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Pol ari zabl e El ectrode-Form ng Conposition, Pol ari zabl e El ectrode, and

El ectric Doubl e-Layer Capacitors BACKGROUND OF THE

| NVENTI ON Techni cal Field The present invention relates to electrolyte

conpositions and solid polynmer electrolytes for electric double-Iayer
capacitors that are highly suitable for use in such applications as backup
power supplies for various types of electronlc EQUIannt The invention
also relates to pol ari zabl e el gairr,gdeoFf PHE 2Pegi ti ons and polarlzable
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Recent rapid advances in portability and cordless features in consuner

el ectroni c devices such as nobil e phones have led to a hei ghtened demand
for electric double-layer capacitors. Because el ectric doubl e-|ayer

capaci tors which use nonaquegdSk@RAMND Up 9k RN Ibioher vol tage and

energy density than those nade using aqueous el ectrolytes, they are viewed
as espé@iaﬂk%ﬁﬁﬂéﬁ#sﬁﬁslﬂnd have been the object of accelerated research

efforts. The present invention relates to electrolyte compositions

and solid polymer electrolytes for electric double-layer
capacitors that are highly suitable for use in such
applications as backup power supplies for various types of
15 electronic equipment. The inventién also relates to
polarizable electrode-forming compositions and polarizable
electrodes, as well as to electric double-layer capacitors
arrived at using the above compositions and components.

20 Background Axrt

Electric double-layer capacitors are currently employed
as backup power supplies for memory in computers. These
capacitors, which make use of the electric double layer that
forms at the interface between an electrode and a liquid

25 electrolyte, have a small size, a large capacitance and a long
cycle life.

Recent rapid advances in portability and cordless
features in consumer electronic devices such as mobile phones
have led to a heightened demand for electric double-layer

30 capacitors. 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.
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Secondary cells have hitherto been used for such applications. However,
el ectric doubl e-layer capacitors have cone into wi despread use as | ower
power consunption by el ectroni ¢ equi pnent, has reduced backup current
requi renents, 5 and because of the longer cycle |ife and broader service
tenperature range of the capacitors thensel ves. Such electric
doubl e-l ayer capacitors have a construction I n which a positive and a
negative el ectrode (pol arizable el ectrodes) are provided on a
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-2- 15 to support the mixture on a current collector such as aluminum
foil.

In this case, a separator lies between the positive and
negative electrodes. The electrodes and the separator are
generally impregnated with an electrolyte solution.

20 However, in such prior-art electric double-layer
capacitors, adhesion and tackiness between the pair of
electrodes and the electrolyte (separator) is low. This has
an especially large impact in film-type electric double-layer
capacitors.

25 That is, film-type electric double-layer capacitors, as
noted above, have a positive electrode/electrolyte
(separator) /negative electrode construction. Unlike
cylindrical capacitors in which the positive
electrode/electrolyte (separator)/negative electrode composite

30 1is coiled and placed in a case, the absence of a coiling
pressure in film-type capacitors means that pressure is 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 bet ween
the positive el ectrode and the negative el ectrode, in addition to
serving as an electrolyte, nust al so have the ability to strongly bond
the positive and negative electrodes. 5 |In other words, it nust have
adhesi on and tacki ness. Exanpl es of binders used in electric
doubl e- | ayer capacitors to support a slurry of carbon material such as
activated carbon on the nmetal current collector include
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reported in iterature are a i NEéSS an adhesi on,
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further imaA@¥eN®8t son-conductive salts to a high concentration. Nor
does the binder itself have a high ionic conductivity.

15 Moreover, these binders are unable to simultaneously satisfy
the requirements for strong adhesion to the current collector,
low dc resistance, and large electrostatic capacitance.

In addition, to lower the interfacial resistance between
the electrodes and the electrolyte (separator), it is

20 desirable for the same polymer used in the electrolyte to
serve also as an electrode binder resin.

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

25 The binder resins and solid polymer electrolytes for
electric double-layer capacitors that have hitherto been
reported in the literature are all lacking in tackiness and
adhesion, as well as other important properties. Hence, a
need has been felt for further improvement.



- 3- , . Di scl osure of the |Invention

The present invention was conceived in |light of the above

ci rcunst ances. One object of the invention is to provide pol yur et hane
pol ymeri c conpounds (binder resins) in which a 5 substituent having a

| arge di pol e nonment has been introduced onto the pol yurethane nol ecul e
to confer a high dielectric constant .and the ability to dissolve ion
conductive salts to a hi gh concentration, which conpounds al so have a
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15 double-layer capacitors, which compositions and electrolytes

are composed primarily of the above polymeric compound and an
ion-conductive salt. Still further objects are to provide
polarizable electrode-forming compositions and polarizable
electrodes having a high adhesion and excellent dielectric

20 properties, which compositions and electrodes are composed

primarily of a polyurethane polymeric compound, a large
surface area material and a conductive material. A vet
further object of the invention is to provide electric double-
layer capacitors composed of the foregoing compositions or

25 components.

In the course of extensive and repeated investigations in
order to achieve these aims, the inventors have made the
following discoveries.

(1) Ion association readily arises in a low-dielectric-

30 constant polymer matrix comprised of an ion-conductive solid
polymer electrolyte containing a high concentration of ion-
conductive salt, resulting in a decline in conductivity due
to ion association.



-4- (2) I'n such cases, introducing onto the polyner a
substltuent having a large dipole nonent so as to increase the polarity
of the matrix di scourages ion association, thereby enhancing ionic
conductivity. 5 (3) Introducing a substltuent having a | arge di pol e nonent
onto a .pol yuret hane conpound dramatically inproves the conmpound' s
adhesi on and t acki ness. Pursuing their investigations even further
based on these findi ngs, the inventors have found al so that
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large dipole moment is coupled to the polyurethane compound
through a NHCOO linkage, have a high dielectric constant, are
able to dissolve ion-conductive salts to a high concentration,
have excellent adhesive properties, enabling them to bond

20 firmly with large surface area materials and conductive
materials, and are capable of achieving an interfacial
impedance comparable with that of electrolyte solutions. The
inventors have additionally discovered that electrolyte
compositions and solid polymeric electrolytes for electric

25 double-layer capacitors which are composed primarily of such
polyurethane polymeric compounds and ion-conductive salts have
a high ionic conductivity and a high tackiness, and thus, in
addition to serving as excellent electrolytes, also have the
ability to firmly bond the electrode electrolyte with the

30 separator. The inventors have also found that polarizable
electrode-forming compositions composed primarily of a
polyurethane polymeric compound, a large surface area material
and a conductive material have a number of desirable
characteristics, including high adhesion and outstanding



characteristics, including high adhesi on and out st andi ng

dielectric properties, and are thus optinmally suited as constituent
materials in electric double-layer capacitors. Accordi ngly, the
present invention provides, firstly, an el ectrolyte conposition for an
el ectric double-layer 5 capacitor, characterized by primarily conprising a
pol yur et hane pol yneric conpound prepared by reacting an excess of an

i socyanat e conpound with a polyol conpound to form a pol yur et hane
conpound antielexdining prioperydesxyandrane bhusmptimaa‘llhomiif@@hp@nd beari ng
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compound  thAdUAHGN bﬁldﬁﬂc@@nkhﬁbagﬁndaahaigﬁ-ééﬁé&?ﬁ\% ex1mterial; and a
conductive materjal. 30 Fourth g t he_inventiaon provides a

pol ari zabl e el e}EEMALY - tﬁ‘ﬁo&&ﬁ@&%? cBEPYHIes DYHETz abl e
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composition and has a bond strength as determlned by a method
in accordance with JIS K6854 (1994) of at least 0.8 kN/m.

Thirdly, the invention provides a polarizable electrode-

20 forming composition characterized by primarily comprising a
polyurethane polymeric compound prepared by reacting an excess
of an isocyanate compound with a polyol compound to form a
polyurethane compound and reacting the hydroxyl group of an
alcohol compound bearing a substituent having a large dipole

25 moment with some or all of the remaining isocyanate groups on
the polyurethane compound, wherein the substituent having a
large dipole moment is coupled to the polyurethane compound
through a NHCOO linkage; a large surface area material; and a
conductive material.

30 Fourthly, the invention provides a polarizable electrode
produced by coating the above polarizable electrode-forming
composition onto a current collector.

Fifthly, the invention provides an electric double-layer
capacitor comprising a pair of polarizable electrodes with a



- 6- , . separator disposed therebetween, characterized in that
t he above-descri bed pol ari zabl e el ectrodes are used as the pair of

pol ari zabl e el ectrodes, and the separator is conposed of a separ at or
substrate inpregnated with an ion-conductive salt- 5 containing solution.
Sixthly, the invention provides an electric double-|ayer capaci tor
conprising a pair of polarizable electrodes with a separ ator di sposed
t her ebet ween, characterized in that the above-descri bed pol ari zabl e
el ect r odes separatert disphee@athenébdOveqrol aphardsiterdlzed: dodsbatantiet he
separator | i : t C d.Qr +i af,ed
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e

coupled to t ol_yur et hane conpound t hrou a NHCOO. Il i nkage;
ionPconductive 5&p¥§eventhly, Ege Ihvention préUl 1

15 layer capacitor comprising a pair of polarizable electrodes

a an
ides an electri douBQe-

with a separator disposed therebhetween, characterized in that
the above-described polarizable electrodes are used as the
pair of polarizable electrodes, and the separator is composed
of the above-described solid polymer electrolyte for an

20 electric double-layer capacitor.

Best Mode for Carrying Out the Invention
The invention is described more fully below.

The inventive electrolyte composition for an electric

25 double-layer capacitor is composed primarily of a polyurethane
polymeric compound prepared by reacting an excess of an
isocyanate compound with a polyol compound to form a
polyurethane compound and reacting the hydroxyl group of an
alcohol compound bearing a substituent having a large dipole

30 moment with some or all of the remaining isocyanate groups on
the polyurethane compound, wherein the substituent having a
large dipole moment is coupled to the polyurethane compound
through a NHCOO linkage; and an ion-conductive salt.



-7- . . The pol yur et hane pol yneric conmpound is prepared by

reacting (A) an isocyanate conpound, (B) a pol yol conpound and (O an
al cohol conpound bearing at |east one hydroxyl group and at | east one
substituent having a | arge dipole nonent. 5 The i socyanat e conpound
serving as conponent A may be an alicyclic isocyanate, aliphatic

| socyanate or aromatic | socyanate, so |long as the nol ecul e has at | east
t wo i socyanate groups. Illlustrative exanples of the isocyanate

conpound i ncl ud@heeplyaretthphenpblyinesie yeompaind/ls) prepaned Yuyer i c

t hyl di 3 il : | , n | te
(TD ), TysTRabing, (23S I8bRyaREtY Eahiolid) (B) 3 sRiASCE: CofocTiiy AR
hexanet hy| di€d @ni sdephaat sompounditbeariag yakrkeatiti auey diydrexyiDigroup
hydrogenat gghaxytyh@agt one?ghﬁgf%‘@@?ﬂf”hm rﬁ"lﬁ@ﬂeﬁidi QA% R neND! ) |

bi phenyl ene 15 diisocyana triisopropyl 'l socyanate (TIDl),
di phenyP et her dhesdspsapate: spmBewRed gseEGEYR MR €qQUpODEpt A maysHshefone

) ORI shobrihesr eiaphon atenscd oM D0,
et ramet hyl x en i i socyanat e , , 2, 4-trine X
diisocyanaﬁé% ﬁﬂBﬁ?: f?lgzngoasdﬁ?%d&?%ﬁ%ﬂ%%&ﬁﬁ%éﬁé]FBEF)F§ﬁbrbornane
?i i so;:yanau‘xso@ﬁﬂh):e grougsg- Ztﬁiﬁstﬁ@whvaé'\aémm%éﬁ) lolf &h?g q@oﬂy%hatt@but ane
oCDl ), an 2.4-.a strioet X en | yanat e
(v ). " Compeufial e 888 BatnyichedTindyt Tt (T o e
t her eofto 2Ppolymeritl methyienediphemyl edidodyengie \golymerdien¥DIgr,vi ng as
conponent i e | o] ( ly.et hyl | ycol
polypropylgﬁgggk§goﬂgg%¥ %2%589k§§% ipﬁ%ﬁ%ﬂ%ﬁé?ﬁﬁ%éﬁéﬂy%% (égh I'yrer) ,
et hyl ene ghydsogenagefr spjviene giitepcyanste, hexamginydeseydidsiocyanate
2 2 dimot g L4 AiaiabaEPa L Shoctamate) KXIPETY AR onabed TSR ol
- - - C ,
1’4_ et %iisbcyggg g?engghthyleneléii oéggia g/(NUI), ip%%nylen% y
15 diisocyanate, 2,4,6-triisopropylphenyl diisocyanate (TIDI),
diphenyl ether diisocyanate, tolidine diisocyanate (TODI),
isophorone diisocyanate (IPDI), 4,4'-dicyclohexylmethane
diisocyanate (HMDI), tetramethylxylylene diisocyanate (TMXDI),
2,2,4-trimethylhexamethylene diisocyanate (TMHDI), 1,12-

20 diisocyanatododecane (DDI), norbornane diisocyanate (NBDI),

2,4-bis(8-isocyanatooctyl) -1, 3-dioctylcyclobutane (OCDI), and
2,2,4- and 2,4,4-trimethylhexamethylene diisocyanate (TMDI).
These may be used alone or as combinations of two or more
thereof.

25 Illustrative examples of the polyol compound serving as
component B include polymeric polyols {(e.g., polyethylene
glycol, polypropylene glycol, ethylene glycol-propylene glycol
copolymer), ethylene glycol, 1,2-propylene glycol, 1,3-
propylene glycol, 1,3-butanediol, 1,4-butanediol, 1,5-

30 pentanediol, 1,6-hexanediol, 2,2-dimethyl-1,3-propanediol,
diethylene glycol, dipropylene glycol, 1,4-

cyclohexanedimethanol, 1,4-bis(f-hydroxy)benzene, p-
xylylenediol, phenyldiethanolamine, methyldiethanolamine and



cycl ohexanedi net hanol, 1,4-bis ([err]-hydroxy)benzene, p- xyl yl enedi ol ,
phenyl di et hanol am ne, net hyl di et hanol am ne and

- 8- 3, 9- bi s(2- hydroxy-1, 1-di net hyl ) -2, 4, 8, 10-

t et raoxaspi ro[ 5, 5] undecane. O these polyol conpounds, suitable
exanpl es of pol yfunctional polyols include trifunctional polyethylene
5 glycol, trifunctional polypropylene glycol, trifunctional (et hyl ene
gl ycol - propyl ene gl ycol) random copol yners, di functional polyethyl ene

gl ycol , di f3yschis(2-hydrpryeopyl edtmethyl) yZzo4, sy -di f uncti onal (et hyl ene

gl ycol - propyl I I m copol ynmers. Pol yfunctional polyols
havi ng a 1%%t?§§%%F§§§PﬁPy58F£§$g§n%r nore can al so be used. If a
pol yneri ¢ pol yolOfi $hesedpadyodnpompoundss , i $wivablghtexamplesv @fage nol ecul ar

i gh M), A 0 0 . Ly f 500
o1 G (WS i 0B 208 S 30 RO Sl o
havi ng oo B¥eol.atrdfupetinnalvpeiyproryene glyadlghttoifunctienailhe
physical  (ethiylepe! b?&c@i-bhﬁ%{rféﬂétéﬁﬂc&ﬂ YRR o gARmRpad, whereas a

wei ght - aver.age nol ecul ar melg that 1s too |arge has™a high Vi scosity
and wil | aldl&%iﬁ’ﬁﬁé RakgrtRgleme rgLypel, difunctiopgd ROLYREOPY1EBEY O

Ihas ? <2:8(r)}t llycofl Q@PyﬁiglnheﬁﬁoﬂiﬂlCl?étﬂ?lg%%@l?&ﬁi-ﬁu‘ﬁ”ﬂﬂ%r#é gllgr;é:fﬂ')?b: gagt
eas nor.e rerera a | easlt . even nore rereranply a
500 and maemaon oopeiEReYs, POlEEERCkinak RPN ETIOEE of

pol yet hyl efenctiogh}dbly ofi 4s Seyr|mewes d¢de #lBd ide/ wfed.he pol yuret hane
pol ynmeri c conpoygpd _t | e lon-£0 lve salts. 25 N the .
practice of t he'ilgn\a/le ??gﬁég{i‘%epg‘gg?/g %%Iu‘;fl% das %cog"%ﬁéll?r%s Brfay}tgewﬁggat
singly or ayezegki maileondanfwehphbr (Mw) eis prefesraddly fHom 290 db a I

di functi ongl YOl | ' | rddai NG p ' SO
possi bl e. %?éla%bii ﬁoa:raa??%?%?%ifnﬁ&rﬁ (I}-i’ ?%n%?i%’ndgd{pawﬁ tsg: ? %é@%rhﬁl@
trifuncti of&PMpdi-P8P tR FwPE0. A polymeric polyol having too small a

15 welght-average molecular weight may lower the physical

properties of the resulting polyurethane compound, whereas a
weight-average molecular weight that is too large has a high
viscosity and will at times make handling difficult.

