OH o— CH2(|3HCH2(OCH2CH2)50—©
OH

(a:b =048 :052)
15

SYNTHESIS 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 polymerization, 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 water
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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nmol ar substitution can also be calculated as follows. ---f CH2CH2jc -f CH2
TCH--( CH2 ICH)b OH 28 44 -( CH2CH2-j---(CH2 H~ 721 OHODHP 28 x
0.29 =8.12 44 x 0.71 =31.24 39.4 (unit nolecular weight of EVA)/(unit

nol ecul ar wei ght of EVA derivative obtained by addition of n units of
glycidol) = 39.4/(39.4 + 74n) 5 = (weight of charged PVA)/(wei ght of
product) Shlsti@e. alf(GB plan-tgzmg wellghR500; gbyelidol ninc D0@ fJaetsobwur

substitutig %}ékﬁf%{? ﬁi%EQ%EESp?ﬁﬂéUP% ﬁﬁf%hrghﬁ ercent

conver si on n| t portions of ar ent fromthe
ratio c:a: %’Cim@ﬁf%SS 1@‘312193 |EHF dgto Lef/\ﬁ%ctotm JF¢ ®s to be 4. 44.

Table 2 Stpgiideine! YaEe AW éip f%%&%ﬂtL%h@nuﬁﬁf@fﬂgéoﬁﬁgi@ﬁ that was
of uni t Reagent cal cul at ed frqugolynerlzatlon )fractionyield Yitb PVA

(500) Z§8oeP YR tRAD. Was FIL Hutegh iR bRy DRI Get Bt 12ed agAtipya
(500) a98%ghytd dol thd heutralized solution was purified by dialysis,
and the resulting solution was freeze-dried, giving 23.45
parts by weight of a dihydroxypropylated polyvinyl alcohol.
The dihydroxypropyl units introduced onto the polyvinyl
10 alcohol had an average molar substitution, 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 SYNTHESIS EXAMPLE 7
A reaction vessel equipped with a stirring element was

charged with 10 parts by welght of poly(ethylene vinyl
alcohol) (average degree of polymerization, 400; vinyl
alcohol fraction, 71%) and 100 parts by welight of

20 dimethylsulfoxide. An aqueous solution of 1.29 parts by
weight of sodium hydroxide in 7.3 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 over a period of 3 hours a

25 solution of 47.8 parts by weight of glycidol in 40 parts by
weight 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-drled, 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 vinyl alcohol), as calculated from the yield, was 0.8. The
molar substitution can also be calculated as follows.
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Ex.3 Syn. PVA (500)a98%r opyl ene oxi del. 11 Ex.4 Syn. PVA (500) a98%phenol
‘(E0)52.6 Ex.5glycidyl ether Syn.partially saponified77%l yci dol 0.8

Ex. 6pol yvi nyl acetate (500) Syn. poly(ethylene vinyl 71%l yci dol 0. 8

Ex. 7al cohol ) (400) 15 -50 SYNTHESI S EXAMPLE 8 Cyanoethyl ation: Three parts
by wei ght of the polyner prepared in Synthesis Exanple 1 was m xed with 20
parts by wei ght of —5¢0dHKE TCHJCH Hgiﬂgﬁrght of acrylonitrile. To
this m xed sol ution was added O. 16 pa of sodi um hydroxide
dissolved in 1 part by weight of wap@r, and QOstirring was carried out for
10 hours at 25C. The resulting nmixture was heutralized using the

i on-exchange 10 resin produced by O gano Cgéﬁp!ation under the trade nane
Anberlite IRC-76. The ion-exchange resin w parated off by filtration,
after which 50 parts by weight of acetone was added to the solution and
the insolubles were filt¥d ed off. 44The resul ting acetone sol uti on was

pl aced in dialysis 45{@gg@ﬂ@$;€¢¥%¢3gand di al yzes @Q9h=r@qaing wat er. The
pol ymer which precipitatéd within the d|aIyS|s ﬂf?bézfe iy Ang was

esu

coll ected and re-difssolved in acetapg. The n was
filtered, follow ng Wwhich the acetone s evaporated of f39.4i ving a
cyanoet hyl at ed pol yner ixve. The polyner derivative was dried in

vacuo, then wused to neasure HZe conductivity. The infrared absorption
spectrum of this polymer derivdtive showed no hydroxyl group absorption,

confirmng that all the hy droxg groups were pEed w t h cyanoet hyl groups
(cappi ng r §epdt mopegular weight of EVA)/(unit molecular welght of EV.

derivative obtained by addition of n units of glycidol)
39.4/(39.4 + 74n)
(weight of charged PVA)/(weight of product)
Thus, 39.4/(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
0.29:0.53:0.18. 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 yield
gyn PVA (500) 298% glycidol 0.74
x. 1
Syn.
EX.2 PVA (500) z98% glycidol 1.37
Syn. PVA (500) 298% glycidol 1.19
Ex.3
Syn. PVA (500) 298% propylene oxide 1.11
Syn. phenol (EOQ),
EX.5 PVA (500) 298% glycidyl ether 2.6
Syn. partially saponified
Ex.6 polyvinyl acetate (500) 17% glycidol : 0.8
Syn. poly(ethylene vinyl
Ex.7 alcohol) (400) 71% glycidol 0.8

15
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SYNTHESI S EXAMPLES 9 to 14 Cyanoethyl ation: A cyanoethyl ated pol yner
‘derivative was prepared in each of these exanples in the sanme manner as in
Synthesis 30 Exanple 8 by cyanoethylating the respective pol ynmers obtai ned
in Synthesis Exanples 2 to 7. The infrared absorption spectra of the
resulting polyner derivatives showed no hydroxyl group absorption,
confirningSIHEHESIﬁ_EKhMBhEdﬁoxyI groups were capped w th cyanoet hyl groups

(cappi ng @2 t 03, EXAMPLES 1 to 7 Electrolyte Conpositions for
El ectric Do % e- ngr pacitors (1): The respective cyanoethyl at ed

pol ynmer derlvatThége Bapt%pbYeueighEWQfhbbespﬁiﬁmprenrepaﬁed4inere
di ssol ved g %Eg &ﬁpiétiaﬁégyﬁfﬁgﬁnWEE%tﬁb SLHQnge%é%ghE(

ANBF4) in tetr uran such as to set t |ne
4NBF4 and @%@Xﬁﬂﬁyﬁ%¢ HerPaRES VRY | WeddlRh OﬁxéﬁﬁYéoﬁitlike Tﬁ@ ?héﬁltlng

sol ution Wﬁfx@&'goyﬁﬂfénlﬁaéegaééé @r958§a§tt9¥ahé9phkhsft§baibmdr0furan to
evapor at e, |V|ng% gf;.)%ﬁgmar derivative-su § ed electrol yte conplex
[

(electroly? +¥8detRcl rPRTHODBI BeLGHEr O£ cUBLEF: ofRd The
ConductlVléylﬂﬂﬂn@OstSéafﬂgéh ottepeh 0b hberslhtresutti ngheonpositions
(conpl exes npasur e d_as descrkgg?%geb W. . The on}tengFgature state

vas vi sual TS ILE LG RERECr S wan; PRk oUsipe, EPEonBBEPEEBARARS hel d

at 100Q@ f oresihopreduaed bheOpeavenCompogaAtibnsenfygr thapbratieonamas
measur ed. ff%HétfRér?65h0¥Hﬁ'ﬂoiagkéhén e2g g@adwggogéhgraiaa g?p'ex

was pl ace etween two co E eet separ t he
conducti vi Py Ghbtrakienn a HeﬁywhéphnﬁédEQEESnhﬁsﬂﬁéﬁbﬁt0f2§CB§ﬁdeSWﬁéngth