The polymeric polyol has a content of polyethylene glycol

20 (EO) units which is preferably at least 20%, more preferably
at least 30%, even more preferably at least 50%, and most
preferably at least 80%. Too low a content of polyethylene
glycol units may lower the ability of the polyurethane
polymeric compound to dissolve ion-conductive salts.

25 In the practice of the invention, the above polyol
compounds may be used singly or as combinations of two or more
thereof. The use of a difunctional polyol in combination with
a trifunctional polyol is also possible. The mixing ratio of
the difunctional polyol to the trifunctional polyol in this

30 case is preferably 1:25 by weight, although this depends also
on the molecular weight of the mixture.

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



30 case is. preferably 1:25 by weight, although this depends al so on

t he nol ecul ar wei ght of the m xture. I f necessary, use can al so be
made of a nonohydric al cohol . Exanpl es of suitabl e nonohydric al cohols
i ncl ude met hanol , et hanol, butanol, ethylene glycol nonoethyl ether

and di et hyl ene gl ycol nonoethyl ether. Additional exenplary al cohol s

I ncl ude pol yet hyl ene gl ycol nonoethyl ether, ~ pol ypropyl ene glycol
nonoet hyl et her and et hyl ene gl ycol - propyl ene gl ycol copol yner

monoet hyl enkrdisithylens Igivesilhponobtbyleehiér subbdditiomal sxempdagryd of
I hyl v | - I
O yool | CTELSOHER inoludt® pOTyBRkyEHAL VtEB01 HofodpEREAET, BTOPY <00

gl ycol copol yrner. onen A and B, an
al cohol palaprapyl epen gliywglamonpbethyleather t and éthykent @lwecadonent is

10 also re e h ' f
I nventi on. Brspylend %}a?ié?ih's ,ogilyr?ie g?::t @gﬁstggisly?géﬂg?]gct ric oétjlﬁye}rleat;l/%?
capaci t 6r s,°%F thiek subgtidntiendaty onei e8d of tPelyethwlgne glycol,

di el ectri c-pomfirstyIenley HAkcsat birX eRAY18fe agiNabL 1 PFopyferfe tuddive net al

salt concentratjon, leading to a decline in conductivity due to ion
associ at i orP°HHtTduci ng a substituent having a large dipole nonent to
enhance t he Inolaidiiti onf tioh@abo®er csmpafiehbe Bfdex B OfarflisfcHoagi ng i on

associatio Lnpr.ovi ng _conductivity.. Mreover 0 i.nvestigati,ons by
t he invent3¥§&£§#gpﬁé gﬁgnghg §HBSEFgPﬁB£ %1tﬁi§§€ﬁﬁﬁfléiﬁﬁ%eiWQWﬁﬁi dse of
pol yur épharelssporpeaatesi to formt theéupohgune thidmse i pelymeriay icupnpounak gf di pol e
nonent grf*ﬂﬁé/inve'ﬁﬂ@hqves t he adhesi on and tacki ness of the pol yurethane
conpound. t 1s thus neaningful to introduce onto the 25 pol yurethane a
substituent haviThpta isar da @ilgstEodwpheat for electriqrudtieaveri s end, an

al cohol cormi ¥, NendtkskBaihtion PEEANYH! XVde I PUhANG Aloy-east one
substi tuent_havin ol e nmonent” shoul d be reacted wth the
isocyanateqﬁﬁhﬁﬁu

a |large di [ |
Jg-con%tant BERIMPPEsMBFTiv Ay A Mg d®es bearing at
| east ame Ifbnduiriweyimegudupadmndcahcentsatote, sldadidg ey haddilgne liar ge
di pol e nnnqg{ 'Rﬁrqqg It phat i nohydrig.al cohpls of 1 to 10 car bons,
and prefera yd ) Yi&#’%o%é; igﬁﬁa%;%%é?f%o% Cgﬁyfrso&uc1ng a

substituent having a large dipole moment to enhance the

polarity of the matrix has the effect of discouraging ion

(@]

association, thereby improving conductivity. Moreover,

20 investigations by the inventors have led to the surprising
discovery that, in the case of polyurethane compounds,
introducing a substituent having a large dipole moment greatly
improves the adhesion and tackiness of the polyurethane
compound. It is thus meaningful to introduce onto the

25 polyurethane a substituent having a large dipole moment.

To achieve this end, an alcohol compound bearing at least
one hydroxyl group and at least one substituent having a large
dipole moment should be reacted with the isocyanate compound.

Examples of the alcohol compounds bearing at least one

30 hydroxyl group and at least one substituent having a large
dipole moment include aliphatic monohydric alcohols of 1 to 10
carbons, and preferably 1 to 5 carbons; and aromatic alcohols
such as phenol, benzyl alcohol and cresol.

-10~



such as phenol, benzyl al cohol and cresol.

- 10- It is advantageous for the substituent having a
| ar ge di pol e noment to be one for which the group nonment when the
substituent is bonded to a phenyl, methyl or ethyl group is preferably
at least 1.0 debye, nore preferably from1l.0 to 5.0 5 debye, and nost
preferably from1l.2 to 4.5 debye. Il1lTustrative exanpl es include

-CCH err], -SCH err], -NHerr], -1, -Br, -d, -F, -COOH, -COCCH err],

- CHO, COCH[errFt 1Ndevaptagdou€mEornth@esubstmﬂuent havdne, aalacgbra; _
bstit t o ti t no) is
cspoct al |y arerr BoRERE, Bo' BaBppPRoF whicl Ui, (U motlhy TRk iR
conpound se&upsigtaent 1Scbnpdﬂéntoca|ph¢mmﬁatﬁ&xhymlmm‘g¢MQﬂ ?E?ufngsl
d r n n n m ne
andam noch S S hE ot BeFeas, o ot boary ay Botsaundy. ron §a0PRaeP "ana

i odophefol ; echY@'bla@ﬁDmQ%uErﬁﬁa?-‘iithCMUhc% x5 4br50rﬁ9@tYI¢anoI

br onopr oparmal1 vtk 0EDBRER ?hestbﬁcm&@r%aioupscn hea i Dg CORPOL ?
chl or ophenol ‘ch Iofocresol fhe Tluoro

chl or oet han obutano
gr oup- bearlﬁg c%ﬁg naSOOCH, 4 (1GHQ o &OCKan ot N&n@nder Flf | ubPopherBreseRt
carboxyl gromse, a nebezalngubstpouess B&lprefdrarae d:oara@k mselri@xybutyrl c

acid the | _agroup-be ounds acet Inapht and N-
acetylethangﬁgﬁﬁkéen?he ﬁFtrgﬁgP%&%P% Qﬁﬁﬁﬁiﬁ¥ erﬁ oet hanol

ni t r ophenol andI&ﬂubyratnvepenamplesnmftﬁhe(amnvhol cﬁmpaundbeétgmgglas g
conmpounds %%Q¥I £Cpan N el A anophenol an
cygﬁobenzyl %% ¢ Eﬁﬂiﬂ&é (ﬁ&ﬁ§¥§ﬁpoundm@%éﬁmggﬁggﬁponent Cin
t he |nventa@ﬁnoethaQOﬂhuErananPb@mﬁnecnﬁthﬂnﬂiammng,ohcemqlbyuangéamanens
have bega %uﬁﬁbbhmbespﬂéﬁalt hen@byifo B éJé% BY @o ?Bgﬁag' pol e

S A G A RS r%wow%;g&;nsygﬁ@pgsgagm' )
bondediso aromokyhagolypbrdfiépP®sindl it NAbmophenol; the chloro group-
bearing compounds chloroethanol, chlorobutanol, chlorophenol
and chlorocresol; the fluoro group-bearing compounds
trifluoroethanol and tetrafluorophenol; the carboxyl group-
bearing compounds salicylic acid and hydroxybutyric acid; the

20 acetyl group-bearing compounds acetylnaphthol and N-
acetylethanolamine; the nitro group-bearing compounds
nitroethanol, nitrophenol and methylnitrophenol; and the cyano
group-bearing compounds ethylene cyanohydrin,
hydroxyacetonitrile, cyanophenol and cyanobenzyl alcohol.

25 The alcohol compound used as component C in the invention
is thus an alcohol on which some of the hydrogen atoms have
been substituted with the above groups having a large dipole
moment, such as cyano. Preferred examples include substituted
alcohols bearing a cyanobenzyl group, a cyanobenzoyl group, or

30 a cyano group bonded to an alkyl group. The most preferred
alcohol is one having a cyanoethyl group (-CH,CH,CN); that is,
ethylene cyanohydrin.

In the present invention, special note should be taken of
the fact that the deliberate introduction of a substituent
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al cohol is one having a cyanoethyl group (-CHerr]CHerr]CN); that is,

et hyl ene cyanohydrin. In the present invention, special note
shoul d be taken of the fact that the deliberate introduction of a
substi t uent ' -11- havi ng
a large dipole moment onto the polyurethane resin results in a higher
resin conductivity than if such a substituent is not introduced. Hence,
the conductivity as wel | as the adhesion and tackiness of the

pol yur et hartm\&rcg)rq)dlm@ealddpodasmdmenbl onto hthne gqub 1l ydre thamst aesdmecessary

f hi f d b [
a?rlggs{egkﬂgﬂklroxy S%é %gggﬂfgégéﬁgﬁékf%fqgﬁ%st?f% haV|ngle:2?ge
di pol e nonesiths thrmearto st n@ﬂ: tihtzoducedl coehce orprairabrndudtioddy as _

| nportant. Jdy4 Sasadc‘hae“ta%%"e%&%nl na' E’{aﬁi{'h #"?f‘”&hé% 3, at, letting

A be the isocyanate conmpaou t he al cohol
conpound commmndq @ret qowgﬂe@nblmyqnmwe@r outhey rﬂiﬂzﬁtdl’% neggssary
substi t uentgh téblﬁéﬁ&x%e tﬁ!ﬂi@%@f%ﬂeﬂé c&ﬁﬁoﬂ@r&@@ ' 180 et comp’fm%érF o)

is in a range of preferably O .4, nore 15 ‘preferably 0.02 t
and nost prR&AFRg @to 1@25tto°Gethdr°Xﬂac$’é%%lP Rpd Rt RRAT e corrponent C

enhances t hntiadfudnt ®aving thairgél dipdié Comeéht Ur THeiddRurith®f this

d d dhe h
b act i ce o AYT EABFERY dREYSHRE T8 %@V; GREFRS0 CmsLATVRR RS BRY o
with the pcﬁqmltlnm’qammnhtBtandet bech that ¢cobettimyowbal the tilsocyanate
St ol o onetddnibdiid, B ThEe 881YHE bofifouna | ifa | € eI oriARA A [ O

on the poly S 1§ I'nportan it
i s advant adearingal Negstt onbehQQUQXYl ogroupR Sangt et dreaﬂiaml{ea—l] Mor e

speci fi cal |éhb§ﬂ3ﬁ:d¥§@ Ru'ﬂ.‘%?xxo ‘iﬁi‘b@egi%ole afohd¥T /i Twe {éﬁroa*?!/hat

| east 1, nore pref era 3, even nore pretferably from1. 01
to 1.25, arfdBnfstC) 1is ﬁ-F’ePeF&BE? pfoRrefemably 10 4l td AmMOTE NCO i ndex

my  1s5f eprdfdrariyleclooneo 0.physhaahost rer@tdraicy  Joxnagy ¢.gaction
Increasing the amount of component C enhances the polarity of

the resin, which in turn raises the conductivity and improves
the adhesive properties.
In the practice of the invention, when the isocyanate
20 compound A is reacted with the polyol compound B and the
alcohol compound C, the stoichiometric ratio between [NCO] on
the isocyanate compound and [OH] on the polyol and alcohol
compounds is important.
That is, it is advantageous for [NCO] to be equal to or
25 greater than [OH]. More specifically, the NCO index, defined
as [NCO]/[OH], is preferably at least 1, more preferably from
1 to 2.3, even more preferably from 1.01 to 1.25, and most
preferably from 1.04 to 1.25. Too small an NCO index may
result in a decline in physical strength and a longer reaction
30 time until curing is achieved. On the other hand, an NCO
index which is too large may result in a loss of
viscoelasticity, giving a cured produdt that is hard and
brittle, in addition to which the remaining isocyanate groups
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30 timg until curing is achieved. On the other hand, an NCO I ndex whi ch
Is too large may result in a | oss of vi scoel asticity, giving a cured
product that is hard and brittle, in addition to which the remaining

| socyanat e groups -12-

may react with noisture in the air, causing deterioration over tinme.
When the isocyanate conpound A, the polyol conpound B, and t he al cohol
conmpound C bearing at | east one hydroxyl group 5 and at |east one

subst i t uenmadia e ta widhgmodspare IHNERE &1F, caud s idRtterdiotiatdion VNt S

of ot her sghh%ple conponents such as ur et hane catal yst and def oaner may
be added if Cessary. IllTustrative, non-limting exanples of the
ur et hane cafiileps tthendlsodganataecompatiydt s, sthd melyhld-colfpound B,

di azabi cycl B2 riethyl amn n

tetranet Kyla%fy aem]a;i(g?)igﬁ'dggé‘gggga{: a+§é¥§s‘/n§t:gc%%ae§a% Pne hycdgr%!gt}h@go(lg g.,

tin oct anoansl @id leialsdt pnei sutistitwent)haning a laxge chipediendement are The
ol ymeric QIR ; kN ' n r X1

Peagting above coﬁpg%gﬁggrx ?@8%#?% ?ﬁeoegépinglégggﬁqgﬁéﬁﬁH§Q§%ﬁg§% as

i ncl udi ng alesdhane gatadysityand: defoamer gaeydereradded cif aecessagihane

catalyst and a dafie@¥Rative, non-1iRiPOhyUSLIMRIEs R WH WrctERuUNd of the
i nvention is repared by the reaction of the hydroxyl groups on the
BRI Loeiy

al cohol 20 Afgamdne oFRERLRT LT SHEh dshel i%ocyanat e groups

remai nitng @idzadipgicielat. Ran¢oeeaneu(PABDD pj Neel dbhy leatina Ginan excess
of the isoqy

conmpound sereﬁl%%gi’%g@%g’ggﬁgﬁég ng_wgslgggg ?‘?%g%'ﬂtiﬁstvg tﬁ?’eﬁﬂ r"f'gst %ng(rjlggolji pol e
nonment bondmpoundshd epgl. y utihhaota®da te naood Rl hhirydutgin: aliN4G0@ Hei )n leage .
Thi s can b%éa%’ﬂ:%ﬁ@%hﬁﬁsl?y the formula bel ow.
The polymeric compound of the invention can be prepared
15 by mixing and reacting above components A to C in the
indicated amounts while including also, if necessary, other
components such as a urethane catalyst and a defoamer.
The polyurethane polymeric compound of the invention is
prepared by the reaction of the hydroxyl groups on the alcohol
20 compound serving as component C with the isocyanate groups
remaining on the polyurethane compound obtained by reacting an
excess of the isocyanate compound serving as component A with
the polyol compound serving as component B. The substituent
having a large dipole moment bonds with the polyurethane
25 compound through a NHCOO linkage. This can be represented by
the formula below.

PU—II\I—-?l?—O—A

In the formula, PU stands for the polyurethane compound, and A
is the alcohol residue bearing a substituent having a large
30 dipole moment.

For example, when the alcohol in component C is ethylene
cyanchydrin, the formula becomes
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[err] . In the formula, PU stands for the pol yurethane conmpound, and A
I's the al cohol residue bearing a substituent having a | arge 30 dipole

nonent . For exanpl e, when the al cohol in conponent Cis ethylene
cyanohydrin, the formula becones - 13-
[err] Because t he pol yuret hane. pol yneric conpound of the

I nvention has a substituent with a |l arge di pole nonent, it possesses a

hi gh dielectric constant, a high tack strength, 5 and the ability to

di ssol ve ion- conduct|v&msaﬂis—up—acnygﬁch concentration, making it highly
sui tabl e as various types of It electrochen1cal material s, such as binder
resins and el ectrol ytedforOel ectric doubl e-layer capacitors.

In addition, the polyurethane pol ymeric conpound of the 10 invention has

the ability t0 @e3gQowe t'n%” ?HEEEhXEe%&i%n%ﬂc co: Jcﬂxﬂf JFEORGRNL rati on.

Mbr eover, because a substlt avin e nonent has been
i nt r oduced iSMmesrtipa ﬂ?élseé‘ulsébs*iltuﬁh'é Yﬂi’é%oﬁ uhfc'ﬂﬁ d?rlmﬂ-q Femeatduditi ve salt

to a high possedeantl ?ati'gﬁndiéiécﬁﬁicré’@ﬂéfé(nﬂ' V2 Hig&f-‘ i @tﬁm ation,
15 and so there is no.decline in ionic conductivit Accor di n%ﬁ/, t he

el ect r oPyt @r@oﬁﬁ’@s|af‘ﬁl€13rtﬁfoft°ef1é§FPF~¥edB%T%°ndu°t-"r Y ialdHhd@ o t he

i nvent i on icﬁ)rlmmd.owl makihy ot nighlypﬂhmmé]am VO ity peamedund
and an ion- 3yct ve .sal.t uctlve salt enpl oyed in

ordi nary 28 TR, e iade. nabth S R Hen i e o1 oy

electrolytes for electric double-layer capac:Ltors.
In addition, the polyurethane polymeric compound of the
10 dinvention has the ability to dissolve ion-conductive salts to
a high concentration. Moreover, because a substituent having
a large dipole moment has been introduced onto the molecule,
the dissolution of an ion-conductive salt to a high
concentration does not readily give rise to ion association,
15 and so there is no decline in ionic conductivity.
Accordingly., the electrolyte composition for electric double-
layer capacitors of the invention is composed primarily of a
polyurethane polymeric compound and an ion-conductive salt.
Any ion-conductive salt employed in ordinary
20 electrochemical devices may be used without particular
limitation. Preferred examples include salts obtained by
combining a quaternary onium cation of the general formula
R'R’R’R'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,’
25 N(CF,80,),”, PF,” or Cl0,.
Illustrative examples include (C,H;),PBF,, (C.H,) PBF,,
(C,H,) PBF,, (CH,,),PBF,, (CH,),CH,PBF,, (C,H;),(Ph-CH,)PBF,
(wherein Ph stands for phenyl), (C,H,),PPF,, (C,H;)PCF,SO,,
(CH;) NBF,, (CH,)NBF,, (CH,;)NBF,, (CH;),NPF,, LiBF, and
30 LiCF;S0,. These may be used alone or as combinations of two or
more thereof.
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limtation. Preferred exanples include salts obtained by conbining a
quaternary onium cation of the general formula
RlerrI]Rerr]Rlerr]Rlerr]Nferr] or Rerr]Rerr]Rerr]Rerr]P[err] (wherein
Rlerr] to R err] are each independently alkyls of 1 to 10 carbons) with
an anion such as BF[err], 25 N(CF[err]SOerr])[err], PF[err], or AdJerr].
[llustrative exanples include (Clerr]Herr]) [err]PBFferr],
(derr]Herr])[err]PBFerr], (derr]Herr])[err]PBFerr],

(Cerr]H err]) [ éirel Rfguartr Jof (tGecdohHoondhriitve | £alerindBide rin the

phenyl ). (G810 PO STERAmes P ey terphf 5 ARl MY co
(d err] H ersygh éfadtBr @s [the( Cyper pE dont prdudthiBrg esalt used and the
(CLerrTH eidddGrd S ehd ot LHhGRELALeLOhbBRLAT T Ian Lididry ) and 50

Li CF[err] SQ err may be u e or as co |nat | ons of two or
nor e t hdr ediowever, the amount of ion-conductive salt used per 100 parts

The amount 16} idipl o A Ho1yRrsthbnbNBbYGREriS éoifpouna AL Grdioably

conposition_of the invention varies according t such factors as

type of iorEXPhduda vie Q09 Paxdsq bynyeight. mowm%aw o 11G Heo
pol yrmeri c ®s0p@HEitts by sRyigmhal,, &ehomrarpréberaﬁpymz:@ﬁ 10EE AT Parnss

salt used per .100.parts e poly ane pol.ynmeric
conpound i Ep | pnd mqls&ylplrgfgaayggogr%rfé %\Q ‘P é”'eplr@fte‘r ably
from 1Qot o Too Eﬂammm-mpmcguwe sddh gmvespaedﬂwbé yldn aconididieori 00

parts by el il P RBYCLABLY e 0T 1048800 PACL St VR -

Toollttlelon con(?uétl\le sa esa dilute’ion con
concent r at if@et Wdac avay IO@St!:Ihte pftharcbnnéctthetynwh@ﬁmls 9% too mu@t t oo

low. On t he.i.éﬁh‘f‘d’nd?ﬁiﬂfvet @artn%%@hoexeéeaeotﬁycabnlw e il Wdipaersal t

often exceeds the ability _of the | ymer matrix to dissolve the
i on- conduct®dFig ke iSspLye ttﬁ‘esépp eondEpbivei B/, leading 1t fpfikion to
t he poligur eldipsa tidny.neric corrpound and the ion-conductive salt, the

nventt ve ¢l ot il M RAROY! S8 ponyh LRSI FdOUbL SRSt € ap0e o7
i on- conductthee idth-swinductive salt, the inventive electrolyte composition
for electric double-layer capacitors may also have added
thereto a solvent capable of dissolving the ion-conductive
20 salt.
Illustrative examples of such solvents include chain
ethers, such as dibutyl ether , 1,2-dimethoxyethane, 1,2-
ethoxymethoxyethane, methyl diglyme, methyl triglyme, methyl
tetraglyme, ethyl glyme, ethyl diglyme, butyl diglyme, and
25 glycol ethers (e.g.. ethyl cellosolve, ethyl carbitol, butyl
cellosolve, butyl carbitol); heterocyclic ethers such as
tetrahydrofuran, 2-methyltetrahydrofuran, 1,3-dioxolane and

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

butyrolactone, y-valerolactone, §-valerolactone, 3-methyl-1,3-
30 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-
dimethylformamide, N-methylacetamide and N-
methylpyrrolidinone), carbonate solvents (e.g., diethyl
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II'lustrative exanples of such solvents include chain et hers, such as

di butyl ether , 1,2-dinethoxyethane, ‘1,2- et hoxynet hoxyet hane, net hyl
diglynme, methyl triglyme, nethyl tetragl yne, ethyl glyne, ethyl

di gl yme, butyl diglyme, and 25 glycol ethers (e.g., ethyl cellosolve, ethyl
carbitol, butyl cell osolve, butyl carbitol); heterocyclic ethers such
as tetrahydrofuran, 2-nmethyltetrahydrofuran, 1,3-dioxolane and

4, 4-di net hyl -1, 3-di oxane; butyrol actones such as [err]- but yr ol act one,

[ear%-vaLemnhﬁmm@ne” hﬁmekhyaleaﬁbenaﬂefheﬁhymnma&hyu1ﬁeﬁﬂbnzmazplidLQdZ gne
an - et hyl on n nmonly u |

el ect rocherh I]t’ﬁ%(l%)ﬁvr ?gg% g&%ﬁ 8th§ﬂgﬁ%\ ﬁ%rk%%li‘?/%% féstérre

N- et hyl f orqerhob@te), ,Nand imddasohydinonensokbyentsretaig .ac dt, Svddmedhy1N-

ey Py T ol i ABRRTat erfRLUCELEv £l ma S Mog stnary op es o

car
pr opyI efie dPHRESe ofetipl eﬁemeaebehereoﬁnd @fytrleeﬁe tha:a:seomét @, and

i m dazol i di Iﬁﬁkﬁﬁ@kibpﬁage’sél@eﬂtngﬁéﬂlas roéﬁ}éﬂékﬁﬁyﬂ ad@ng). These

sol vents may be used singly or as 5 mixtures o or nore thereo O
t hese, the §fReIR1dY Predgrzgbdeous carbonate sol vent such as propylene

carbonate is Thespmrvehrtylar aﬁaéae_dn an amount-BleIﬁQJ 5%1&%66@0% an

anount of r ef er.abl to 90% nd es craII to % by
wei ght, T 9§PSFFa%EYg%¥Bt8 (45 8§|F n for
el ectr i10 ove:lmllil wellgym:r ofaphei emeetréfhyteobbmpmtﬁori (ﬂbnrmleetarlwent may

compound. * dtBIISYRES RRABIEOLES Dimb FaBELIM TP A puor Sk FRDL pav
el ectrol yt ccxanesdisei dhef edhesdver propeubies Itafg‘/elrhe:mtmerthane a

di luting s@oi§lerTRY RRipdsad.t0 | ower the viscosity for thin-film
formation. Préferred conditions for such a sol vent .
In addition, during preparation of the inventive

15 electrolyte composition for electric double-layer capacitors,
a diluting solvent may be used to lower the viscosity for
thin-film formation. Preferred conditions for such a solvent
include, first of all, that it not react with the isocyanate
compound; second, that it dissolve the isocyanate compound and

20 the polyol compound; and third, that it be a relatively low-
boiling solvent having a boiling point not higher than 120°C
Any solvent which satisfies these three conditions may be used
without particular limitation. Examples of solvents suitable
for this purpose include tetrahydrofuran, acetone, methyl

25 ethyl ketone, toluene, 1,4-dioxane and ethylene glycol
dimethyl ether.

In addition to a high bond strength, the electrolyte
composition for electric double-layer capacitors of the
invention also has a high ionic conductivity. For example, if

30 such an electrolyte composition containing from 5 to 1,000
parts by weight of ion-conductive salt per 100 parts by weight
of the polyurethane polymeric compound is cast onto a
stainless steel sheet, and another stainless steel sheet is
stacked on top thereof to give a sandwich construction which
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include, first of all, that it not react with the isocyanate conpound;
second, that it dissolve the isocyanate conpound and 20 the polyol

compound; and third, that it be a relatively | ow boi I i ng sol vent
havi ng a boiling point not higher than 120[err]C Any sol vent which
satisfies these three conditions nmay be used wi t hout particul ar
limtation. Exanples of solvents suitable for this purpose include

tetrahydrof uran, acetone, methyl 25 ethyl ketone, toluene, 1,4-dioxane and
et hyl ene gligcdihen heddnrathPP° 6t fer. 4 hours to |effanh tquming Lhe gurednd

strength, td%ﬁnpiihs%tiroﬁl ¥b8 a hiGAREALE! EOndREt RIS | 4y Htrein@eChy

capacitors of "the I nvention also has a high ionic conductivity. "For
exanpl e, i fcdfpleacicondueltdvtityl measuvepest | i @h atenitaidxlog* fS/em.5 to 1, 000

parts by wei ght of iaon- o%guc Y% alt per 10 ts hy i,ght of the
pol yur et hane pol%ﬁog'l@o 85%5°?¥%ﬁa§?’%®?ﬁﬁt °'P%°rste§i%\% gepRlesheet |
and anosherlagtent dapacitbesl magebe appliedstack athicformotHilvknests usigigve a
sandwi ch ¢ r ' ' . . . 3.16-

e hen heri StneBle Rl e4ipstorming franting) teghrpgue, sk ¥
conposi t i ordiders deiagingomithc andapplicayor asolllet evgneesd deating, dowloax

conduct | Vi ) JIRAYLIRY!,, sBinaBBHE1RY IOk it Rdfiing. ~ The solid
el ectrol yte conposition for electric double- 5 [ayer capacitors may be
applied to a uggkﬁﬁn1ﬁﬁpcﬁﬁ§§§r8%Yﬁ@ compesitiQp t elsatric dempbdem ng

(casting) tRGHY WapatebraSof theOLheen€deh i 1€ prdieriblsPHeataidoat! oom
screen coatlniF?Q ct or bl ad coatrgg, spi n coatlnqlor bar coati ng.

Next, the 558 8&%‘7@ 881 Ei 5ATT BrPefERd r9% Ydthieomrs | MOZFaci t or s
of the i nverdferablypatf enalby 1beatetont arperiod off ey aff Wiotartisq 20[err] C
for a periqg

f .0 7. ho nd | t err]C
for a peri ()egff.(;efCtl cﬁ%iﬂghoﬁlf%reﬁg gg‘@i‘ggf%c?g%ﬁ %W%Igr%%% tg:%\}'&%%[ a solid
pol yner el dsepsirgteor) fofsepectrde)ddublet bayer catndiltonsatdatc gsci t ors
that has 15desiddnRRce.

With its high ionic conductivity, this solid polymer
electrolyte for electric double-layer capacitors fulfills well

the role of an electrolyte. In addition, because it also has
a high bond strength, when placed between a pair of

20 polarizable electrodes, it is able to firmly bond the two
electrodes together.

The solid polymeric electrolyte for electric double-layer
capacitors of the invention have a high bond strength, as
measured based on peel-type bond strength test procedure

25 standards for adhesives in accordance with JIS K6854 (1994),
of preferably at least 0.8 kN/m, more preferably at least 1
kN/m, and most preferably at least 1.5 kN/m.

The invention is also directed at a polarizable
electrode-forming composition which is composed primarily of a

30 polyurethane polymeric compound, a large surface area material
and a conductive material.