The bond saaeeq! boveRe 56248108 0ahdsEle OinbbOUBREL LYPE chogdrahlgRgLh test
procedure standards for adhesives set forth in JIS K6854. Specifically, a
copper shé@? m;?ﬁu%ting acetone solution was placed 1n dialysis
15 membrane tubing and dialyzed with running water. The
polymer which precipitated within the dlialysis 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 EXAMPLES 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 cyanoethylating 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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thickness of 0.6 nm a width of 25.50.2 mmand a |l ength of 30 300 mm t hat
‘had been surface-treated with sandpaper was used as the adherend. The

el ectrolyte conposition for electric double-layer capacitors was applied
to the copper adherend asa |ayer of bonding naterial, thereby giving a
T-peel test piece. Both ends of the test piece were attached to fixable 35
cl anps on EXAMBLIESIAL mawh? ne, and neasurenent was carried out. The

crosshead t 9?9 OSSO ment was
conti nued é%% %chc?rﬁ% %ﬁm%r&?l pl(gclg rerr%fjlr'lggﬁéélebonded was
about lolﬁmpa¢mtom%a@h}enent results were subjected to best-fit straight

li ne approxnnﬁﬂ S £ e PERIn b 1vaEigsd ned from
the resulting ? Dad 1 accordénggﬁw 5 JI 8401 CCNPARATIVE EXAMPLE

1A po|5yetnme¢i'ee<§|ye§¥wpﬁm$ e@?‘@l‘le]e‘ﬁd?y'@‘e Fopeesx dieseliedl yte

conposi ti ofbdOFn&t 8fLFhh Ct@@tﬁ%&&?é&ﬁﬁorlﬂurﬁaﬂé‘@téﬂ@&rd@ér@f@par ed by the
sane net hod as |n Exanp except. that oneth%Iene écol haV|ng a

wei ght - avel Eeés) ﬁﬁﬁeéuFﬁrtﬁEFéﬁdePfEGBB EPER 26069 #&¢ &BEJcqEUPiRe

pol yner. W@igmmb@twmy»mq aaadther gamweef delRevaesuvbt iRgeaghnpl ex were
measured by the netpqﬁgg ESQflbed bei 1 %f roon}tenfﬁratére state was
visually € Fipted i t %ﬁ, TeH Eﬂ%%l%& R eS| Rethi ¥ %ﬁnple was
hel d ato 10f)etﬂlimd5prémmse mchllmpﬂneetEth@rofmsanbyoe@a@mmten was
measur ed. S P COE ﬁeyPLE 2 A
hydr oxypr o %; #&ﬁ %5 %%??Q%FPY J€$$fee%og9 ex {gi %G%§§ e
conpositio 1e¢tmh*ct¢|eommmi1élmyﬁ¢r %h%‘éIl@r@?ub\.h% Jp@?é@hr ed by the sane
met hod as § gapt e, 1, except that hydroxypropyl cellulose was used as

t he polyner 25 The conductivity and bond strength of the resulting

conpl ex were neaktrePdyctiel bet aedsberd cFEreabl| ofv earR oFf obRet enperature
st at e 4aS veésSwBt1yg eyGhpes Etlions edshpleXes) thereonphsuredtasned in this

exanpl e Wetedetthl BOPG, OnRe RSN StoRPErAR8BoLESEL UEL DL sLEPT, Y
evaluated In 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 ym 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 100+0.2 mm/min, and
crosshead movement was continued until the portion of the
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30 nmeasured. The results are presented in Table 4. COVPARATI VE EXAMPLE 3 A
cyanoet hyl at ed hydroxypropyl cellul ose-supported electrolyte conplex

(el ectrolyte conmposition for electric 35 double-layer capacitors) was
prepared by the sane nethod as in Exanple 1, except that cyanoethyl ated
hydr oxypropyl cellul ose was used as the polymer. -53 The conductivity and
bond strentgest dpiedtre remadnimg bended exaserikoweabrmd. byThée net hods

descri bed t Y, e
addi tion, $@%e coﬁ%ﬁ%x 0 é%%ggg%%'#ﬁﬁ %@%ﬁp Sbaééﬁ@+£ 5€¥€%%%£fg%n% 5
hour s, andaEP@P¥km%i#@nme@@#ntm%SBeQ%F%wg®db@m¢oﬁtﬁﬁﬁgthﬁ%@%red The

resul ts argefEAREMNE T Ta erédsuledh %@Pnﬂ&&&'ifﬁtéfc@f‘&laﬁééeﬁﬂ%ﬂ
Roomtenperat ure Weight loss by (S/cm m st at eevapor ati on Exanpl e

16. 30x Po- ' BLF2%8%Bkry sol i d<0. 1% Exanpl e 23. 80x10" 40. 70r ubbery sol i d<0. 1%
Exanpl e 32. 30x10"' 0. 71rubbery sol i d<0. 1% Exanpl e 42. 40x10-"' 0. 80r ubbery

solid<0.1@g5ggggh¥ . - 40, 81r ubbery soIid<0.1@6Exaane
60. 80x10"" % Exanpl e 72. 00x10-"' 0. 56r ubbery sol i d<0. 1%
10 Table 4 CD ﬁhlyéihw¢ené3glﬁﬁh&&suﬁkorﬂe&b@ﬂuctralyye complex
(S em 8. 50 ggr D10 S0 B0010 4, BoRd & conolh SKN 1 <9, 020 01<0. 1 (ot
neasurable ura eS|on oom t-enper a
state§®Iid@@P&@lU@b%}yW@QIPIBNérgﬁthotﬁeb?amﬁ.mQKDOQQeﬂ 196 Examppiat 1 on
except that polyethylene glycol having a weight-average
molecular weight of 2000 (PEG 2000) was used as the polymer.
The conductivity and bond strength of the resulting
complex were measured by the methods described below. The
15 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
measured. The results are presented in Table 4.

D

20 COMPARATIVE EXAMPLE 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. 1In 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 cyanoethylated hydroxypropyl cellulose-supported
electrolyte complex (electrolyte composition 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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EXAMPLES 8 to 14 15 El ectrol yte Conpositions (2) and Solid Pol ymer
‘Electrolytes (1) for Electric Doubl e-Layer Capacitors: The respective

pol ymer derivatives prepared in Synthesis Exanples 8 to 14 were dissol ved
together with tetraethylammoniumtetrafluoroborate ((CH2H5) 4NBF4) in 20
tetrahydrofuran. In each exanple, the resulting solution -54 was hel d under
reduced pressurbhe ccondemtinity emn@l‘igm@fﬂtmngtlm ef aploe aresubbkng
pr edet or M 6y AU fo Ghe DA by Sfife M ¥RQks CSELERGEY! %&”U”i’ﬁ

erre er

oxyet hyl ene units = 9 el na ter as "Cross ent 1")
and 5 met hBWb‘o?WW’é‘h’ée Flree wWhorkSRatty| evalyateder B‘F a@&%«‘é#—ﬁ?bene
units = 9,thér 18K oWt a0esd £n ) tbs eeﬂ&ﬁlﬁﬂe wéS O Bl SRPUL Y6001 £h1! § Was

al so added, and the_ingredients were char into a reactor such that the
anount of BeBYE)andEHxe RRTACHD et kl?%%r%&‘n SYARPEAELOBI VRS wei ght of
1o the i nghedseréd. Thed FéSsulte argrgeésshtedei® TaBIged. i n such a way
that the weight of (CH2H5) 4NBF4 plus the weight of the polynmer derivative
pl us the wei ght of polyethylene glycol dinethacrylate plus the weight of
met hoxypol yet hyl ene gl ycol 15 nononetlckeylnt e pl us the wei ght of

azobi si sobutyronitrile was 1 kilogramper nole of the (CH2H5) 4NBF4 1
t hereby gilving the @hectiakyt ¢ EREPASedtRNS REM@F trb@GktdeC| dRUIHtETsa VT
capacitorg _of Exanples!8°rb 14| ThekFadulting compRisi ti ons vR¥PROTEEPR u$i ng

~

a doctor z@xéﬂglée applslgbaidar ffhen he@t ed at 100§ qglijg haur t g hpduce

curing, thereby vhRg—the—soeHra—potyrer—eteet+olytes Frs—foer—etlegtric
doubl e- | ay é?‘a"@bﬁpam t 0P80 Exanpl es 0870 t o 14 rW’f@%lse@{drl cal céthdbictivity
and bond s 25 of th esuTtfn [yper el rol'yles
(fi|ns) %%ﬁegigclrpd g fhp et ho é{Hpcrr gﬁﬁgL*%&ﬁg Rddlffg% theé

1
roomt enpg rEaatnm1ee4st at e.gbadhe $ol | dopal yner| ekemdetplsytia was vigual | y

eval uat ed [CS——softjpaste-ti ke gofTd, —t—hrghty —viscous—tHiquid)—_Mreoyer,
the solid |FEYPHer kel edt¥IYt es 0.81 rubbery solid <0.1%
Example 6 0.80x10"* 0.62 rubbery solid <0.1%
Example 7 2.00x107* 0.56 rubbery solid <0.1%
10
Table 4
Comp. Ex. 1 Comp. Ex., 2 Comp. Ex. 3
Conductivity (S/cm) 8.50x10°® 7.60x10°° 6.80%x10°¢
<0.01 <0.01 <0.1
Bond strength (kN/m) (not measurable) (not measurable) {(weak adhesion)
Room-temperature state solid solid rubbery solid
Weight loss by
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 ((CH,H,),NBF,) in

20 tetrahydrofuran. In each example, the resulting solution

-54-



30 obtained in these exanples were held at 100C for 5 hours, and the
percent weight |oss by evaporation was neasured. The results are presented
in Table 5. Conductivity: 35 The solid polyner electrolyte was rendered
into a 200 pmfilm sandw ched between two copper sheets, and the
conductivity was determ ned by AC i npedance neasurenent. -55 Bond Strength:
The bond sﬂasadg&lﬂvmsdmtmdﬂamﬂ Icsesiine tdhealbat - thyeete tmablydrofugan t est

Coppor sneld Suatdrate’ | NORR, afedtemtaitd Afbuteh FF SlonlbElYoid )V,
| engt h of g Ihmdimethdceybresn cuumkere- Qfe@%}@thwl¢mgammph®ef Qere used
as the adhféféldre&_hl?o?n éir?éﬁ'{‘ Cé’émoéfééé’ﬂ ]E’ingeéﬁéﬁf'f nﬁﬁ&e layer

capaC| tors was a et Ween er end as a bho | ayer,
t her eby g|m%o:synohé%thnhert%sslxﬁ@bénomﬁtwat@ hémﬁre@@rp@%ce Ver e

attached tgx étﬁ?&éﬁ%fﬁﬁiﬁ§ 9“93-*@E%ééﬁhﬁ%&ﬁ@rﬁ@e@ﬂdzﬂ?aﬁéféngﬁae&ﬂs
carried out. The crosshead was. noved at a sgeed of 100 and

crosshead ARRRHEHIORBEYERRL F RIS WAS 2182 @E@t|%ﬂdth?h%n95%@1%PE§e
remai ni ng o echawge@binito 19 reacidr Theclheasat erkat aneantt s£wer e subj ect ed

wasdet er thbT #in PRE LeGRRP AZpEoRoE5A PR SbBoFAIRIBSY PRISHES SF40L
20 EXANPLBEMdSingrddidhestrol yte Conpositions (3) and Solid Pol ymer

Hl ectrolytes (glafofFl &gl diﬁ%@%? &%&E%X%%f%é&rfh1{1'}811@5»3236' ve

pol ymer derivatives pr epar e e5|s
di ssol ved hajet Hee wmht 2®ft(a¢lﬂﬂle MBFarméHSuﬁmewsagh@op@béh@t @O(lme%)

4NBF4) i n a@fimwéfyi@@ thé #@f%}hﬁxgﬁ%@l ébﬁyisﬁgléweoﬁol ution was

hel d under _reduced pressure to alTow the t El)l/drofuran t o evaporate.
Next, a pr&HBeErag teoRhes Fh%.wi%ﬂQEr%fHﬁ% X ¥RV RkPhLeRGeALYEBposed
of a nisxt uieénafie Stadiglate PElyo! thadvéigiit dof s@zyBDal covatyadnetdribe

I quid 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 compositions were cast using a doctor
20 knife applicator, then heated at 100°C for 1 hour to induce
curing, thereby giving the so0lid 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 so0lid; 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 £ilm, sandwiched between two copper sheets, and the
conductivity was determined by AC impedance measurement.

-85~



pol yol .used for this purpose was a gl ycerol -based et hyl ene

oxi de/ pol yet hyl ene oxide = 8:2 copol yneric polyol (OH value = 1.215 ng/kg;
referred to hereinafter as "crosslinking agent 3"). The liquid isocyanate
used was pol yi socyanate 35 (NCO value = 7.381 ng/kg; "crosslinking agent
4"). The respective ingredients were charged in such a way that the

wei ght of EQHQFS&rﬂW&EM-pIus the wei ght of the polynmer -56 derivative plus

the wei ght of the l{ t he i y e liguid
was 1 klg| ogram per &F% o&é%ﬁh%%ﬁ%ﬁﬁk%h‘%%e (35/ ((%\Illvél(rg‘g }?ﬁégi t{rbg

el ectrol ytkordnpeengtnstesborpedeadure %kmﬂﬂ@rdsyé¢rc@@h@$iwes o¢t Exanpl es
15 to 17 S np kni fe
appl i catorﬁogﬁg eﬁ%ﬁgﬁoogﬁéé% our ’togéllsﬁ uce curl n }'&Ehaereby

gi vi ng 5t het BHEKRE Y| 9Fed - &R rd| WidEh @F 2345302 éméc@ﬁldcadb@bg‘éhlﬁaﬁer
capaci tor s3@b rfwfaRALhd® bééh Quré&céh&@@f@&%imtyaﬁ@;p@ﬁdwéféength of

each of the resultlng sollqégolyner el ectrol ytes ( were nmeasured by

the same Mef®dRHsLH g The 19legbrelyte cempesibhontfer

roomt errpeé]?éd:ltfiét@é@ol)é ldges atash@PDtyreIwa el £6HIDéAt Be RSN i BH@l | Yy
eval uat ed

S f1 t ke 1
Mor eover , é%%pégl? aﬁ%ﬁyﬁé?eé?ﬁ%QQ%ﬁ§g ta¥ﬁﬁajﬁ% Véﬁggaig£n§x%g%T%§eﬁere
hel d ato leKprﬁeébkunBemhfnmﬂskmftheehéshwptﬁmelwssebqttawhe@ramlon was
d o]
Soi vent - Conr e it o' FIEA Bng hadBME, Sand nEaEiFLRed® HEORTUPOS
for EIectr¢%r{%@%l%utayé1heG%@%%$h%ﬁd WES/W@W&@U¢% @a%P%@@p@fehO%yOaadlng
0.2 part Qﬁm/r@?ﬁf’%x’i&"@f@sﬂhé’&@'m&‘&éﬁ‘éﬁ@%d& at6n t IHADET uRt 1 PXyRéE Nyl ene

units = 9; crosslinking agent 1) and 0.2 rt of nethoxypolyethglene
gl ycol noreiet+aR r9F atlee ( figfe BRYRIMASNRORAGE swas gabeupstl i ARt ng
agent 13) tThd me@sdéuément 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
Electrolyte 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 allow 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 liquld 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

-6~



30 the polyner derivative from Synthesis Exanple 8, and adding also

azobi si sobutyronitrile. The m xture was then dissolved in a 1 nol/L
solution of tetraethyl amoni umtetrafluoroborate (C2H5) 4NBF4 di ssol ved in
1.4 parts of the nonaqueous sol vent propyl ene carbonate such 35 as to set
the weight ratio of the mxture to the nonaqueous solvent at 1:1, thereby
gi vi ng an étetvabiye epluspilse tweihght oof etlret Liquildubdkydhyplusaplaei t ors.