The polyurethane polymeric compound used for this purpose
may be the same as the polyurethane polymeric compound in the
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Wth its high ionic conductivity, this solid polyner el ectrolyte for

el ectric double-layer capacitors fulfills well the role of an
electrolyte. In addition, because it also has a high bond strength,
when pl aced between a pair of 20 polarizable electrodes, it is able to
firmy bond the two el ectrodes together. The solid polyneric
el ectrolyte for electric double-Iayer capacitors of the invention have
a high bond strength, as nmeasur ed based on peel -type bond strength test
procedur e Zibqneﬂﬁhsutiﬁeﬁ'eiﬂmmxbagteinomp091ﬂﬂﬂnef¢tté&éﬁtid&ﬁ&ﬁﬁn£&£94),
of preferab %éﬁgﬁ ﬁ%ﬁ% kNNm nore preferably at least 1 kN'm and
nost preferably a eas 5 kKN'm The invention is also directed

at a pol ari zabl élbe l@gﬁctsunf@:cfeomrbagmabapbaltisntmmhs a:(maprhmd

I
Prlratlt g?lr :atl d %a@er;‘f%a con ng%%%r?%?'exge%hgfgegpgflrgﬁ%ﬁefﬂ?%rﬁlhane po yrrerl C
conpound uged g oRoTRi Brefepably at leasthd .000 §dre. aand Heogiol pretetabiy

pol yneric cergpunbdd €S, 000 m?/g, and havin a.vergg Particlelglze
above-descri bed electrolyte conposition for € ectrlc ub

aye
capaci t or s.9f preferabyy, nol; gore,thare3qr wa. nak@respesiakinifxam b £ B%bon

mat eri al hqungza:Sipéyyé‘ditfl%lrsiﬂfac@faﬁdeéﬁr&%i{ag’é @Laﬁicw%iz% ne/g, nore
preferably a nost prefera 1 500 to

3,000 nfer r?‘ﬁfl %cfhﬁ’a\?i r?a'eaﬁefggggﬁgep’é ppgese Lt AMAY B dH not -
nore than 3xchimvd mn aig¢okypiec ﬂahb;tef—layeﬁ tapditor Hariddgna Altam_;& peC| fic

f rticls ' o} | ove respective
f;:}ggge ??dengé&%gﬂ(}%qﬁoggl#a?&%fgbé il eve géﬁ g%%i%f%na%)ubl e- | ayer
capaci tor havi ngreflenrgd exampllest pEssuchclargacsuriace anka nawrials
resi stance.jpcilude activalted %@rﬁéﬁ”ﬁhﬁﬁf&ét?%%? ué%{cfgfsﬁ qrg%éﬁr

mat eri al s i ncl ude activated carbon nmanu eproprlate
treatment process such as steam activation or molten
15 activation to activate a carbon material. Exemplary activated

carbons include those manufactured from coconut shells,

phenols, petroleum coke and polyacenes. Such activated
carbons may be used singly or as combinations of two or more
thereof. Of these, activated carbons derived from phenols,

20 petroleum coke or polyacenes are preferred for achieving a
large electrostatic capacitance.

The amount of the large surface area material included in
the polarizable electrode-forming composition of the invention
is preferably from 1,000 to 2,500 parts by weight, and

25 especially 1,500 to 2,000 parts by weight, per 100 parts by
weight of the polyurethane polymeric compound. The addition
of too much large surface area material may lower the bond
strength of the polarizable electrode-forming composition,
resulting in poor adhesion to current collectors. On the

30 other hand, too little large surface area material may have
the effect of increasing the resistance and lowering the
capacitance of polarizable electrodes produced from the
polarizable electrode-forming composition.

-18-



treatment process such as steam activation or nolten KOH 15 activation to

activate a carbon material. Exenplary activated carbons include those
manuf actured from coconut shells, phenol s, petrol eum coke and

pol yacenes. Such activated carbons may be used singly or as

conmbi nations of two or nore thereof. O these, activated carbons
derived from phenols, 20 petrol eum coke or polyacenes are preferred for
achieving a | arge el ectrostatic capacitance. The amount of the

| arge surface affbe randncalivenvateretal may be rﬁmpoildrﬁabellel gaterial

el ectrode-f f bly from1, 000
Lo 5. 500 prpelS BETBRRELLEng e%%%%%%%%i{ &%bctl‘*ﬁf&%o*%%ni by vei ght

per 100 paﬁF@mﬁfitiOHWE|5%@U§Fr@htv%oﬁﬁim efiigPdideraarbododéghd. The

addition  getSfen! 82aBKShabatgesd b BEGK AT SABEY %\'Fﬂi%kéﬁy n@Weiralihe bond
strength of the polarizabl e €l ectrode-form ng composition, resulting in

poor adﬁesﬂgﬁppét@urPEﬁFfESFPECQE@Eh1?9Itmﬁ¢ It Hdbersyd andoetaldie | ar ge

surface ar gpwiird’ isachmay Ba¥&nium éxEdefdme trdthdiiGine d%iide .t hanyesnst ance
and Iomerln the ﬁ BaCI ance of pol arizabl e el ec rodesdpro%%p%% from
mbinatig

the pol &r 88etYRr oF MPTR NPT &9 May be use ese,
- 18- Ket]en black andTheetpbeetblackptwiiicl arsy Hothanypes bdbl e

mterial  ocardBRRBIRR! 00" FELPOB-E)CCUBE U SULIGINIOl | T or the

conposi tion. i‘ve ex nel u
acetyl ape lﬂoa:@uctmbmntamgkepewdeﬂatis drefepatphy tld, tar 1100 @mal agdaphi t e,

metal lic fb%%f%iaQQQ Eﬁtﬁblhﬁ nm. Powders such as titanium oxide and
ruthenlun1OX|gé of conbi nations of two or_ nore thereof may be

used. Of these, The ametl%noslﬁekd%wé&éwtwlblwum dm &b€ both types
of car lya:rla@i%meaéieee%eérf@m{ 0 @&g@@gﬁm{ tgfC lthes lihSredft ibhe 150

conductive Lot 8 P8R, LooPhstel W eathh®, 100 Wpedldiry 183P8 1Y

15 300 parts by weight, per 100 parts by weight of the
polyurethane polymeric compound. 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

20 obtained from the composition. On the other hand, the
addition of too little conductive material may fail to confer
adegunate conductivity.

In addition to the polyurethane polymeric compound, large

surface area material and conductive material described above,

25 the polarizable electrode-forming composition of the invention
may include also a diluting solvent. Illustrative examples of
suitable diluting solvents include acetonitrile,
tetrahydrofuran, acetone, methyl ethyl ketone, 1,4-dioxane and
ethylene glycol dimethyl ether. Preferably, the diluting

30 solvent is added in an amount of 80 to 150 parts by weight per
100 parts by weight of the overall polarizable electrode-
forming composition.
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The amount of conductive material included in the pol ari zabl e

el ectrode-form ng conposition of the invention is preferably 50 to 500
parts by weight, and especially 100 to 15 300 parts by wei ght, per 100
parts by wei ght of the pol yur et hane pol ynmeric conpound. The presence of
t oo nmuch conductive material in the conposition reduces the proportion
of the large surface area material, which may | ower the el ectrostatic
capaci tance of the polarizable electrode 20 obtained fromthe conposition.
On the other haﬂm@ ﬂhyentioaddeﬁabesoalSQot¢iatpaianizhhid\ﬂieumnadeal may

fail to confar 3,%%%% B ngugfcixgwhe above poldkOfifid U dcft i -

pol yur et hane po IC CO ar ea na erla
conductl\Maﬁﬁﬂmiﬂgapqm@9§ﬂtb@§ ap&oea gsrr@mb Qnﬂkﬁ¢t§ﬂﬂ e electrode form ng

conposi tion of g 'dih‘f%h*toﬁollecﬁéi‘ 19 emafhé Y el vent.
Illustrative exanpl es of sui tabl e ut| vents I ncl ude

acet oni Brj |Adumi numt &nﬁaﬁﬁiéﬁaﬂ-ﬁﬁﬁnﬂﬁ%lztm hj *K/Is‘élt Rhleaspoide metal

1, 4- di oxanen@ifént coafikytere Bbr&@be dbfEth¥ir i -cd¥fsiciPInssildt@nce.
diluting 3 qm(_g_hlvent i s add Ln an anpunt of 80 to 150 arts by wei ght per

100 parts Roil i eFP@"g?%fLXI PAPRNEAISORF Pl IRGI e - of it

conposi ti onreight and low electrica% re51stanc?. d-19- . duced

The invention r [ e als arizahle glectro ch is_produce

by coating he dheSusdell vasTeBEPECRRRCRS £ iy Hifitenas Bekh BHRENL o a

curr entlocoldsea dioil, expandedhmetal;eatsheét eof orinteyudfmertall idede oaf

metal . 5 Al %gdf%%ﬂl' H.L, a¥ Stﬁetof%etgé@héalféﬂgdapl %ﬁ%g e netal
ectors e

current col cause o t hei r osi on re5|s anc Al um num

i s especi althicknesst 8§c80s tonl8@cBinis o¢sp¢@l¢1@madvanmegms DegausH

el ectrical iftesisStedR§eto roll or stack and relatively inexpensive. When
a metal foil is employed as the current collector, it is
15 desirable to use a chemical, electrochemical or physical means
to roughen the surface because this improves the closeness of
contact between the polarizable electrode and the metal
collector and lowers resistance.
The polarizable electrode of the invention may be formed
20 by applying the 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 blade coating, spin coating or bar coating.
The polarizable electrode-forming composition-coated current
25 collector is then held at 60 to 100°C for 1 to 6 hours, giving
the inventive polarizable electrode in a semisolid state.
The resulting polarizable electrode of the invention has
a bond strength, as determined by a method in accordance with
JIS K6854 (1994), of preferably at least 0.8 kN/m, more
30 preferably at least 1 kN/m, and most preferably at least 1.5
kKN/m.
The invention is also directed at an electric double-
layer capacitor comprised of a pair of polarizable electrodes
with a separator disposed therebetween. The polarizable
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The current. collector may be in any suitable form such 10 as a foil,
expanded netal, a sheet of sintered netal fiber or a sheet of foam
netal. A foil-type collector having a t hi ckness of 20 to 100 [err]mis
especi al | y advant ageous because it is easy to roll or stack and

rel atively inexpensive. \Wen a metal foil is enployed as the current
collector, it is 15 desirable to use a chem cal, electrochemcal or

physi cal neans to roughen the surface because this inproves the

cl oseness eflectrodest descirdbedecabove e arsexhldse téieeqtaiadefap@lﬁhréz&btlal

| I h
Covention s SsR a8 bBeoTRTaRF e comac ity pitaf BesP. SRS EBA8s un "
conpositiomh@nmalr prefierabiyeheingl ¢£cthe ;amaiqnnSﬁmuﬂUﬂQMGkness using a
sultabl e oot meAE13UEN Gper B! SLpARALIDOLINL hlf P RISERl kel |, screen

doct or ade ar he

coat i ng, n coating or coatl ng
poIarlzéblénMGQGﬂN@d@apépﬁtﬁg E%nﬁ@@@%¢%ﬁ|QYM&NRFQQR@ﬁ%ﬂS EBSGQPF@@9§r i s

then hel d a&,8 el QQka" ahciaﬁrc&na@c@nmu&aﬁt-%dﬂwnmg g uitavant i ve
pol arizable electrode in a senmsolid state. The resultlngs a

pol ari zabl &8 &EPAEALOET stRetrate iay PR material, gemmandyyused,
det er mi ned éé‘pa&a’f%&h%ﬁbblﬁraﬁéoiﬂaézécﬁi@ doubTH-9df5 &apbibrsaf

preferably at m nDr r abl eas KN m and nost
preferably at |§§§ps%rgt1ve éh‘ 1ﬁ i THES directed
at an &becunoaudeubb&yethylbpgenonw@memtfubxiqqnpamybnmpyiqmm moaffoven
pol ari zabl %a%'ri%‘,r Pd5Fester " hbiwdvas PRIGE£L, défe&ggof‘oqco%erﬁti%,‘“&%%ftThe

pol ari zabl &
el ect r odes péwear.i isbe¢esbdaddafromsadbbend hef prayornffihang iangbisdsal

el ectrodes diphfae Pﬁ&‘&ﬁh' ﬂ@mﬁagﬁééﬁor?ﬁ‘éé he 340 s%é:éﬂ rm&umse ba%@ﬁ pai r

preferably being o he same construction first type of
separator CHECHRLYRdcuPaRern PARST Madenfrem %lﬁj&e]ﬁ% PeReEC Bgdsy
| mpregngt i Fom %emwa%f celiﬂh&&é%@%1&§T1m§0mbd@1nations

zgh;nﬁfgtﬁlTlrg %ol E%g form oEemﬁfPf{§§é¥ Subs strate may be a materia

The ion-conductive salt-containing solution is composed
of an ion-conductive salt.and a solvent capable of dissolving
the salt, which may be of the same type as the ion-conductive

20 salt and the solvent thereof exemplified above in connection
with the 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 from 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 predetermined pressure 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 inventive electrolyte composition for electric double-
layer capacitors described above. The separator substrate
used in this case is as described above.
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separator substrate in electric double-layer capacitors.
Il1lustrative exanpl es of such separator substrates 10 i nclude pol yethyl ene

nonwoven fabric, polypropyl ene nonwoven fabric, polyester nonwoven
fabric, PTFE porous film kraft paper, sheet laid froma blend of rayon
fi bers and si sal fibers, manila henp sheet, glass fiber sheet,

cel | ul ose- based el ectrolytic paper, paper nmade fromrayon fibers, paper

made 15 froma bl end of cellulose and glass fibers, and conbi nati ons
t hereof in the Spe@ifficmllyi| uper cahcke snade of elthEr a GepPeyRAIGEt i ve

sal t-cont ai o] S a
sol vent | caghlres Yy, @0atIngOTRESHivent s f0 SbdALILAY Wonpt t%ﬁe%a?gngagype
as the i on-&airdd @@umesApVeangapﬂ@lg@rs/mtq Héree dfenatahom subgtapdee in
connection or a Wdparat@repeohnebit ﬁycﬂﬂﬁﬁééﬁé@ﬂ&; fiafe Q!d?tﬁ}délqzl%ub.hfét)' ayer

capacitors of the'invention. The ion-conductive salt

has
concentPatFR9¥Q§1Wﬂ%@imoﬁh@oﬁ&HEFﬁgﬁrs%P?sEﬁﬁﬁ%urnﬁﬁggﬁﬁqﬁﬁ%ﬁ1d°ublﬁr

preferably fayan Q;a@abit%ﬁmayl bb. p:35duced b§r f}ﬁl@@ﬂfﬁ adithellf @duanesey

| mpregnatin the se a%ﬁ% substr €% 1.5 1on-conducti ve

sal t - cont ai ween gabajt Pt atdd %ﬁﬁ%&e Y&, BOA 5P R i nvent i ve
pol ari zabl aelectmic‘mst r appdydnd a predetermimedl pressure, dfyen dolddngor m an
electric d capacit ar.. A of r hat
may be useﬁéefaeélsﬁ&n% at %lo c%ggbc %%Iétf\né‘?gér)q?#p%sgecr?atef% %Eelg.g'r gt or
subst r ave wi t h Use tdaa Bdsenbevgaéeeefralgeb-bﬁtmmnam’tcfmrobéilaé@p@ by

doubl e- M tHPRGle gz%ﬁlg‘ﬁé%bﬁggsf-@é’ﬁ-fJﬁeefé‘Mi% HoubiRst b3k
used in thls case I's as descri bed above. i . .
-21- capacitors with gpgelverhl Fgpakie EATSHIINDNS oS- a

separat or condictdee@alt .coghienNgolHent nﬂ@é‘diﬂ&‘ e&re.cé rﬂiﬁﬁo%&ﬂi@oﬂet 'an for
electric da e-la capacitors onto the separa substrat e,

separ at or ﬂﬁﬁﬁ&f@ﬁyﬁygenﬁﬁeﬁhﬁtfﬂ V?HESCTﬁﬁﬁi§9? rﬁﬁqﬁﬁ)%?;ﬁﬂ4&$qhﬁﬂm n the
Separ atisr swiltdt ridiec elécteiodytei compobition for aykectaipaddull erdnyes
produced by, ) AG1E L loE ¢heCtntBfitfon.