-57 The r | . £0 siti c [ a [ i cator,
then heat ISP E0RE PR | 0PaREs PEERULE' 0B 1 RELSL IR Er ABES S MT 4
pol ymer el tleer 6Fie) (NBH.m) thegebyl gdving dbebkdeciyedytepgomposd ti®nthe
conducti Vi ¢ yr 28fle bPRTL SaE EHHL DL B et NEapaSHLsR0or SRkAMPOLYIE Lol £7L T Ol yEe

(film were neasure y e sane nethods as Iin Exanples 8 to 14 above. In
additi én, the TRdnFeehpbelnduremReStEions (Wereoragt pesingracfleet?sl yte was
visual |y eyaif@tgppl{fatof! PRShEnéakeasati doole HoBM Ynd€rVviscougubéqui d).
The results are presented In Table 6. EXAMPLE 19 An el ectrol yte conposition
for eIectr?Erg%%blEb?%?BY a9tuhag tioe sSamtd pPepyEres %§3?5E0§$%%Snethod as in
Exanpl e 18(filihs EXxE€Ptelbotribedp@byaelageri vapavetdbronoByrkaeplss Exanple 9
was dissolyed.in a 1 nol/L solution of tetraethyl anmoni um
tetrafluorB%o}Zte (C2H5) 4NBF4 dissolved in 4.2 parts of the nonagqueous
sol vento pr opyl efige caohduat bvitighand bondestrémgteofheachtod thet he m xture

to the no 0 1 | 1 Lt cast
using a d2€§%§PE%?§eé3§£5|?%gyﬁgf ?%%% géfgggatfggﬁﬁygggéﬁ ﬁ%ﬁ?w?%dinduce
curing, theyeblyegsamagnatied;as pbnyhsamplest Botgt &4(abPVig. fHR el ectric

doubl e- | aygaacepss| t ohe  réSmIbEmpePAtGEE Vit t8NEdE DERE 8§61 €89HO1Pheihe
resulting solid ﬁg%%ner el ectrolyte wer e nmeasured by_the sane

. film L
met hods as®TfCERS svastplgualh v%.é¥ﬂa5ﬁ9if?bn?ofﬁepa?56ﬁ4%ﬁﬁperature
state 1f tselsalid: ppiyney eieecbusl yiguvay. vMsHebl¥reveheaseuidS: soft

paSte_llkep§f§$gf éieg£ggi¥tes 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
Nonagqueous Solvent-Containing Electrolyte Composition and
Solid 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 adding
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 nonagqueous 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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30 viscous liquid). The results are presented in Table 6. COVWPARATI VE
EXAMPLE 4 A conplex (electrolyte conposition for electric double- |ayer
capacitors) was prepared by the sane nethod as in 35 Exanples 8 to 14,
except that polyethylene glycol having a weight-average nol ecul ar wei ght
of 2000 (PEG 2000) was used as the polymer. -58 The conductivity and bond
strength of theThesnésmlmﬂngommmpnsﬂmienrMESLmaxktusim@ & afec et hionsfas i n

Exanpl 65 SphiddeaDOVenc nhadHLd! 20 665 PO SIRGEL A AT BydtaL e of the

conpl ex wa I'sta evar e- |1 TKe sol
vi scous | icuaring, Nth@mley givmn@oames@kiabm@lyrwr|¢11e¢ttr<slset<anbf:eths hel d

at 100C f0f § SPUESri @ Pfe PELTERT s r4 0Ss by evaporation was
measured. The results 2‘?%'5 Lo Sraydh oods s 0SS O NPRRATI Ve EXANPLE 5 A

conpl e® (eIectr?#?t%D%@M%%%V%tﬁnam@rb%m@c$F¥%ngﬁkmﬁﬁeth%y%$s%hb%39tors) was
prepar ed byoif@ ?@ETm@Ft@PQcﬁﬁolﬁteE&ﬁﬂﬂhﬁswéiécm&ésuﬁé&eﬂf that same

ose was used as th 15 The conductivity and

hydr oxypr
bond st rerfE%/W%@St% FR sEREPRLes cBnbP ekd \/\gli"éy‘?reas{ﬁ R tioR. s net hods

as in Exanpbémn- ‘Bemlb@ré:éuﬁ@oyﬁaté rbiaddlnélwlldhpom@@tt@n@@tﬁéyyeesmée of
t he conplex VISU

ated soft ast e- id:. L: highly
vi scous I|Yﬁﬁ 107 %3 %%te h élCo ?éx pagtarh |i°£%5th$ %ggthe was hel d
at 100@ fov1§c®mmrk;quhd)theT@erremﬂltmeag@tpt@ssnbgdeﬂmpbabléoﬁ.mas
nmeasured. The results are presented in Table 7. COVWARATI VE EXAMPLE 6 25 A
conplex (electrolyte conposition for electric double- |ayer capacitors) was
prepared bEXAMBLEaL® nethod as in Exanples 8 to 14, except that

cyanoet hyl at ed ﬁﬂdépé&PfQPY£e EéﬁbééQﬁfoﬂﬂﬁoﬂ5@ﬁeé§r189d89$1€eiayéPe
conduct|V|tZ and bond stren e resul tlgg onpl ex_wer e neasured
%Eh°¢na%d

by the san®PRthboks a¢as npﬁgJHﬂ’E)?@sb% the gamg int FrampLaels
room twnpesptepe thatethé pbEymer derivative 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
nonaqueous solvent propylene carbonate such as to set the
weight ratio of the mixture to the nonagqueous 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 (£film)
for electric double-layer capacilitors.

25 The conductivity 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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conpl ex, was visually evaluated (S: soft paste-like solid; L: highly
viscous liquid). Mreover, the conplex obtained in this exanple was held
at 100C for 5 hours, and the percent 35 weight | oss by evaporation was
nmeasured. The results are presented in Table 7. Table 5 (parts by

wei ght ) Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e 891011121314
Syn. Ex. 81 Syn.TH&.&dndu&yiwitx.aid Yool samenddyin.ofExthe Irekmultving tive

Syn. Ex.12 31 S 4 0SS- qggﬁgg' §? .
10. 20. 20. @'%f%%o‘lezﬁ?gn%%% %?})tsrgin e Bettids Gis in, Exgmples % gent
Conduct i vitey 14 above. 1In addition, the room-temperature state of the
(S/cm 4. SOxhh B D00 "I AR O 20X ¢ Tp ARl e S0 BN
strength ( . 820. §6€F§§§§$gé%. 21 .% ’ iKe "
5 highly viscous liquid). Moreover, 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 7.