A third type of separator that may be used herein is
composed of a solid polymer electrolyte for electric double-
layer capacitors produced by curing the above-described

20 electrolyte composition for electric double-layer capacitors
of the present invention. In this case, the electrolyte
composition for electric double-layer capacitors of the
invention is applied onto the surface of a polarizable
electrode of the invention to a uniform thickness by a

25 suitable means such as roller coating with an applicator roll,
screen coating, doctor blade coating, spin coating or bar
coating, or is cast using a doctor knife applicator.

Another polarizable electrode of the same construction is
placed against this cast side and a pressure is applied to the

30 assembly so as to give it a predetermined thickness, following
which the assembly is held at 60 to 100°C for 1 to 8 hours to
effect curing, thereby forming an electric double-layer
capacitor. Alternative use may be made of a gel-like
separator obtained by mixing the electrolyte composition for
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separators between a pair of the inventive polarizable el ectrodes,
applying a predeterm ned pressure, then hol ding the assenbly at 60 to
100[err]C for 1 to 8 hours to effect curing. 10 Use can al so be nade
of a gel-like separator obtained by m xing the electrolyte conposition
for electric double-Iayer capacitors wth a solvent capabl e of

di ssol ving the ion- conductive salt. The solvent used for this purpose
may be of the sane type as the solvents nentioned above in connection
15 with t heehtcam:ira)lmlmdmm‘t capatbtoes euithcaobmbfemﬂ a;@able of

t . {rd t , M be
eod her el riojsadfr il tHd Fn:ponauctiyb BALES “HE LG R vl dBle T
doubl e- 'Samgwﬁs(ihﬂﬁﬁ mmm&ipneduabdvby curing the above-described 20
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surface of gndPcudriddiae ele%lt%@aﬁégdﬁaﬁinéh@p'f}Y@rh{.d\%hﬁiQré" 8
t hi ckness 5%? 25 sui tabl e nmeans such as roll'er coating with an applicator

roll, COHETh FaPAGAtar BEalike cLAYeRELOR i the RawdarYorlazge
coating, orsurfaastanst m@tardast ahdkohéecon@hcEntOmaterial ser%ﬁ@bh%k

I bl I L1 od t t I t
ast s de SRl of dhenBPohepIer feacbe iy R O e, the o
pr edet ewomi rmkbdﬁrqilytess:on@olslldmnngand subiaméimnasﬁrdﬂt;rdlyﬁeel d at 60 to
100[err] C fﬁ.{ﬁp]azlt o%)h%&s elgctr ceagﬁﬁ.ecfé lve léhé’ielp&%orfnt

electric do ayer capaci ern € nade of a
gel -1ike imé%ﬁatmt @reobltsadnég bhensspavatore b;b@cetemlmee pedmpdgiabilen f or

- 22- electrodes e%?%ﬁ&hpbgﬁﬂbhgnl9¥eﬁcﬁfﬁﬁ§ﬂt5€€?éM&I%H% sol vent

capabl e of di ssol'vi ng the i on-conducti ve sa sol vent nay be the
same as t h®larAabdse #1865Fedes and the pgeparakPh: bhiMAraovedyi PegEMsSsed of
t he poligur efteand nder eyl AAAC @HBOVEFabit bR e( VRN IpIMitsT (1R Jtrdd§eNesi n

for share the same constituents, the interfacial resistance
between the polarizable electrode and the solid polymer
electrolyte can be lowered, making it possible to obtain a
high-quality electric double-layer capacitor having an

20 excellent performance.

An example of a method for manufacturing the electric
double-layer capacitor of the present invention is described
below.

(1) An isocyanate compound A, a polyol compound B, and an
25 alcohol compound C bearing at least one hydroxyl and at least
one substituent with a large dipole moment are mixed and
thoroughly stirred, following which the mixture is degassed
by reducing the pressure, giving a liquid I.
(2) A 1 mol/L solution of tetraethylammonium tetrafluoroborate
30 ((C,H;) /NBF,) in the nonaqueous solvent propylene carbonate is
added to above liquid I such as to give a 1:1 weight ratio of
the polyurethane component to the nonaqueous solvent, and
mixing is carried out, giving a liquid II.
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the pol arizabl e el ectrodes nmeking up the inventive electric

doubl e-l ayer capacitor of the invention, the powlery | arge surface area
material and the conductive material serving as constituents of the

el ectrodes can be firmy bonded. Wien the 10 el ectrol yte conposition and
solid polyner electrolyte (separator) for electric double-Iayer
capacitors of the I nvention are used as the separator between the

pol ari zabl e el ectrodes, a firmbond can be achi eved between the

pol ari zabl d 39 & Povdes miztune e€pactivatedraxhan anskcarben] bliaiek Hinnder

resin and thg Rl (oio'ljsdzp%yfﬁkeﬁl Eﬁ%%ﬂé@é Liqu pg;'{ %ﬁ*hevftﬁﬁ%lt

constituents, the interfaci resistance ari zab
el ectrode anﬁﬂﬂffé oo igudsl yndo the Qp’dderomiyxéumrpbelﬂﬂ\er@’d’lngamhﬂ} it

possible to pbtalferdred t&m&eqﬂa@tw gkegt ﬁp&&ﬂ%ﬁxéa&g ARG tor
havi ng an 20_excel | ent perfornmance. An exanpl e a nethod for
nanufac?urlrEP?Wﬁ?QNQQﬂHQQ§tl°n -doubl e- | ayer capacitor of the present

i nvention i(ss)demer pbadrlzabmel @mectrodélﬁoﬁﬁiﬂéwl&lm%uwsfﬁ oRto
pol yol conpound an 25 und C bear i | east one

an f
hydr oxyl andht? #ﬁﬂ%ﬂpm currgnt §BEEFF BEnP gP?haa.?%ﬁ%EJEh e nonent are
m xed and appliun‘lmxghltmm hedlddatf 8bt owfog Mhelrs hegiwxigiree | s degassed
by reduci ng r I q %f 1 nol/L solution of
t et raet hyl ar#r%ltj&m e ra e%lg\féo ora 5 gegl% Jd%rr‘f Ege‘rr])[err]NBF[err]) in
t he nonaqud@OsA@@W@eﬁnqudpyleme caab©mamm¢ospr impredmedteado iatova | i quid |

such as to é#?é at r
t he nonaquegﬁﬁﬁgo vent, an e’ hﬁieﬁ R théﬂe? d&%J%i givin a%#ﬁ' %fﬁ|
- 23- polarizableselecispdes ﬁbk@gnedoin at4 ) v af ekl eeingm rw%b)rﬂ!l dg)ﬁb

black in a assem]ghtisr FujeeltedBtd pPeBbifE ARd hdRPVax ldotd Gdr i) @
wei ght réﬂdfg, glVl|g %n e %c%ggcpdgﬂblenléégéeéégagiégi' giving what

15 The electric double-layer capacitor of the invention thus
obtained has an aluminum current collector/polarizable
electrode/separator/polarizable electrode/aluminum current
collector construction in which the polarizable electrodes and
the separator are firmly bonded to each other. This capacitor

20 can be charged and discharged, and functions effectively as an
electric double-layer capacitor.

No particular limitation is imposed on the shape of the
electric double-layer capacitor of the invention, although a
film-like capacitor is preferred. One typical capacitor shape

25 that may be used is a cylindrical shape arrived at by winding
a continuous length of separator between a pair of continuous
lengths of electrode to form an element, impregnating the
element with a nonaqueous electrolyte solution, and enclosing
the impregnated element in a cylindrical closed-end case.

30 Another typical capacitor shape that may be used is an
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, then impregnating the element with a nonaqueous
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Is referred-to hereinafter as a "polarizable electrode- 5 formng
conposition.” (4) The pol ari zabl e el ectrode-form ng conposition is cast
onto an alum num current collector using a doctor knife appl icator,
then held at 80[err]C for 2 hours, giving a pol ari zabl e el ectrode in a
sem solid state. 10 (5) Above liquid Il is coated onto or inpregnated into
a separator substrate, which is then placed between the pair of

pol ari zabl e el ectrodes obtained in (4), follow ng which the assenbl y

I S subj ect edaainulyteuselatdone| dndt eBflesind the Inpregndimd wlegientngnan

electric d n r 5 The el ectric doubl e-1ayer
capaci tor O#q{er%éa%er?%a%ﬁ'% Eﬂ ena C88fai ned has an al uni num current

col I ector/ pol ar iThebledectrigl doubddelsrpur aapa¢hoors ioghbihe invention can
el ectrode/ gidigg ergﬁ; rz%'ri:it and h%%' S%%h%%ééi@%r?%dﬂ%ﬁ Jﬁﬁ‘ng{ o each

pol ari zabl e eI ect ator- are
ot her. 7hi SDR%F@é'émgorlizf@.c&Alb@fcwhiggdn@rh@lS dﬂ@,@haﬂgbb-swq (hec tasengn

effectivel y; 3ty ofeladpiicatdeHB e1h8Ye15@RREMdSY -backup powdio
particular limtation is_inmposed on the shape of the eleCtric

doubl e- | ayFIRRI&S 6T &ﬂePﬁEOPFrGeﬁﬁ%ﬂme%Ft%%rﬁ% Persqr}"’}]mqut&}'ﬁacr t or
is preferrethd @wﬁame:&e@ékmﬁ&boaesbaae 2howént sufpl 1xs USE prictedt

cylindrical_shape arrive a_continuous t h of

separ at or @&Rﬁé’g’r?lacﬁ cBﬁ{ll ﬁggﬁE equipment hér?ﬁ sé}deaceﬂ e(ro form an
el enmentip i npriegyes,i mg>9:eltrher withespharwéhls aonewpmEyyss Emyga dypstens

sol ution, eg ed e '

cl osed- end casgbﬁfgsknoteﬁelge%lggﬁg ﬁéagplgélfnré%{)ﬁea##afﬁwﬂ b%eddwl}:;é? %% an
r ect angul arass Hgpdl-dievieldagapolgrasupphiest y st acking a plurality of
rectangular el eqi0ds 1351hae eﬁﬁﬁbﬁ.é¥eaﬂ&dcom]t>af‘§9f\}é Vi Idd es With

separators t her ebet ween to form an el enmen t hen i npregnatin the
el ement Wi tgq:carmmeéaéustrate the invention, and are not intent ed to

el ectrabyt aisdltitthen scopd eheresfNg IhcekaMpEEHAt£IN PLrmntante by a
rect angul arwecilg%sced- end case.

EXAMPLE 1
Electrolyte Composition for Electric Double-Layer Capacitor,

20 and Solid Polymer Electrolyte for Electric Double-Layer
Capacitor:

A mixture was prepared from 6.56 parts of the
trifunctional ethylene glycol-propylene glycol random
copolymer Sannix FA-103 (EO/PO = 8/2; weight-average molecular

25 weight (Mw) = 3282; produced by Sanyo Chemical Industries,
Ltd.}), 0.27 part of the difunctional polyol 1,4-butanediol,
and 1.00 part of ethylene cyanochydrin as the alcohol compound
having a large dipole moment. Next, 3.66 parts of polymeric
MDI (MR-200, produced by NPU) was added to the mixture,

30 stirring and vacuum degassing Were carried out, then 0.02 part
of the catalyst NC-IM (produced by Sankyo Air Products Co.,
Ltd.) and 0.01 part of a defoamer (produced by Bik Chemie
Japan Co., Ltd.) were added, thereby forming a polyurethane
polymeric compound (referred to hereinafter as “liquid I”).
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The el ectric doubl e-1ayer capacitors of the invention can be

m ni aturi zed and have a high capacitance and a long 5 operating life, al

of which makes them wel |l -suited to use in a variety of applications,

i ncl udi ng nmenory backup power supplies for electronic equipnent such as
personal conputers and portable el ectronic devices, power supplies to
pr ot ect personal conputers and ot her equi pnent from sudden power 10

out ages, together with solar cells as energy storage systens for sol ar
pover generati ofetzaethylommoniami tetvafhuorebarates ((CHauNBEal- {3249 i ng
power supp'ﬁﬁsa dissolvedNgn' 8l LAMEBLEXABLEE O LAV 20X ¥ERI ©F

are ro e ustrate the I nvention, and are not iIintended to 15
limit the added {tReither resplétngppeiyuretbans (RoymeTHE compgung,such as

EXAVPLE 1 ¢o s@te%{eobbh%iﬁéﬁpﬁéh?hﬁnofo(cﬁ SNBH, Caﬁh’%:@y&ﬁéﬁiar@pam tor,
20 and Solid _Polynmer Electr El ectTic. Double agitor:
A ni xtuPe RS COMPPYRMS! LU phft s Thethesulting S o 25 ?‘ﬁ&'@e
gl yCﬁl pr opitigRire :lwdxm@ldl m:eéem:e toCapuLbY NElie Saammahwﬁaedmd aE@®PO = 8/ 2; |
wei ght - aver age _nol.ecu e an m ca
| ndustries,® evapo poralteg. g iaiﬁﬁ BanEXF£%%%aﬂ?fQﬁé§Wé#1 (ﬂ%ﬁﬁtéigéﬁﬁﬁggﬁediol,
and 1.00 paﬂtecrl:froalyltpl eompdpanfhgdeinafitet heefdmdb|ta @ypiunduid TEVi-ng a
| ar ge di pol e N R f.p [

aggdgggegag g?ﬁgaﬁéf a & %%%% ¥nife %ﬁﬁ}ﬂéﬁ%a&o

produced by NPU) stirring vacuun1é%ga33|ng
were cafri delsuat BRE For26phpurs, tbﬂstiﬁ@r@mgli}'s@m Palymesduced by

Sanky0 A'ré@éﬂ¥fai§t@0(cured Ebﬂpieﬁﬁdfgroél ti®faguied GaRpyr (produced by

Bi k Chem e .) Wwere added, ereby form ng a pol yuret hane
pol yneric éﬁﬂﬁﬁﬂﬂd“%#eferred to her ei naf t er as "liquid I").
- 25- The infrared absorption spectrum of the resulting cured

complex was found to have urethane bond (R-O-CO-N-) absorption

15 at 1740 to 1690 cm™ and cyano group absorption at 2230 to 2130
cm?, confirming that the -CH,CH,CN groups within the
polyurethane compound prepared from the polyol compound and
the isocyanate compound are bonded through NHCOO linkages.
Moreover, the complex did not dissolve in the solvent,

20 demonstrating that it was a three-dimensional crosslinked
structure.

The conductivity and bond strength of the cured complex
were measured as described below. In addition, the cured
complex was held at 100°C for 5 hours, and the percent weight

25 loss by evaporation was measured. The results are shown in
Table 2.