10 COMPARATIVE EXAMPLE 5
A complex (electrolyte composition for electric double-
layer capacitors) was prepared by the same method as in
Examples 8 to 14, except that hydroxypropyl cellulose was
used as the polymer.

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 cyanoethylated 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 solid; L:
highly viscous liquid). Moreover, the complex obtained in
this example was held at 100°C for 5 hours, and the percent

35 weight loss by evaporation was measured. The results are
presented in Table 7.
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Room t enper at ure st at eSSSSSSS Wi ght
1: Pol yet hyl ene gl ycol

evaporation (% Crosslinker

Crosslinker 2: Methoxypol yet hyl ene gl ycol
Room Tenperature State:

Syn.

Ex. 811 PonnerSyn

5 S:

nononet hacryl ate

Soft pasty solid L: H ghly viscous liquid
Table 6 (parts by wei ght)Exanpl e Exanpl e Exanpl e Exanpl e Exanple 1516171819
Ex.l11 Nonaqueous

ana-at

m oSS

Ex.91 derivatIalebynd Ex. 101 Syn.

1020 9 mnb

o

sol vent
Crossl i nkdg

40. 030. 04406~

(S/cm) 4. 70
(kN m) 1. 09

A4

1442 \plupyl

r 2pr0vy2velightn

fre—caf

gt op

o)
ulrat ©

5 g”T‘HRE I’Exgﬁlel

Lnleoy
LA

LU V.

Thyompie § e,

— A U0

e

5’§§?1F f

P
VL2 T: o

x| 0" 41

'41

( P HE S
MUULLT vty

“EhE o

a1 Q"

U1 70x

0"33. 7

0x10""

Band

trengt

1. 000.

G40.8380. 24

1

Syn.

Ex.10

Polymer
deriva-
tive

Syn.

Ex.11

Syn.

Ex.12

Syn.

Ex.13

Syn.

Ex.14

Cross-
linking

Crosslinker 1

0.

2

0.2

0.3

0.3 0.

agent

Crosslinker 2

0.

2

0.2

0.2

0.3 0.

Conductivity

(S/cm)

4.50x10"

5.90x10™*

4.00x107*

1,60x10™

9.20%10"°

1.80x10™

1.50x10™

Bond strength (kN/m)

0

.82

0.90

1.18

0.66 0.

72

1.21

0.62

Room-temperature state

S

S

S

S S

s

S

Weight loss by
evaporation (%)

<0.

1

<0.1

0.1

<0.1

<0.1

<0.1

<0.1

Crosslinker 1:
Crosslinker 2:

Room~Temperature State:

Polyethylene glycol dimethacrylate

Methoxypolyethylene glycol monomethacrylate

S: Soft pasty solid
L: Highly viscous ligquid
Table 6
(parts by weight) Exéﬂfle Ex§ﬁfle Exiﬁfle Exéﬂfle EXéﬁfle
Syn. Ex.8 1 1
Polymer Syn. Ex.9 1
derivative Syn. Ex.10 1
Syn. Ex.1l1 1
Nonaqueous solvent - _ _ 1.4 4.2
(propylene carbonate)
Crosslinker 1 0.2 0.2
Cross- Crosslinker 2
linking
agent Crosslinker 3 0.17 0.256 0.256
Crosslinker 4 0.03 0.044 0.044
Conductivity (S/cm) 4.70x107* | 1.80x10™* | 1.90x10™* | 1.70x10"* | 3.70x10°?
Bond strength (kN/m) 1.09 1.00 0.61 0.38 0.24
Room-temperature state s S S S S
ggiggza%ggg ?z) <0.1 <0.1 <0.1 - -
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Room t enper at ure st at eSSSSS Wi ght
Crosslinker 1: Polyethylene glycol
Met hoxypol yet hyl ene gl ycol
oxi de- pol yet hyl ene oxi de

Pol yi socyanat e

cel l ul ose Cross-Crosslinker

nononet hacryl ate
copol yneri c pol yol
Room Tenperature State:

osslin

| o0ss by <0.1<0.1<0.1 evaporation (%
di met hacryl ate Crosslinker 2:
Crosslinker 3: Ethylene
5 Crosslinker 4:

S: Soft pasty solid L: Hghly

vi scous | i §uPesidnigrl &:7 Ppaveshiyenei ghyrodngimeghacoypatex. 5Conp. Ex. 6

PEG 20001 Eebm&hbeemypfﬂeghoﬁgbgg&giﬁﬁl@i@“8%?33haﬁ8§°9“e§¥g§§%f%§ agent

conduct|V|Fyoesléﬁ¥9r8§x1oEGQY@@%@O053dgeﬁgéyethml@me<9x¢@e<o 1 Bond

strength (k

Room t enper at ur e st at eSSS™ Wi ght

Met hoxypol gebhyirenpeghyaek Beaeeet hacryl ate

S: Soft pasty solid

L: Highly viscous liquid

BL{R gglEngbl§g§ak bond neasur abl e) neasur abl e) st r engt h)
| oss by evaporation()<0.1<0. 1<0.1

Cr ossl i hkefTeSspplerng: en@oéV}ESPYGPﬁ’@?hacr ylate Crosslinker 2:

10
Table 7
(parts by weilght) Comp, Ex.4 Comp. Ex.5 Comp. Ex.6
PEG 2000 1
Polymer |Hydroxypropyl cellulose 1
Cyanoethylated 1
hydroxypropyl cellulose
Cross- Crosslinker 3 1.5 0.5 0.5
linking
agent Crosslinker 4 1.5 1.5 1.5
Conductivity (S/cm) 1.80x310°¢ 2.00x10"¢ 3.90%x10°*
<0.01° <0.01 0.1
Bond strength (kN/m) {not (not (weak bond
measurable) measurable) strength)
Room-temperature state S S S
Weight loss by evaporation(%) 0.1 <0.1 <0.1
Crosslinker 1: Polyethylene glycol dimethacrylate
Crosslinker 2: Methoxypolyethylene glycol monomethacrylate
Room-Temperature State:
15 S: Soft pasty solid

L: Highly viscous liquid

The electrolyte compositions and solid polymer
electrolytes for electric double-layer capacitors of the
20 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.

25
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Room Tenperature State: 15 S: Soft pasty solid L: H ghly viscous liquid The
el ectrol yte conpositions and solid polyner electrolytes for electric
doubl e-1 ayer capacitors of the 20 invention are endowed with high ionic
conductivity, high tackiness and, particularly in Exanples 8 to 19,

excell ent shape retention. Hence, they are perfectly suited for use as
solid pol yERAMRILEC20 0l ytes (separators) for electric double | ayer

capact L f oo 2o S TIAPLE: 200 0L S50 £ 610 LN UM EORBORd | o anc

by Kansas eEE¢@IQ®$aghku K K ; speC|f|c surface 1860 nR2/g; average
particle size, %@ %&Eﬁ'ééng%Hé&aG§rﬁéﬁa(ﬁ@ﬁ&fééfu g bgakgﬁgﬁg!aCk
e size, mer adde

(average partic conducti ve maf er| in a
wei ght 5r atN@tﬁmg@bt@eI@I Kcarwlsﬁl%oﬁuﬁf@@k) b86Q 8N Hn@YEBALE 10 The

resul ting powges & ke, 16h&mP0é§”€ﬁedfétyétéﬂffaééOﬁiéynhaﬁéffaﬁxaﬁ8|e 8,
and N-net hyl pyrrolidone were mxed 1in a weight ratio (powd

n1xture/pd??ﬁ%@nd%¥¢9ﬁtf@%#FFQ%B?%QFb@¥?o?%ﬂ%ne?oo?mkoai Ebeto forma

pol ari zabl on@hEELvOURa t OF 1A NOwEPEPAEAEA On dSwdhghpotatigabhetivated

el ectrode-formn 05| | on, was to,an_al um num current collector

using a do%?%?oﬁg??ﬁ i?%% ! oft fﬁe% ﬂ%&dméf ®80C for 2 hours to evaporate

of f tive hknethyhgyremhlﬂbmg pbh@eebmigtureg theopaiymebl dertlrativede. 20

cf cot rode TEgn BrERRHELE, EERAREE, §OTRENCREEADI by R TRRGRE FELE g

Net sukagakin ka kwveighecratios(powder mgsuune/golﬁmeragerivatlve/N—
methylpyrrolidone) 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 pm) 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 Syntheslis Example 8, and mixing.