Conductivity:
The cured complex was rendered into a 200 pm £ilm,
30 sandwiched between two copper sheets, and the conductivity was
determined by AC impedance measurement.
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Tetraet hyl ammoni um tetrafl uoroborate ((CJerr]J]Herr])[err]NBF[err]) (3.19

parts) dissolved in a suitable anmount of tetrahydrofuran was added to
the resulting pol yurethane pol ynmeric conpound such as to set the

conbi ned weight of (CJerr]Herr])[err]NBF[err] and pol yurethane 5 polyneric
conpound at 1 kg. The resulting solution was held under reduced
pressure to allow the tetrahydrofuran to evaporate, giving a

pol yur et hane pol ynmer conpound-supported el ectrol yte conpl ex

(her ei naf t Bondeftrendtho as "liquid I1"). Liquid Il was cast using

a doctor knife gl b6kl vl dbalrBaldhl HatehObnt thaupsell bype

formng a solid yte (cured conpl ng electric
doubl e- | aybpnd st@&pat@ht best procedure wandands £91a PEF—VGﬁ spkcfPuof
the resul t 4RO 98" RE854. c fﬁ&@ﬁl{i} Lagp per bR tdr ﬁtamﬁg ROBH1 R8s EO- N-)

absorption 15 at 1740 to err cyano group on at, 2230 to
2130 5 cRffePrp, m@onﬁlvﬁﬁﬁﬁ ?hatodt §%WP$hBhb tna E

pol yur et hahadcwaﬁuadrﬁaeéafﬁdafé@rv:iﬂf: salapd e&ommendsaadas théehe

| socyanat e d a bonde ough NH Mor.eqver, the
conpl ex di & ESSO{Pﬁg Phee g %e?ﬁmpogf%ﬁ%&a#r gt-l'feﬁ&rf"ﬁafio}lﬁf
t hr ee- di nedayemracapaocisbrakeas apphiedidietween the coptheadhadendsvaSy and

bond st renghg ‘%nhgﬁgcﬂgggrco@ﬂéﬁ&elhdl%’Fafo rl%%% ?6]8%?‘0 e;gr bgggcgel ow. In

addi tion onpl éx " was he hours, and the
per cento weicyiring5andsbobdingaptherehn gkeine s mbmelTﬁ@Sﬁ‘—e pdecs - ar Boshown

in Tablga2. oF the E@Eggﬁ %étw e attached”ﬂ% Qﬂ&%ﬂl@oﬁﬂhﬂﬁsmﬁﬁ 5endered
into a 200 pmf san %e tween two copper sheets, and

conduct i vi te¢skdag macbéilér nfR@ dneasukenefle Jfc CIEASG Ot .

- 26- crosshead was moved at a speed of 100110 mm/min, and crosshead
movement was continued until the portion of the test piece
15 remaining bonded was about 10 mm. The measurement results
were subjected to best-fit straight line approximation, and
the peel-type bond strength was determined from the resulting
peel load in accordance with JIS Z8401.

20 EXAMPLE 2

A solid polymer electrolyte {cured complex) for electric
double-layer capacitors was prepared by the same method as in
Example 1, except that the amount of ethylene cyanohydrin was
changed to 0.57 part and the amount of polymeric MDI (MR-200,

25 from NPU) was changed to 2.81 parts in order to keep
[NCO]/[OH] =1.

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

30 The conductivity and bond strength of the cured complex
were measured by the same methods as in Example 1. 1In
addition, the cured complex was held at 100°C for 5 hours, and
the percent weight loss by evaporation was measured. The
results are presented in Table 2.
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Bond Strengt h: The bond strength was determ ned based on the

peel -type bond strength test procedure standards for adhesives set
forth in JI'S K6854. Specifically, copper sheets having a thickness 5 of
0.6 M a width of 25.50.2 mmand a | ength of 300 mm t hat had been
surface-treated with sandpaper were used as the adherend. The

el ectrolyte conposition for electric double- | ayer capacitors was
appl i ed between the copper adherends as t he bondi ng | ayer, then held at
80[err]C f @XMMPA®uUBs to effect 10 curing and bonding, thereby giving a

T- peel test piege. t n e te re ach
flgable clangs %h?&l%% BP&gFF%ggiﬁﬁﬁfﬂgyt%n@“ﬁ%§§ ) ﬁPF%Elgut
The crdknﬂéadlwaernuapdcatonsswasdpnépdfﬁﬂibynﬂhersam&nme¢hoﬂshsadn

movenent "‘%ﬁ%@tlté gue%x%agﬁ' thig Pﬁétérﬁ i éﬁdﬂ% %@%é%%y grﬁ%g' 59

bonded was asurenen res
best-fi & stqhanged Hond -28ppextnandobhe aamount qfheqlameniyp MDIoAMRs208ngt h

was det er mgiesh n with JIS
Z8401. 20 Exxﬁg?]%%% Eﬁ%ﬂbeh gcso[%g)eﬁEL %%g§1(?ECtrq{yte cured conpl ex)

for el ectril®NCO]/I[@3]bka-| ayer capacitors was prepared by the sane met hod as
I n Exanpl e exce hat the.anouni of eth e cyanoh drln was
changed to 0.57 rtregﬁgtﬁ‘ﬁg SHEER P %%’FJ’F%? %1%5 e('lé iopal ¢\ om NPU)
was changedrossdidkedastructuveder The peegence of NEEthaxde bbnds and The
resul ti;gg gggﬂh crosslinked structure.
The pregengﬁkﬁg> ret %ﬁg%% ngnkﬁ£§gdd5§§§%% roups was confirmed by

anal ysi s. The peaduchduityvang berd betrengtlemdft thef cumedc gowplednpl ex

wer e rreasum@meh@ereamywehaogémésméfh@@@ Sinl E;Jaﬁhple 1addt:h' on, the
cured conpleé masageld at “10Q[err] C hours, and ercent wei ght

| oss by ev Wae FrBE@Gr‘éHmP]fTﬁ% was Relqats lé’roecprféé’eét g&“irﬁ T&Bfe 2.

-27- the percent weight loss by evaporation was measured. The
15 results are presented in Table 2.

EXAMPLE 4

A solid polymer electrolyte (cured complex) for electric
double-layer capacitors was prepared by the same method as in

20 Example 1, except that 1.69 parts of cyanophenol was used
instead of ethylene cyanohydrin.

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

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

30
EXAMPLE 5

A solid polymer electrolyte (cured complex) for electric
double-layer capacitors was prepared by the same method as in
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EXAMPLE 3 A solid pol ymer el ectrolyte (cured conplex) for electric

doubl e-l ayer capacitors was prepared by the sanme nethod as in Exanpl e
1, except that the anount of ethylene cyanohydrin was 5 changed to 0.29
part and the anount of polyneric MD (MR-200, from NPU) was changed to
2.25 parts in order to keep [NCO /COH >: 1. The resulting
cured conpl ex was a three-di nensi onal crosslinked structure. The

presence of urethane bonds and 10 cyano groups was confirmed by anal ysis.
The conductBxampleadd le3cepst thbagt h- b3 parts wf R widrwroethanole Wasnugedr ed
by the sa addition, the cured conpl ex was
hel d at 10 Igﬁ%ﬁgg%gf%ghﬁ%ﬁé%”ﬁt&a&hyﬁfl%e per cent melght |l oss b

evapor ati on was ﬂh@a@@ﬁ@dtmsecmseﬁe@mpke&r‘éa%r@s@ne@rdi;menﬁ@@

EXAVPLE 4 crossllnk@dﬁgkchﬁﬁk¥”erTﬁéeﬁféééﬂﬁé*&f“ﬁf%iﬂ&ﬂ@ﬂﬁaﬁhsf%hd¢|eCtr'C
doubl e-1 ayer capacitors was prepared by the sanme nethod as in 20 Exanple 1,

except PhatCYRED IFAUPS YASc FIREPFBRS| PYa@nYLERLS. | nstead of ethyl ene

cyanohydrin. The condligtioivlt AN BoK@Os EESHYEX oM idured dompilexonal
crosslinked structure. esence of ur t hane, b [Zyano groups

d
was confi r MEFSHPeaTHeS; E’Y e same mpetho a?ﬁ:t’r‘%/oé]@gﬁf Jond & rengt h of

t he cured caﬂmlmn, th‘aebar&ﬂaeumpljeioywa@ehsmreatreldmds faxr iSnhiexansp| andl. | n

addi ti on, ﬁ}ﬁ (ﬁ AL y ev i&twi1 sge{uga&;%églg);@{é&l %sormeSaJﬁ@‘érds %% the

percent wei ora I on results are
presenuedlnesnﬂﬁaaare ®GesentEXAWPLEa51e 2. A solid polyner electrolyte
(cured conplex) for electric doubl e-l ayer capacitors was prepared by
the sane nmethod as in - 28-

EXAMPLE 6

A solid polymer electrolyte {cured complex) for electric
double-layer capacitors was prepared by the same method as in

15 Example 1, except that 4.94 parts of the ethylene glycol- -
propylene glycol random copolymer Unilube 50TG-32U (EO/PO =
5/5; Mw = 2468; produced by NOF Corp.) was used instead of the
trifunctional ethylene glycol-propylene glycol random
copolymer Sannix FA-103.

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

The conductivity and bond strength of the cured complex
were measured by the same methods as in Example 1. In

25 addition, the cured complex was held at 100°C for 5 hours, and
the percent weight loss by evaporation was measured. The
results are presented in Table 2.

EXAMPLE 7
30 A solid polymer electrolyte (cured complex) for electric

double-layer capacitors was prepared by the same method as in
Example 1, except that 1.2 parts of polyethylene glycol 400
was used instead of the difunctional polyol 1,4-butanediol.
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Exanmpl e 1, except that 1.13 parts of 2-chloroethanol was used I nst ead
of et hyl ene cyanohydrin. The resulting cured conplex was a

t hr ee- di nensi onal crosslinked structure. The presence of urethane bonds
and 5 cyano groups was confirnmed by anal ysis. The conductivity and
bond strength of the cured conpl ex wer e neasured by the sane nethods as
in Exanple 1. In addition, the cured conplex was held at 100[err]C for
5 hours, and t he percent weight | oss by evaporation was neasured. The
10 results are [iesaesadtingTebired2complex wxAMPLEhiee-dimensighasol i d

pol yner el A | ex o [ igﬁgﬁ% -Eﬁﬁpr
capacitors%%g%ﬁ%¥g%§$£§&%@c?ﬁggéan%h%e%ﬁg%ggééié?]%F anp ng, ef%gkt t hat
4.94 parts efanctharnoups #as gopfadrmed bypanaiyehe. gl ycol random copol yner
Uni | ube 50TG 324HEFQR@uttivi : md 286F¢ 3611}%@5 CYnid Dexas
used instead of the uFF%F&E?i?gﬁgﬁbg?hé?Q%%@g?sggﬁgg$opy ene Sﬁyco

random 5 WRFRIMARSUISEhAYX the- $8e methods aghin fesamRied curldd conpl ex
\Q/asda th& eeadi BT ORMe cure@ eaﬁb%ekedagtnemtﬁ'@-wdva: M@@%%%fs,ura@idﬁane
onds an cyano _groups, . was conjirne anal ysi s. e

conduct i vi tSRSRPTSERT ARGt HOSF PRec¥aPatablon as measmad U ed by
the sane nmatdmristsasarien poeaepitedlinl DaBhe 2ddition, the cured conplex was
held at 100[err]C for 5 hours, and t he percent weight | oss by

evaporati on was neasured. The results are presented in Table 2.
EXAMPLEO7 EBEKAMPLE 8A solid polyner electrolyte (cured conplex) for electric

doubl e- | ay C W] p tcﬂ&%ﬂ; Ay | ; anpl e

1, except t oef'ﬁ ﬁ.?I}Sars'?’g'\e%?tpgﬁgg%ﬁg?’gﬁeﬁg%f/‘(?:o: 34%% vvasﬂlg)sne Q|Ilr?s(t ead of

t he di f unctBlamtirisoPpyble-Laggrafappeitor, and Solid Polymer Electrolyte
for Electric Double-Layer Capacitor:

A mixture was prepared from 6.56 parts of the

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

20 moment. Next, 3.66 parts of polymeric MDI (MR-200, produced
by NPU) was added to the mixture, stirring and vacuum
degassing were carried out, then 0.02 part of the catalyst NC-
IM (produced by Sankyo Air Products Co., Ltd.) and 0.01 part
of a defoamer (produced by Bik Chemie Japan Co., Ltd.) were

25 added, thereby forming a polyurethane polymeric compound
(referred to hereinafter as “liquid I7).

The polyurethane polymeric compound was dissolved in

11.49 parts of the nonaqueous solvent propylene carbonate
containing 1 mol/L of dissolved tetraethylammonium

30 tetrafluoroborate {(C,H;),NBF,), such as to set the weight ratio
of the polyurethane component to the nonaqueous solvent at
1:1, thereby giving a polyurethane polymeric compound-
supported electrolyte complex (hereinafter referred to as
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-29- . The resulting cured conplex was a

t hr ee- di nensi onal crosslinked structure. The presence of urethane bonds
and cyano groups was confirned by anal ysis. The conductivity
and bond strength of the cured conplex 5 were neasured by the sanme nethods
as in Exanmple 1. In addition, the cured conplex was held at 100[err]C
for 5 hours, and the percent weight | oss by evaporation was neasured.
The results are presented in Table 2. 10 EXAMPLE 8 Nonaqueous

Sol vent - Contldiawidg IE" ¢ cwhacht s Ganpetéectomlys compdsidgian Fomoedlectrdger

Capaci tor, fRg1eeh 0 trolyte for Electric Doubl e-Layer
Capacitor: 13 1a§ﬁgnkéggpégégg'prepared from6.56 parts of the 15

trifunctional ef#i@udde I (edecpropytenecompogbtiomhaag castc#dd@dr Sanni x

FA- 103 ( EOddtor8ichi fiVapp328atoP! 808 CKEL@Yat 80°R0BEY @ 9B, lheigstri es,
Ltd.), 0.27 part of the dlfunctlonal%folyol 1, 4-but anedi ol , and 1.00
part  of Set lATAHAY a SO)dAoRPATIAT a8 leRbral ¥em of culnth SAMPLeR) £§Ta | ar ge

di pol e 20 EIERItriNasubl3-G8year Eapaéivetyeric M (MR-200, produced

by NPU) was added to th I xture, stirring and vacuum _. degassi.ng were
carried out, thgﬁeoF@f“ga 9oPurRd E%W%i?gtw?i}ae¥thﬁMQﬁme 24y Sankyo
Air Productcrosslinkied kstandtir8l pThé preseaice dffuwstdranepbaodsednidy Bi k
Chem e Jap . ) r t orm ng a pol yurethane

pol yreri ¢ ?&ﬁg‘%uﬁ&]"t"%s we; Bofig ) BHEE hy LA R 0L quid 1),

The poligur et han&heolcpmduict ivatpoand bhesd dstxengihl ofi the cured) gemplexof t he
nonaqueous v Y _ 0, | nJ : 0 | ved
t et raet hyl éﬁmm%fn%&%agé%?eﬁggl fl{}%{iggﬁ%ﬁgy(fﬁer r i %ﬁ%ﬁﬁ% hélF{Eer r F) %I such
as to set tlhe viliegmespdiisoare pgesepte@doly¥aktane conponent to the

nonaqueous sol vent at 1: 1, thereby giving a pol yurethane polyneric
conpound- sHpBorted el ectrolyte conplex (hereinafter referred to as

15 A solid polymer electrolyte (cured complex) for electric
double-layer capacitors was prepared by the same method as in
Example 8, except that the amount of the nonagueous solvent
propylene carbonate containing 1 mol/L of dissolved
tetraethylammonium tetrafluoroborate ((C,H,),NBF,) was changed

20 to 34.47 parts, thereby setting the weight ratio of
polyurethane component to nonaqueous solvent at 1:3.

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

25 The conductivity and bond strength of the cured complex
were measured by the same methods as in Example 1. The
results are presented in Table 2.

COMPARATIVE EXAMPLE 1

30 A solid polymer electrolyte (cured complex) for electric
double-layer capacitors was prepared by the same method as in
Example 1, except that 5.61 parts of the monofunctional
polyethylene glycol monoalkyl ether Uniox M-400 (weight-
average molecular weight (Mw) = 400; produced by NOF Corp.),

-31-~



-30- . : "liquid I'l") which is an electrolyte conposition for
electric doubl e- | ayer capacitors. Liquid Il (electrolyte
conposition) was cast using a doctor knife applicator and held at 80C
for 6 hours, thus 5 formng a solid polyner electrolyte (cured conplex) for
el ectric doubl e-layer capacitors. The resulting cured conpl ex was
a three-di nensi onal crosslinked structure. The presence of urethane
bonds and cyano groups was confirned by anal ysis. 10 The

conduct i vi mhighd lscks &t suhgthtuent heavimeda candedipole memedtt.awaséd wer e

measured by,Jd e i%ﬁtfzog%?g%hg gyaﬁ@%ﬁﬁirbbl. The results are presented

I n Tabl e 2. . | ymer el ectrolyte (cured
conpl ex) for el dhe resultiggupneefagempled#3s ¢ sthkee HaCRSIONR] t he sane

met hod as idyossliEk@iPserict@¥68Pt ThE3hrédnAd W uritHdie HONAIBUGRLS
sol vent propyl ene carbgnate containing 1 nol/L of dissolved

t et r aet Ayl SARFHINGG OFr PPdEFdBorate ((CJerr]Herr])[err]NBF[err]) was
ch?nged ﬁo to 34/ d@@ﬂh&tiﬁrﬁ@&ebﬁdsﬁéﬁ? n@tfdﬂﬁgwﬁii@ttﬂe’ﬂdtﬁdﬂ _ﬁ?mplex .
pol yur et hane conponent .t 0o ngnaqueous sol vent at_ 1: 3. e resulting
ur o conmpMBES e aFtted. BY, Fhe SRoRmonodT af An RARFRIS dot BB The
presence ofadfidtilvane thendsraddcompley awas ghalp satnalD o dhfiormsd hoypranalbpdi s.
25 The ¢ VI d d,.st | e wer e
measur ed b&%%g{é%tmkﬁggg %gglgnngéﬁé%gigﬂg?a Sc%ef%su {&s) a?gepr esent ed
in Tablle 2results GDRPARASENECEXANVPLEble 2.

The resulting composition was held at 80°C for 6 hours,

thereby forming a solid polymer electrolyte for electric
double-layer capacitors.

15 COMPARATIVE EXAMPLE 2
Tetraethylammonium tetrafluoroborate ((C,H;) NBF,) (2.77
parts) and polyethylene glycol 2000 (10.00 parts) were
dissolved in a suitable amount of tetrahydrofuran to a
concentration of 1 mole of (C,H;) NBF, per kilogram of the total

20 weight. The resulting composition was cast using a doctor
knife applicator and held under applied pressure in a 60°C
oven for 1 hour to evaporate off the tetrahydrofuran, thereby
giving a conductive so0lid polymer electrolyte (solid
electrolyte for electric double-layer capacitors).

25 The resulting solid polymer electrolyte was measured for
conductivity, bond strength and percent weight loss by
evaporation using the same methods as in Example 1. The
results are shown in Table 2.
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30 . A solid polyner electrolyte (cured conplex) for electric
doubl e-l ayer capacitors was prepared by the sanme nethod as in

1, except that 5.61 parts of the nonofunctional pol yet hyl ene gl ycol
nonoal kyl ether Uniox M 400 (weight- average nol ecul ar weight (My) =
400; produced by NOF Corp.), - 31-

whi ch | acks a substituent having a | arge dipol e noment, was used instead of

et hyl ene cyanohydri n. The resulting cured conplex was a

t hr ee- di mefTGTaA2Usr oShilei etbyleneugiveel -prepplens lyasl Fadd9ihe bonds was
confirmed by aedpkibher unildbe seRleid vidy/rd Bosd six engusgl the cured
conpl ex were neasuré é the sane methods as in Exanple 1. In addition, the

cured conpl ex RX¥9dMerd BY HOB[EPFPC for 5 hours, and the percent melght

| oss by EVQﬁEF&Hdﬁybﬂﬁgsp@ﬁ@%qnedl Ihgufgﬁgaiélare presented in Table 2.
COVPARATI VE._EXANPLE 2 r aef amoni um tetrafl uor oborate

((C err PH F5G 4%+ ﬁ@ﬂP@FPF}ePQ 9#¥ﬁﬁit§9 Oand pol yet hyl ene gl ycol 2000
(10. 00 par - 200 d!o&@ﬁie\tﬁ@ MDIa(prodabée By py) Of tetrahydrofuran to a
concentration e of err NBF[ p f the
total weig 40ﬁ1e r chgﬁﬁé‘?i Bﬂl%\%lgh% &te L%ell;‘?{!goja knlele
appl i cat or andUndlost Mndeo anpl#edO@)es@muduoadzbyﬁ@@ﬁTCb@poven for 1 hour to
evaporate off the tetrahydrofuran, thereby giving a conductive solid

pol ymer electrolyte (solid electrolyte for electric double-Iayer

capaci ti@rs) . The resulting solid polyner electrolyte was neasured for
conductivity, bond strength and perceqhﬂﬁa%gbt | oss by evaporation using
the sane nethods as in Exanple 1. The results are shown in Table 2.

Exanpl e

15

20

Com(igc/::::ix)rity stggﬁgth 1osPseI;>(;eI:eEra;‘;)ec>11§;a1::tion

(kN/m) (%)
Example 1 4.70x10™ 2.59 0.1
Example 2 4.20x10™ 2.31 <0.1
Example 3 3.90x10™" 2.08 0.1
Example 4 3.50x10™ 1.66 <0.1
Example 5 3.00x10™ 1.59 0.1
Example 6 4.50x10™ 2.49 <0.1
Example 7 4.30x10™" 2.39 <0.1
Example 8 1.80x10°° 1.00 -
Example 9 3.60x107® 0.82 -
Comparative Example 1 4.50x107° 0.77 <0.1
Comparative Example 2 2.40x10°° <0.01 <0.1

According to the present invention, there can be obtained

electrolyte compositions and solid polymer electrolytes, for

use in electric double-layer capacitors, which have a high

ionic conductivity and a high bond strength.

The electrolyte

compositions and solid polymer electrolytes of the invention

are composed primarily of an ion-conductive salt, and a

polyurethane polymeric compound which has a high dielectric

constant, can dissolve the ion-conductive salt to a high
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-32- 50TG 32U. The et hyl ene glycol -propyl ene glycol random

copol yner Unllube 50TG 32U (EQ PO = 5/5; Mwv = 2468), produced by
NCF Cor p. D functional polyol: 1,4-Butanediol 5 PEG 400: Polyethyl ene
gl ycol 400 MR- 200: Pol yneric MDI (produced by NPU) M 400: The
nonof uncti onal pol yet hyl ene gl ycol nonoal kyl et her Uni ox M 400 ( Mw
= 400), produced by NOF Corp. 10 Table 2
Conduci vity Bond Percent wei ght (S/'cm
strength |oss by evaporation Table 1 (kKN'm
(% Example 1 4. 70x10[ err 2.59 <0.1
Exanpl e 2 componéht 28X 10[ €icbhponen? B[l  componertlcl Examl e 3
3.90x10[ er 208 0% BEarpte—4 Bleﬁdﬁa@xlotﬁc%”]
1. 66 <( {rifunc- Difunc- Poly- Alcohol compound Ratio Index
' " “tional tional functional with large a 1 2)
Polyol polyol isocyanate dipole moment
(g) (g) (g) (9)
- 1,4~ _ ethylene
EX1 ?ﬁ ég? butanediol ?g gg? oyanohydrin 0.087 | 1.04
: {0.27) : (1.00)
_ 1,4~ _ ethylene
EX2 fﬁ ;g? butanediol ?g gg? cyanohydrin 0.056 | 1.04
‘ {0.27) ) (0.57)
_ 1,4- _ ethylene
EX3 fg ég? butanediol ?g gg? cyanohydrin 0.031 1.04
‘ {0.27) ’ (0.29)
1,4-
FA-103 Y o MR-200 cyanophenol
EX4|  (6.56) bu§g?§$?ol (3.66) (1.69) 0.14 1.04
1,4-
FA-103 Mg MR-200 2-chloroethanol
EX5| 6. 56) bu?g?;$§01 (3.66) (1.13) 0.098 1.04
_ 1,4- _ ethylene
EX6 5?£692§U butanediol ?g ég? cyanohydrin 0.101 | 1.04
’ (0.27) : (1.00)
thylene
FA-103 PEG 400 MR-200 e 4
EX7 (6.56) (1.2) (3.66) cyanohydrin 0.081 1.04
(1.00)
_ 1,4- _ ethylene
EX8 fﬁ gg? butanediol ?g gg? cyanohydrin 0.087 | 1.04
’ (0.27) y (1.00)
_ 1,4- _ ethylene
EX9 fﬁ ég? butanediol ?g gg? cyanohydrin 0.087 | 1.04
: (0.27) : (1.00)
1,4-
FA-103 ‘. MR-200 M-400
CEl| (¢ 56) bu¥g?§g§ol (3.66) (5.61) 0.028 1.04
CE2 polyethylene glycol 2000 _ _
(10.0)

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

5 PA-103: The trifunctional ethylene glycol-propylene glycol

random copolymer Sannix FA-103 (EO/PO = 8/2; Mw = 3282),
produced by Sanyo Chemical Industries, Ltd.
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Example 5 - 3.00x10[err] 1.59 <0.1 Exampl e 6

4.50x10[ err] 2.49 <0.1 Exanple 7 4. 30x10[ err]
2.39 <0.1 Exanpl e 8 © 1.80x10[ err] 1.00

- Exanpl e 9 3.60x10[err] 0. 82 Conpar ati ve Exanpl e
1 4.50x10[err] 0.77 <0.1 Conpar ati ve Exanple 2

2.40x10[ err] <0.01 <0.1 According to the present

i nvention, there can be obtained 15 electrolyte conpositions and solid
pol yner eﬂeannuﬁn¢me$iohorhas excellent| adhesivel @usnentdes, @8dadStors,
uhi ch have ggarie b aGlé Aidtibden ¢otivarale. thhe
el ectrol yte ﬂHﬁi Ofbgkggog%ﬁg gﬂ #fﬁi ynerrg%ectrolytesabf t he

i nvention thatam@ @@nﬁé@@@rplYﬁﬁr$P¥UE#°QH1| on-conductive salt, and a 20

pol yur et hane pol yneric conpound which has a high dielectric const ant,
can di ssolve the ion-conductive salt to a high

- 34- 5 EXAMPLE 10 Table 1
CbnponentA@olarlz@%ﬂﬁp&Q@stodeCEB?ﬁﬂﬁ@tc&hpos1tion and feolearizabilfeunc-
Pol y- %Phol conpound Bl ending NCO tional tional

functi onal ©1eCtKAd%: ar ge Ratio | ndex Pol yol pol yo

i socyanat e dmmﬂnmlnﬂﬁmnVed activated(garbon (mgmyfactured bygKansai
1(38% anedi ol Ne t'%@&lag%&u K. K., spgcaﬁ%%/l%gggace, 18%@813,;benﬁxe:azg@%arti@lém
(6.56) 10(0.€2iRe, 16 pig. &8) the latgeoeyrface area material and carbon
black (average particle size, 20 nm) as the conductive
material were added in a weight ratio (activated carbon/carbon
black) of 18:2 and mixed.
The resulting powder mixture, liquid I of Example 1, and
15 acetonitrile were mixed in a weight ratio (powder
mixture/liquid I/acetonitrile) of 20:1:30 to form a
polarizable electrode-forming composition.
The polarizable electrode-forming composition was cast
onto an aluminum current collector using a doctor knife
20 applicator, then held at 80°C for 2 hours to evaporate off the
acetonitrile, thereby giving a polarizable electrode in a
semisolid state.

EXAMPLE 11
25 Electric Double-Layer Capacitor (1}):
A separator substrate (PTFE porous film) impregnated with
a 1 mol/L solution of tetraethylammonium tetrafluoroborate
({C,H;) ,NBF,) dissolved in the nonaqueous solvent propylene
carbonate was placed between a pair of the polarizable
30 electrodes obtained in Example 10 and pressure was applied,
giving a film-type electric double-layer capacitor.
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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FA-103 .1, 4- MR200 et hyl ene EX2 (6.56) butanedi ol (2.81)

cyanohydrin 0. 056 1.04 (0.57) EX3 FA-103
but anedi ol VMR- 200 et hyl ene EX3 (6.56) butanedio
(2.25) cyanohydrin 0. 031 1.04 FA-103 1, 4-
VR- 200 cyanophenol 0.14 . 1.04 EX4  (6.56) butanedi ol
(3.66) (1.69) 0.14 1.04 (6.56) (0.27)

EX5 FA-103 1, 4- MR- 200 2- chl or oet hanol 0. 098 1.04

(E?)(82 (6. 5@olIndtwredionstructioht) was capablé.dB)being chaxgesl and . 04
7) T %@%] 0 &y - EX6
507G 32U blﬁ:ﬁ%r(ﬂe%o %n%g'lfgg)ctlontl.d effe f s an elecﬁi\%ﬂiﬁ)ﬂ 1b014e

(4. 94) (e capacit®r66) (1. 00) . 0.101

1.04 EX72 FA-103 PEG 400 MR- 200 et hyl ene EX7
(6.56) (1.2 (3.66) cyanohydrin 0. 081 1.04

FA- 103 5 EXAMPINR.IZNO0 et hyl ene EX8 FA-103  but anedi ol
(3.66) Eléﬁ%ﬁ%&“ﬁﬁﬂﬂle Layerocﬁﬁgcito% @é) (6.56) (0.27)
(1.00) EX9 FA-10 ethﬁﬁene

EX9 (6.56) but%&laui Il@ROfO’é‘XﬁmPle 1 Waéy‘&%ﬁ%r?‘h“ or tmpregnatiag,
1,4- :M:E&QQ separatorVsi¥3trateCEPTFE porous Bilmheth dive a (3. 66)
(5. 61) . 028  1.04 (6.56) (0.27) CE2
pol yet hyl erf %4%"0‘7’?2000 (10 .0) 1)

ELendlm? rati o =TH¥ (separatorCwas plareNCOeitweder & paqu¢$c}ne 5 FA -103:
copol yrer | SR SR grfaiBlatds gokifle 10. PreddlEdfias
Sanyo Cheniappliediuse rihes assembly, after which it was held at about 80°C
for 6 hours to effect curing. This caused the liquid II of
Example 1 present in the separator between the pair of
15 polarizable electrodes produced in Example 10 to thermally
polymerize, giving a film-type electric double-layer capacitor
The film-type electric double-layer capacitor thus
obtained had an aluminum current collector/polarizable
electrode/separator/polarizable electrode/aluminum current
20 collector construction, and functioned effectively as an
electric double-layer capacitor.

EXAMPLE 13
Electric Double-Layer Capacitor (3)

25 A film-type electric double-layer capacitor was produced
in the same way as in Example 12 using a pair of the
polarizable electrodes produced in Example 10, except that the
liquid II used was that prepared in Example 8.

The resulting film-type electric double-layer capacitor

30 had an aluminum current collector/polarizable
electrode/separator/polarizable electrode/aluminum current
collector construction, and functioned effectively as an
electric double-layer capacitor.
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- 33- concentration, has excellent adhesive properties, and

S capable of achi eving an |nterfaC|aI | npedance conparable to t hat
of an electrolyte solution. 5 EXAMPLE 10 Pol ari zabl e

el ectrode-form ng conmposition and Pol ari zabl e el ectrode:

Phenol - derived activated carbon (manufactured by Kansai Net sukagaku

K. K.; specific surface, 1860 nferr]/g; average particle 10 size, 16 [err]m
as the |large surface area material and carbon bl ack (average particle
size, 20 nEXAMPILEhd4conductive material were added in a weight ratio

(activated gar car a nd m xed. The
resul ting 5§ﬁﬁgﬁﬂﬁ%;F@$ge Faagk Egﬁa?iEéﬁng?g 1, and 15 acetonitrile were
mxed in a wei gffther aﬁqm@pa\xdpreparem %o UExamplRi H Wasddasad A0 & of

%ﬁ 1:30 to d .#% A2 exceskOl irEﬁ@bhﬁrEEESt69d€héQﬁéﬂéﬁhé&ﬁﬂ&ﬁéﬂédﬁrode
e polariza

e electrode form ng osition was cast um num
cur r ent 5colpragusied, dion FXampd et ép kﬁPP op RpHATZARLe %mqﬁ% og' f‘g’@[ err]C
for 2 hour ssdnf QAR 100 thestackéﬁebﬂntépli:l@eré&IE,rQind qmegsgm was
polarlzable electrode_in a

El ectri c DARRIEah FIChCESa P B‘Pk("lfhe gap ge{w%e%eg%f? ares psql}bas]i q%e % PTFE
porous fil 1ddaroawiatosd iw.t hThe assémbhy/ kasothin dreld dtetatestthy@®oni um

;g;;gLng;qgaT3%&Fn&¥bg$F%%g%£H[er&khgerr]NBF[err]) di ssolved in the

10 This caused the liquid II of Example 1 disposed between
the pair of polarizable electrodes produced in Example 10 to
thermally polymerize and form a solid polymer electrolyte
layer, thereby giving a film-type electric double-layer
capacitor.