The resulting powder mixture, the binder resin, and N-
methylpyrrolidone as the diluting solvent were mixed in a
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particle size, 16 pm as the large surface area material and carbon bl ack.
(average particle size, 20 nn) as the powdery conductive nmaterial were
added in a weight ratio (activated carbon/carbon black) of 18:2 and m xed.
30 A binder resin was prepared by adding 0.2 part of polyethylene glycol

di et hacryl ate (nunmber of oxyethylene wunits = 9; crosslinking agent 1) and
0.2 part oveighthvaypol (powdermiygtyre/bindenereéatnyNat e (nunber of

oxyet hyl eng Hﬂyiég 91186085 bEKHOM 2960 ZotR & BLArfhaBlol he pol yrer

derivative from esi s 8, "and m xI ng e resulting powder
m xture, t@teprLrade- f@%mhngaﬂ@mnpshﬁiﬁ9+pyrrol|done as the diluting sol vent

were mxed in arhg2p M@éﬁbiabﬁé'@lé@@ﬁgéé fbfﬁﬂﬁglébﬁﬂ6§ifféhn&5b cast
met hyl pyrrol i done) of 20:1:30 to forma go ari zab el ectrode- forn1ng

conposi® i oANteHaD pR3{YPIDYR| GUETeRE rcatle Fﬂ?n@sﬁBﬂpﬁsg??BﬂrmEE E&st 5 onto

an gggmf nuappﬁié&ﬁbrcothéﬁtl@éldsa’fﬁ?86"ﬂoﬁﬁfrzklgbilifs appégapbﬁatﬁtbeg hel d
at or urs.lo.eva e 0 e net pyrroli t her eby
giving a pBﬁﬁrﬁiﬁﬁFé lBYEﬁ?ibégne Otgﬁﬁﬁengﬁﬁlé?e%tp? afgﬁﬁpé Layer

Capaci tor élect®odeparator conposed of a separator substrate (PTFE porous
film inpregnated with a 1 nol/L solution of tetraethyl anmoni um

tetrafl uoroborate ((C2H5) 4NBF4) dissolved 15 in the nonaqueous sol vent
propyl¥ne BAAMBREt22was pl aced between a pair of the polarizable

el ect rodesgobbakagdnbiinl EXAAPLE Efp ae§t9£e§§¥re was applied, giving a
filmtype electric | ayer capacitor he filmty Eg electric

doubl e- | ayer cabaﬁPP@FaFﬂEsCOQE°§BgaPﬁeE fgRaratarufitherrater éRTFE
col I ect or/ perankzabha) ehpeégndetacnatnt ar ipabaynzabhatebacorode/ al um num

C e oo ER DR RbnE e Per e ROPRbEASE, DELTR NREACA e
capacitor. ig5the nonaqueous 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 f£ilm) 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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EXAMPLE 23 El ectric Doubl e-Layer Capacitor (2): A separator conposed of a
separator substrate (PTFE porous film inpregnated with a 1 nol/L solution
of 30 tetraethylammoni umtetrafl uoroborate ((C2H5) 4NBF4) dissolved in the
nonaqueous sol vent propyl ene carbonate was placed between a pair of the
pol ari zabl e el ectrodes obtained in Exanple 21 and pressure was applied,
giving a fecohlegper edmstructiombleas agapabbpaet tbelngscliarged| andype

electric d = r ' current
coIIector/&'j':I gﬁ?ﬁg%ﬁe gﬁﬁgﬁ?é§%%§ggga?§?é8#gg€l§|zab?% e#%%?#g%e/aluninum
current -63ceblectaver ceaBaeLt®Ton, was capabl e of being charged and

di scharged, and functioned effectlvely as an electric double-Iayer
capacitor. 5 EXAMPLE 24 El ectric Doubl e-Layer Capacitor (3): A separator
conposed oRXBMBEEAL4t or substrate (PTFE porous film coated or inpregnated

wth the etgg&fﬁiatgouspgppayéfomaﬁgélebﬁc(3)9 doubl e- | ayer capacitors of
Exanple 10 1 wa | aced, bet ween a pa the polarizable ele

Chtarned Pn Bx i PebSEaLan SonBased Ot LHRPREATOR bhagtEate [RTfEce

el ectri c dpobbes| fyem) capatédoor ﬂmpréghaté&peiehetheleldoubbmyteyer

capacitor LigosPb1hned: Nadlaan- b UL O CHLL Ent coLLecoar/ B! aLhggiLe 19

el ectrode/ s arlza M nunt CUr r én
constrUbtubnwaﬁ nha@hdthetueentaon@tramﬁ tbpapal@rizakle sleohgpdebonded,

was_capabl gneh1hea ngn CBRLAETe 20 afhoghangerl gad hhDeibancgigihachi vely as

an electric Tayer tapact t ectric Double- Layer
Capaci t or Fijm- ﬁYE%pﬁlaFEFiéoﬂﬁBEbﬁ bayerseppaalbPrsubstrate (PTFE porous

film coated orThapffgzﬂatyﬁewel@ctbfceasﬁbieL1&9e§5c59589§bi~l eRukor
electric dOgggfnegyﬁgdngagiagiguﬁfcurrggt collector/polarizable
15 electrode/separator/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.
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 palr of polarizable electrodes to thermally 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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T

8 was pl aced between a pair of the polarizable electrodes obtained in
Exanpl e 21 and pressure was applied, following which the assenbly was held
at 100C for 1 hour. This caused the conposition of Exanple 8 disposed
between the 30 pair of polarizable electrodes to thermally polynerize and
forma filmtype electric double-layer capacitor. The filmtype electric
doubl e- Iayeapahbacbfobeihgschabgadneddhdmsahangedtnandcﬁnnemuoned

col lector/ BeEaEL2obLE o€l 6! LodELELEChORbYLE1LoERALAROLLRY! a1 [ zabl e 35

el ectrode/ a un1nun1c rent or cons ruc t he el ectrodes
and separator were strongly bonded, was capabl e of belng charged and

di schar gedgxamer fupgti oned effectively as an electric double-1layer
capacitor. _EXAMPLE 26 5_El ectric_Doubl e-Layer Capacitor (5): A separator
conposed oFL1§CctEigr Beublerhaves: 6aPagEEoTpbBdas filn) coated or inpregnat ed

with the electrpl yé@aré@ﬁ?O@bﬁ:p@QeaOf)fehesépa_@aéeybbﬁbbefstec%PQPEtOrS of
Exanple 18 was %gfaf betme air of the polarizable el ectrodes 10

obt ai ned i ROERYfp Sﬂﬁtﬁ eggu @Pﬁﬁgnéﬁﬁﬂl@chthFoﬁﬂﬁStrﬂHY$ﬁ t he
assenbl y wasmpekiltabnl66€ éméc&rﬂeudouﬁmésla?éﬂseéphbﬂtﬁﬁﬁpéilEkaﬂpQE

Exanpl e 18 th b t

thor a1y Bl JRer PURORRADeFaPRR o PRAF DG kP cBOLRELABRNFcoLaFEFoB8Faci t or
15 Theld i | abtapred| £ot EkampbebP - ha@epreaparetwastbpplleﬂtafo&dohadgan

al um num cyhi At +he! LECLADIPOLEL! £BPRCar ChB6! EOFBECT bRl Y! Bny

(separator)/polarizable ectrode Um num current - col ['ect of construction
in which PﬂBséﬂeEP?oﬁ@@PQﬁHtéébaﬁﬁtExaméi@ 58r dhgrgspdnbeliveansthe capabl e

of being CbaiﬂedfapdldtﬁﬁQBiQeéleéﬁﬂoaHBCEb0ﬂ§érm§ii§cﬁb! ¥rdgealn@l ectric

doubl e-| ayer capa XAVPLE 27 Electric_Doubl e-La acitor (6 25
Thg eIect¥g?§?egcgﬁ%BsF¥PﬁneiﬁPtEF%c@?PelﬁoﬁﬁY%rl898F¥158Eag|tors o§ )

Exanpl & 1 was pracedilm-gaypéi gmécemesaoanléhmayaurEapacﬁztothehﬁel ari zabl e
electrode BpRdveed hOaFXA"RlEnRum BURLOSE BYPLLEBR)E.ELETLARYE O the
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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stacked. on top thereof, and pressure was applied such as to 30 nmake the gap
bet ween the two pol ari zable el ectrodes 25 pm thereby formng a fil mtype
el ectric doubl e-layer capacitor. The filmtype electric double-Iayer

capaci tor thus obtained had an al um num current collector/polarizable

el ectrode/solid polymer electrolyte |ayer/polarizable 35 el ectrode/al um num
current coffpable ebnbeingtchargedwindhdistharged: randsfundtiepadat or were

strongly Qf‘f'??tﬁ@fycé@a@ﬁeefé PPiEgdGQ%%eﬂa g 95@5@%8@9’ and

functioned ectively as an ectrlc ayer apacitor. EXAVPLE 28 5
El ectric Doubl e-Layer Capacitor (7): The electrolyte conposition for
el ectric degiohiprkaygr capacitors of Exanple 8 was placed in a slight

excess on rface of the polarizable el ectrode produced in Exanple 21,
anot her’ po%g??Eﬁ ¢ Penklerbagehi CapRCLLAE EBiétruction was 10 stacked on

toF thergff Fr?ﬁéUﬁBeMﬂﬁon@éié@hp@ﬁhtﬁﬁntﬂofﬁkﬂectﬁﬂcgaeubmﬁwmayﬁthg ;mo

and the asse was. hel d at about or

D hour ro Sepagftofsren Exbibie 4 et pRE3ERIM, 8751 L5hE Bhehefohn dtBFos oy

15 bet weensuhfapai of ofth@obatazhhéklel etéctrdedet profecedl iy Erpampier2ze and
forma sol bl paby 61 ELPELOPLYLPCLEYERe, oENEREDKLALVEBEs BebbLILY RES
e-Ta of .. e ouble-Tayer

el ectric dou capaci Mty ectrlc
capaci%r $h@@ke@b@a|h@n hhﬁr@@falBn¢ﬁaur@uW@én@Ppbieécsuchpgsatbzmbke 20

el ectrode/ ggéi ?aﬁ%é!ﬂ%éeﬁ' @ﬁérQ&b!tEoié&‘fééﬂ?é%léé@l:@de@' g6t ppdeqghum num

current col]lector construction in which the el ectrodes and separator were

strongly bbR@egSsqmERl Yc%ﬁ%bm%lgfaBe@h@“Ehé?%eﬁ A8 4i BenEr eqgethngt

functlonedcugiﬁgctlvely as an electric doubl e-1ayer capacitor. 25 EXAVPLE
te co osi.tion for

29 Electric Dou 8)..The electr
el ectric doubl e* é@e? u%%éa ?o?geﬁﬁré&Xﬁﬁlﬁngoﬁég éPaGéﬁ A4 sl ght
excesslson Bétvaenstihéapaiofof hpopatihzabkiél eleterbdedetpr bHarmdlily Exanpl e
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 electrode 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 um,
and the assembly was held at about 100°C for 1 hour to
35 effect curing.
This caused the electrolyte composition disposed
between the pair of polarizable electrodes to thermally
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21, anot her pol arizable el ectrode of the sanme construction was stacked on
top thereof, pressure was applied such as to nake the gap between the two
pol ari zabl e el ectrodes 25 pm and the assenbly was held at about 100C for
1 hour to 35 effect curing. This caused the electrolyte conposition

di sposed between the pair of polarizable electrodes to thermally -66

pol ymer i zepahyménize sasd| formod yseli¢| peiyneyteléayrolyte hbayay, gi ving a

filmt I ty, I
oubl o | ayIEERSE Cof oty P AYER EFRECH QhenfEad b R VAT SfbALFror.
coIIector/polarTh@bftimftmm@cel©@br$©Id@u@b¢yh®weeleama@iy@e thus

| ayer/ pol aél}) ﬁé&’C%ﬁ Othﬂrﬁ:[ﬁ'ﬁﬂ\“é‘&}fé&'if e@élf@ét %861&9%515&'&“ on in

whi ch t he es and separator were stron capabl e of

bei ng éhar@%@cﬁﬁ@dﬂl%%%h@g@@lY%mﬁ @hﬁ%@¥%ﬁ%ﬁe %#Y%%fPQ%@?léébbﬂ electric

doubl e- |aYQIeéﬁﬁﬁ&éﬁéiumfiéﬁ“@hrﬂenfmcéifééf@fYé@n§@£@@§iéhOﬂnfﬁﬁléheCtr'C
doubl e-l ayer capacitors, characterized by primarily con$r|5|n (A a

pol yneric E%ﬁp%ﬁ%ﬂtﬁ%ﬁ?%l%?QQS%B?ﬁ@FﬂQIW%¥%oﬁ5¥°“%%¥t§°% edent 8 fornula
(1) ~CH2 G:hpéﬂiefdslf eréiz\ﬂi@r@h@r@emaﬁdnaﬂbemw@eat &ﬂ%fuﬁ@tiﬁﬂddhgw (r)lg an
aver age ee, of polyneriz Ln L conmpound 10 sone
or all of ?ﬁ ﬂEﬁY%ﬁ ﬁr%%pg PYﬂ% g%??g?né?yﬁ¥c%ﬂg?01ﬁﬂfts are
substituted wi th oxyal kyl ene-contai ni ng groups to an average nol ar
substitution of at least 0.3; and (B) an ion-conductive salt. 15 2. An

el ectrolyte conposition for electric double-layer capacitors,
characterized by primarily conprising: (A) a polyneric conpound containi ng
pol yvi nyl al cohol units of general formula (1) ~CHZ CH (1) n
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OH 20 wherein n is a nunber of at |east 20, and having an average degree
of polynerization of at l|east 20, in which conpound sone or all of the
hydr oxyl groups on the polyvinyl alcohol wunits are substituted with

oxyal kyl ene-contai ning groups to an average nol ar substitution of at |east
0.3; 25 (B) an ion-conductive salt; and (C) a conpound havi ng crosslinkabl e
functi analClgsB{fHs. 3. The el ectrol yte conposition of claim1 or 2 having a
bond strength as determ ned in accordance with JIS K6854 (1994) 30 of at
least 0.1 kNNm 4. A solid polymer electrolyte for electric double-|ayer