15 The film-type electric double-layer capacitor thus
obtained had an aluminum current collector/polarizable
electrode/solid polymer electrolyte layer/polarizable
electrode/aluminum current collector construction in which the
electrodes and the separator were firmly bonded. The

20 capacitor was capable of being charged and discharged, and
functioned effectively as an electric double-layer capacitor.

EXAMPLE 15
Electric Double-Layer Capacitor (5)

25 A film-type electric double-layer capacitor was produced
in the same way as in Example 14 using a pair of the
polarizable electrodes produced in Example 10, except that the
liguid II used was that prepared in Example 8.

The resulting film-type electric double-layer capacitor

30 had an aluminum current collector/polarizable electrode/solid
polymer electrolyte layer/polarizable electrode/aluminum
current collector construction, and functioned effectively as
an electric double-layer capacitor.
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carbonate was placed between a pair of the polarizable 30 el ectrodes

obtained in Exanple 10 and pressure was applied, giving a filmtype
el ectric doubl e-layer capacitor. The filmtype electric
doubl e-l ayer capacitor thus obt ai ned had an al um num current

col | ector/ pol ari zabl e el ectrode/ separat or/ pol ari zabl e

el ectrode/ al um num current - 35-
col |l ector construction, was capabl e of being charged and di schar ged,

and functioned & et iapplayeas fimoml thér above uxamples, |theepadariciabde. 5
EXAMPLE 12 ect@o?ﬁet-rfo lcgr;nbg)éﬂ:igﬁga&fa& Oﬁoiizu%ﬁ'zoable elect-gzﬁels' Qi d 1l

of Exanpl e?was coated onto I npregnat e a separator subStrate
( PTFE por oukh€ iinyentdogmi,vohich arsegemposed poimarilyraf fempodyurethape

pl aced bet i ri rnpﬁe}- 0 i n Exanpl e
10. Pressure %@gﬁ% cact)p |°f“§ ‘to %ﬁgbgsgéﬁg+§?e%%r |c]}%{l| ?ﬁ%? hel d at
about 86[ erqqrductiviomagenials apecepdeved wity a igh adhasdomand ghed | |
of Exargy €1 1y RS Fikrnily bBRAS €RAT RhPhe PEEMELEL (d¥ed Hdted1alld and

pol ari zabl e el ectrodes produced in Exanple 10 to thernall ol yneri ze,
giving a ficf'?eﬂeclilﬁé”@wsdoug%-e?‘é?ﬁr the gleghric rgj}’u&e‘ﬂ-ﬁfeﬁ | mtype

el ﬂ:tri c ?cn&;iat;jltaufaroﬁ:m@c:ih%ntguﬁ wh_icnbigi/m?bdm g{f adu}mi numdcurrent
col l ector/pal arizaple . electrode/separator/polariza elect.rqde .
al uni num c et sc’olqléfc?f‘of"%t?o ¢ ui&‘%ﬁ,c%@l?%"cﬁ%ng’&gé’f %??Te\‘fé:lrﬁcas
an 16l eodalisj:aim_J,blamd Zher abapatyt of. the paif)ﬁmakﬂmzableEl ectric
Doubl e- Lay%le%gi&%ggh%%i%Sto bona sbbhfely o & Gfdgd G dgubl e- T ayer

capaci tor was
(electrolyte), has excellent qualities as an electric double-

layer capacitor.
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in the-sane‘way as in txanpie 2—ustng a pair of the pol ari zabl e

el ectrodes producgj ' xcept that the liquid Il used was
that prepared in J"m mm a!l The resulting filmtype electric
doubl e- | ayer capaC|tbr°30Lhad an um num current coll ector/pol arizabl e
el ectrode/ separat or/ pol ari zabl e el ectrode/ al um num current col | ector
construction, and functioned effectively as an el ectric doubl e-Ilayer
capaci tor. - 36-

EXAMPLE 14 CLATMSzctri c Doubl e- Layer Capacitor (4) The liquid |1
prepared in Exanple 1 was placed in a slight excess on the surface of

the pol arizable el ectrode 5 produced in Exanple 10, another pol ari zabl e

el ectrode ok the electyptyteorempasitynn wher samedartonia (ﬂ?qm@r‘é@ﬂerand

pressure Vwﬁhpaclﬁﬂﬂﬂ'dﬂ%r%%%Qriﬁehobfaﬁflﬁ£ﬁii§ﬂbéﬁ§ d:he two
pol ari zabl e el ectrodes 25 pm The assenbly was then held at about

80[err] 5C f & RelyyEesh FBeePPQXWeE%?|FEFP9EPd preppfed by FERGHAI @Fui d

| gf Eéanm:ﬁ:dssiloﬁ)%edsbeimﬁaﬂe com b@n@awitmfa gszilgfdlzaian@oein@cttroodes
produced i

Exa rize r oI|d olyner
Dl ect rol yt £ort § goasusefhnng, SaRbFinaYaRS HToh e e Hides
capacitor. m an alcolihﬂ cohpotificbehethgi & skméltfetdemema:ﬂwl ia Clrartgiwl s g
obt ai ned h I orfpalariza ..electrode/so
ol yror ol Sy mbHeltC ik 8he “Br 871 COL PO ARG 1 sRedA
col | ecti@r Gnﬂsuﬁuaml¢he|DoﬂMurhtthe comp¢undrcwh&ramnisdmﬂ:ﬂﬂhﬂtﬂhﬂBHWere
firmy bon %rﬁgp pab! Yﬂ?@
dlschargedqﬁﬂréﬁp%la' ﬁigbgée¥?§%§€Vf$ ébggan e ectrlcggb ble- gngr
capaci t or. compound through a NHCOO linkage, and

an ion-conductive salt.

15 2. A solid polymer electrolyte for an electric double-layer
capacitor, which electrolyte is produced by curing the
electrolyte composition of claim 1 and has a bond strength as
determined by a method in accordance with JIS K6854 (1994) of
at least 0.8 kN/m.

20
3. A polarizable electrode-forming composition characterized
by primarily comprising:

a polyurethane polymeric compound prepared by reacting an
excess of an isocyanate compound with a polyol compound to

25 form a polyurethane compound and reacting the hydroxyl group
of an alcohol compound bearing a substituent having a large
dipole moment with some or all of the remaining isocyanate
groups on the polyurethane compound, wherein said substituent
having a large dipole moment is coupled to said polyurethane

30 compound through a NHCOO linkage;

a large surface area material; and
a conductive material.
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EXAMPLE 15 - El ectric Deuble-tayer Capacitor (5) 25 Afilmtype

el ectric double-Ilay ' pr oduced In the sane way as in
Exanpl e 14 using a ;H!mm&'“g“lmﬁi“ol ari zabl e el ectrodes produced in
c M sl | q

Exanpl e 10, except t uid Il used was that prepared in Exanple
8. The resulting filmtype electric doubl e-1ayer capacitor 30 had
an al um num current coll ector/pol ari zabl e el ectrode/solid pol ymer

el ectrolyte | ayer/pol ari zabl e el ectrode al um num current collector

constructi dh, Zampplanizabdecelettrodevpirgdused by arpattiong rihe gmilsrd-Aadbier
capaci tor. glectrode-f . -
elec frroo n(?l : ﬁg‘m&gg\/ comgosif:ion g():lF| cla 3 307 0 a current

As i s apparent e exanples, e pol arizable
el ect r ode- feR¥E9RETonposi ti ons and pol ari zabl e el ectrodes of t he
i nvention, which are conposed primarily of a pol yurethane pol ymeric

conpound, a large surface area_material and a 5 conductive material, are

endoved 3wi th G @eladieabds shactrede of mplaim A ihiqgh has Bokhendhe | arge
surface ar estréiigtn ds @¥ermin8lNBy £0MEthéd M SacddrRMEY wilthe Jalsectric

doudl o | SFepsy, (), o by UETEA G, 1 €1 1S corposed of sueh
and the ability of the pair of polarizable el ectrodes therein to bond
R I T e e T
lo polarizable electrodes with a separator disposed therebetween,
characterized in that the pair of polarizable electrodes are
polarizable electrodes according to claim 4 or 5, and the
separator is composed of a separator substrate impregnated
with an ion-conductive salt-containing solution.
15
7. 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 4 or 5, and the
20 separator is composed of a separator substrate coated or
impregnated with the electrolyte composition for an electric
double-layer capacitor of claim 1.

8. An electric double-layer capacitor comprising a pair of

25 polarizable electrodes with a separator disposed therebetween,
characterized in that the pair of polarizable electrodes are
polarizable electrodes according to claim 4 or 5, and the
separator is composed of the solid polymer electrolyte for an
electric double-layer capacitor of claim 2.
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-38- . ' CLAI MS: 1. An electrolyte conposition for an

el ectric doubl e-Ilayer capacitor, characterized by primarily conpri sing;
5 a pol yur et hane pol yneri c conpound prepared by reacting an
excess of an isocyanate conpound with a polyol conpound to forma

pol yur et hane conmpound and reacting the hydroxyl group

ABSTRACT

An electrolyte composition and a solid polymer
5 electrolyte for electric double-layer capacitors are each
composed of a polyurethane polymeric compound and an ion-
conductive salt. A substituent having a large dipole moment
has been introduced onto the polyurethane molecule, as a
result of which the polyurethane polymeric compound exhibits a
10 high dielectric constant and retains the ability to dissolve
an ion-conductive salt to a high concentration, has excellent
adhesive properties that enable it to f£irmly bond large
surface area materials and conductive materials, and moreover
has an interfacial impedance comparable to that of electrolyte
15 solutions. The invention is also directed at a polarizable
electrode-forming composition and a polarizable electrode
composed primarily of a polyurethane polymer compound, a large
surface area material and a conductive material. The
invention additionally discloses a high-performance electric
20 double-layer capacitor arrived at using the above compositions
and components.
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of an al cohol conpound bearing a substituent having l.arge di pol e

poment with sone or all of the remaining isocyanate 1 P .ﬁﬁ@ﬁ"sﬁ -

pol yur et hane conpound, wherein said substituent ha kgl ?E | e
monent is coupled to said pol yurethane conpound tihrfoygh a_ NHCOO

| i nkage; and an ion-conductive salt. 15 2. i 160 Y o}
electrolyte for an electric doubl e-Iayer capaci tqgr,iwhich electrplyte
is produced by curing the el ectrolyte conposition of claim1 and hjs ‘a
bond strength as determ ned by a nethod in accor daree~-w-t.h. 1S KG3H4
(1994) of at least 0.8 thn1 20 3. A polarlzable electrode form ng
conposition characterized

pol yur et hanglggla%%&'tg EBH{BBE]{' ?ﬁeé’ﬁ&eﬁlo Va6 é}-gﬁ%Ct oﬁ&?hane

| socyanat e compoun conpoun to 25 forma po
conpound and reacting tB&ef Hi@x?@u@l%dbaYer GAaraml @ ohol conpound beari ng

a substituent havi ngpulipidifle ElddtRekR TR kblipsareieh al| of the
remai ni ng |socyanate groups on he ‘Eﬂ yure hane COI’TpOUI']d wherein said

substltuenPOlarlﬁéy;ﬁgE&eF5F@€ed|%%@ herehic iRoukianlayer @paritors

pol yur et hane 30 conpound t hrough a NHCOO Iinkage, a large surface
area material; and a conductive materia

- 39- 4. A polarizable electrode produced by coating the
pol ari zabl e el ect r ode- BACKERQUK i i N m 3 onto a current

col I ect Ofpeennical Field

The present invention relates to electrolyte compositions

S and solid polymer electrolytes for electric double-layer
capacitors that are highly suitable for use in such
applications as backup power supplies for various types of
electronic equipment. The inventién also relates to
polarizable electrode-forming compositions and polarizable
electrodes, as well as to electric double-layer capacitors
arrived at using the above compositions and components.

Background Art

Electric double-layer capacitors are currently employed
as backup power supplies for memory in computers. These
capacitors, which make use of the electric double layer that
forms at the interface between an electrode and a liquid
electrolyte, have a small size, a large capacitance and a long
cycle life. _

Recent rapid advances in portability and cordless
features in consumer electronic devices such as mbbile phones
have led to a heightened demand for electric double-layer
capacitors. 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.
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5 5. The pol arizable el ectrode of claim4 which has a bond strength as
determ ned by a nethod in accordance with JIS K6854 (1994) of at |east
0.8 KN'm 6. An electric double-layer capacitor conprising a pair of
10 pol arizable el ectrodes with a separator disposed therebetween,
characterized in that the pair of polarizable electrodes are

pol ari zabl e el ectrodes according to claim4 or 5, and the separator is
conposed of a separator substrate inpregnated wi th an ion-conductive
sal t-contaj ning sol ution. An el ectric double-Ilayer caRgcitor

15 7.
conpri sifiL R pagko subsiditaentapoyigde & 16d9e WiPRls BepsPito™a§i sposed

t her ebetyka. instedd IR EFIEHE Icyandhlydlia .pai r of pol arizabl e el ectrodes
are pol ari zabl e el ectrddes according to claim4 qr. 5, and the 20

separat or i s CHITRBH NG Aes SoBP1e¥h ¥8Safe 1RFELs41BPNS 10D egnat ed

Wi th thedaslited estaiqraiid.i OTheo hrazetlceClofi @rethadleubbadsayas capacitor
of claim1. An el ectric doubl e-layer capacitor conprising a pair

. 8.
of 25 pdfoRfL AL Y A3 2Swith a separator di sposed ther ebet ween,
char act eri zedrhen ¢oradudtierigyi and boaldasitreblgehe lodc thedesrade complex
pol ari zabl e el ectrod agcordin | ai_m t he Separator is
corrposecymol?e ?ﬁ%a%‘%ﬁo%(g%ﬁro&&r?ersagge(&ﬁ%ﬁzo o?/’tse a%o%’a%xaﬂlgqgl I(‘:Lét r |I(I:l doubl e- | ayer
capaci t ddiftimi iis cured complex was held at 100°C for 5 hours,- a@d
the percent weight loss by evaporation was measured. The

results are presented in Table 2.

%~/ COMPARATIVE EXAMPLE 2

Tetraethylammonium tetrafluoroborate ((ng)@ﬂﬂﬁ).(2.77
parts) and polyethylene glycol 2000 (10.00 parts) were
dissolved in a suitable amount of tetrahydrofuran to a
concentration of 1 mole of (C,H;)/NBF, per kilogram of the total
weight. The resulting composition was cast using a doctor
knife applicator and held under applied pressure in a 60°C
oven for 1 hour to evaporate off the tetrahydrofuran, thereby
giving a conductive so0lid polymer electrolyte (solid
electrolyte for electric double-layer capacitors).

The resulting solid polymer electrolyte was measured for’
conductivity, bond strength and percent weight loss by
evaporation using the same methods as in Example 1. The
results are shown in Table 2.
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