capaci t or sl - Hareke@irobute\comrositt tor cfer i et e ke tdoubler 1avey mer
network sldusadi€otd), V@E}h&fhé@é%@rbf@fﬂﬁaﬁl* F@omlppiyﬁﬁggglc conpound (A)

are intertw ned the three di mensi onal wor kK str ure of a pol ymer
obt ai néd by %V\gsli?r&‘? RIEC COMRAIMRA (Y9 tAIRARG R AT HRY E Rl
conductiveuﬁi&é dfﬂgeﬁéraheféfmmﬁbppiyner el ectrol yte of cIa|n14 haV|ng a
bond 1o strength as determ ned in accordance with JI'S K6854 (1994) of at

least 0.1 kNNm 6. A polarizable electrode form ng conposition,
characterized by prinarily_éqgn 5 (A a polngglc conpound

cont ai ni ng pol yvi nyl al coh ofngeneral formula (1) CH2 CH (1) n
OH wherein n is a nunber of at Iea 20, and having an average degree of
pol ynmeri zation of at least 20, in I ch compound 20 sone or all of the

hydr oxyl groups  on the pol yvinyl alcohol wunits are substituted with
oxyal kyl end1eEiRi i Hg frupRet o°of At alR2 sk e? Ol 279 ShBEIRG LRR oAVEF2SR | east
0.3; (D) adégree sfirpelemertratbdberoflat abeast B20 Tonivieh veompdendal . 25

7. A Q%laré&ﬂglgreéfft6€d€ﬁéQﬁ9393x§fn£8§&ﬁéOgn the polyvinyl alcohol
units are substituted with oxyalkylene-containing groups to
an average molar substitution of at least 0.3; and

(B) an ion-conductive salt.

15 2. An electrolyte composition for electric double-layer
capacitors, characterized by primarily comprising:
(A) a polymeric compound containing polyvinyl alcohol
unlts of general formula (1)

—€CH2— CHﬁn— e (1)
b

20 wherein n is a number of at least 20, and having an average
degree of polymerization 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;

25 (B) an ion-conductive salt:; and

(C) a compound having crosslinkable functional groups.

3. The electrolyte composition of claim 1 or 2 having a bond

strength as determined in accordance with JIS K6854 (1994)
30 of at least 0.1 KN/m.
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characterized by primarily conprising: (A) a polyneric conpound cont ai ni ng

pol yvinyl alcohol units of general formula (1) -{-CHZ CH (1) n CH 30

wherein n is a nunber of at |east 20, and havi ng an average degree of

pol ynmeri zation of at |east 20, in which conpound sone or all of the

hydr oxyl groups on the polyvinyl alcohol wunits are substituted with

oxyal kyl ené. chnsal hd ngoyymepselectBolytavEongelevtnic sdbgblevlaparof at

| east 0. 3; o] j | 4 e_f i , ) a

| arge surtSeRhgPegPar URd: RBKLER R 67 hAVRIL Pa UBEL: SHELEHLREPRAL 1A]

pol ar i zabl rodymer r peltwopk néhyuectupesini vhich moheembar ochdingieh bhe a bond

strength ago s,ffbn@mp?uﬁac%ﬁaafé iméfgdi&!fﬁéééh(ﬁﬁgélghfé at least 0.1
e e y gt 1

KNNm 9. A 5; ari zabl e ‘el ectrode produced coatin e ! o ari zabl e
el ect r Sde- AFOPERAYCRBAPRSEYPBR BETrafAlUBReObf2 BPAYRRT soPbadne@dtBYa current

col l ector. c2@ssPMnkiRGt theé E6MPbenbayey, CaRactbRtatRING| th8Jignpai r of
pol ari zabl e e ec%rodes xttggf separ ator di sposed 20 therebetween,
rr

char act er i S83PA R 52 of polarizable electrodes are polarizable
el ectrodes according to claim9 and the separator is conposed of a

Separator gubsira j e LLh an.ionzc tive_salt-containing
sol ution. 35 i&é %ﬁl% 2@%??@3%0%%¥%£¥%§%Fec%ﬁa@?ggﬁ éoﬁ%YfE?na gpﬂgir of
pol ar i abl etezérgthodesdeteminegdpinadccoddapcs edith heI8bk6884Nn(1994)
characterigedsinithat phe Rﬁyﬁ of polarizable electrodes are polarizable

3 .
el ectrodes accorélng toclaim9 and the separator is conposed of a
separator substrate 30 coated or inpregnated with the electrolyte

conpositiop, fRrpodarebg6iei 6186Hbb&eL pYAN1RGPEEMPOEIRioRl @I M1 OF 2. 12. An
electric double-lag aci t or cgé r|S|n%%$%8alr of pofarlzable

er
el ect r odesCRATACKS %bﬁ&a ¥r PHLLPb 3gmp @f ween, characterized in that
the paix of pol én)zabpelymeric compound containing polyvinyl alcohol

units of general formula (1)
—€CH2—— (|3H+ (1)
n
OH

wherein n is a number of at least 20, and having an average
degree of polymerization of at least 20, in which compound
20 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 materlal; and

(E) a conductive material.

25

7. A polarizable electrode-forming composition,

characterized by primarily comprising:

(A) a polymeric compound containing polyvinyl alcohol
units of general formula (1)
—€-CH2— (|:H+ (1)
n
OH

30
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el ectrodes are pol arizable el ectrodes according to claim9 and the
separator is a solid polyner electrolyte |layer -70 conposed of the

el ectrolyte conposition for electric double- |ayer capacitors of claiml.
13. An electric doubl e-layer capacitor conprising a pair of 5 polarizable
el ectrodes wth a separator disposed therebetween, characterized in that
the pair ovhevédninabsea rumberodEsatriepstazfzadhéd bavingodrsaveragdi ng to

Go o1 oy 0L SERBRIAEE P16 UF i XERE: PhEE! 49 WhchoComBbi' |
some or all of the hydroxyl groups on the polyvinyl alcohol
units are substituted with oxyalkylene-containing groups to

5 an average molar substitution of at least 0.3;
(C) a compound having crosslinkable functional groups;
(D) a large surface area material; and

(E) a conductive material.

10 8. The polarizable electrode-forming composition of claim 6
or 7 which has a bond strength as determined in accordance
with JIS K6854 (1994) of at least 0.1 kN/m.

9. A polarizable electrode produced by coating the
15 polarizable electrode-forming composition of any one of
claims 6 to 8 onto a current collector.

10. An electric double-layer capacitor comprising a pair of
polarizable electrodes with a separator disposed

20 therebetween, characterized in that the pair of polarizable
electrodes are polarizable electrodes according to claim 9
and the separator is composed of a separator substrate
impregnated with an ion-conductive salt-containing solution.

25 11. 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 polarizable electrodes according to claim 9
and the separator 1s composed of a separator substrate

30 coated or impregnated with the electrolyte composition for
an electric double-layer capacitor of claim 1 or 2.

12. An electric double-layer capacitor comprising a pair of
polarizable electrodes with a separator disposed

35 therebetween, characterized in that the pair of polarizable
electrodes are polarizable electrodes according to claim 9
and the separator is a solid polymer electrolyte layer
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10

composed of the electrolyte composition for électric double-
layer capacitors of claim 1.

13. 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 polarizable electrodes according to claim 9
and the separator is a solid polymer electrolyte for
electric double-layer capacitors according to claim 4 or 5.
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