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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

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

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

However, in such prior-art electric double-laver
capacitors, adhesion and tackiness between the pair of

20 electrodes and the electrolyte (separator) is'low. This has
an especially large impact in film-type electric double-
layer capacitors.

That is, film-type electric double-layer capacitors, as
- hoted above, have a positive electrode/electrolyte
25 (separator)/negative electrode construction. Unlike
cylindrical capacitors in which the positive
electrode/electrolyte {separator)/negative electrode
composite is coiled and placed in a case, fhe absence of a
- coiling pressure in film-type capacitors means that pressure
30 1is not app;ied between the positivé electrode and the
electrolyte and between the electrolyte and the negative
electrode, allowing the electrolyte to separate readily from
the positive and negative electrodes. Thus, the electrolyte
(separator) placed between the positive electrode and the
35 negative electrode, in addition to serving as an
electrolyte, must also have the ability to strongly bond the
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between the electrodes and the electrolyte (separator), it
is desirable for the same polymer used in the electrolyte to
serve also as the binder resin in the electrodes.

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

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

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

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

30 QLMSHI_G_QLM@D_'I;LQQ
The present invention was conceived in light of the

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

35 compositions and electrolytes are endowed with high ionic
conductivity, high tackiness and shape retention. Another
object of the invention is to provide polarizable electrode-
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That is, a typical example in which polyoxyalkylene
branched chains are introduced onto a conventional natural
- pPolymeric substance such as cellulose might involive the

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

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

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

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

35 of the 10-mole polyoxyefhylene groﬁps ((CH,CH,0},,-H) is 441,
& higher polyoxyethylene fraction of 441/(441+44) = 0.909 is
achieved. The higher polyoxyethylene fraction enables a
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electrode composite is coiled and placed in a case, the
absence of a coiling pressure in film-type electric double-
20 layer capacitors means that pressure is not applied between
each of the polarizable electrodes and the solid
electrolyte, allowing the solid electrolyte (separator) to
separate readily from the pair of polarizable electrodes.
For this reason as well, the separator disposed between the
25 pair of polarizable electrodes, in addition to serving as an
electrolyte, must also have the ability to strongly bond the
polarizable electrodes. In other words, it must have
tackiness and adhesion.
Pursuing their investigations even further based on
30 these findings, the inventors have additionally found that
electrolyte compositions for electric double-layer
capacitors comprising (a) a polymeric compound containing
polyvinyl alcohol units of general formula (1) below and
having an average degree of polymerization of at least 20,
35  in which compound some or all of the hydroxyl groups on the
polyvinyl alcohol units are substituted with oxyalkylene-
containing groups to an average molar sﬁbstitution of at
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molecular chains on the polymeric compound (A) are '
intertwined with the three—dimenéional network structure of
a polymer obtained by crosslinking the above compound (C)

20 having crosslinkable functional groups and which contain
also the above ion-conductive salt (B) have a dramatically
improved shape retention. Because the matrix is amorphous
rather than crystalline, such solid polymer electrolytes
have a high ionic conductivity and a high tackiness, making

25 them ideal for use in electric double-layer capacitors. The
inventors have found as well that electric double-layer
capacitors arrived at using these compositions and

-

components have an outstanding performance.
Accordingly, a first aspect of the present invention
30 provides an electrolyte composition for electric double-
layer capacitors, characterized by primarily comprising (A)
a polymeric compound containing polyvinyl alcohol units of
general formula (1):

+CH2— (l:Hﬁn— (1)
OH
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abeve &5§§%ﬁ'fornula (1) and having an average degree of 10 polynerization

of at |east RGhimd ipdce ospotiel BovEneioR! provides a solid
polymer electrolyte for electric double-layer capacitors,
characterized by having a semi-interpenetrating polymer
network structure wherein molecular chains on the polymeric

20 compound serving as above component A are intertwined with

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

25 A fourth aspect of the invention provides a polarizable
electrode~-forming composition for electric double-layer
capacitors, characterized by primarily comprising (A) a
polymeric compound containing polyvinyl alcohol units of
above general formula (1) and having an average degree of
30 Ppolymerization of at least 20, in which compound some or all

of the hydroxyl groups on the polyvinyl alcohol units are
substituted with oxyalkylene-containing groups to an average
molar substitution of at least-0.3; (D} a large surface area
material; and (E) a conductive material.
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primrily : olymeri¢ copgpound contai ning polyvinyl al coho
units of g@ggggggkgg&ﬁnf8%nﬁﬁaa%ffta§8'hé iHB?CBnGQWEPﬂﬁa gegeeeropldo

pol ymer i z&fi $heohydrokgasygra@psi onwhhehpedyponpd 5088h61 8hktsohrkhe

hydr oxyl h | yyi Lcohol units are, substituted with
oxyalkyIe%g?gg%?%?ﬁ?nﬁimﬁoé%ggggygﬁﬁgﬁ8?3 glnﬁ39a9f938§t?Pu?PoﬁvﬁFag?

| east - 0. 3MOLpy &ubﬁtégugiﬁnacé atedeagiit 81 Bal (Cand ¢Bnpaunandaetinge

)

materi@l . créss1iAkdBNEAEYN2P94nAsf | $p f1LAgsl L.gnpLovi des a
polarizablet el.e trode-fo?ningncon%%épPgén?gzrgeFég ?i%xggéﬁﬁeaES?er
capaci t or ¥ €hdPact BPAzE8) by FPRABPtiyecwabersahg (A) a pol ymeric conpound
contai ni ng pol vemykthahepbet bR tEeOindeaboyR ﬁﬁB@F&ésfgrthﬁrﬁ%hbiﬁd
_having an ge_degree o ol rizatjon of at least 20, In I'C
-Né efdbtPdde ‘BPogHadn bRogdsE .
.conpound SONE OF . al FCPfe PRy aPBkyRIgFBEpROSATLRRP 8| §deAErodRcohol units
are subsEpruing abmhosiyibhyhencerdongatoi thegaboPs FOuREhawer @ge+nhnol ar
substjg ut 58P f &F %ﬁ st ) opgpound _having. 10, crosslinkabl e
functionalggroups; D an?gﬁgégéh? ggegggggre tg??ﬁ??tgﬁd (E) a conductive
‘material . A seventh aspect of the invention provides an electric

double-layer capacitor comprising a pair of polarizable

electrodes with a'separator disposed therebetween,

characterized in that the above-described electrodes are

20 used as the pair of polarizable electrodes and the separator
1s composed of a separator substrate impregnated with an

ion-conductive salt-containing solution.

An eighth aspect of the invention provides an electric

double-layer capacitor comprising a rair of polarizable

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

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

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

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



A sixth aspect of the invention provides a polarizable electrode produced
by coating the polarizable el ectrode- form ng conpositlcn accord to the
above fourth or fifth 15 aspect of the invention onto alt | ector.
A seventh aspect of the invention provides an electric double Iayer
capacitor conprising a pair of polarizable electrodes wth a separator
di'sposed n r d - - e | be
eIectrode%E§%g9§%¥€8 %°m§8$%€£%§|¢g§ eig‘%ﬁﬁ%d%gfbf$ $¥ é%gééégﬁﬁfs
separatorOflth@oﬁbggedfbrsa sepachtof EMQsimv&milmmregnated with an

I on- conductiveas o] NGe S t [ e nvention
provi des an eléc?%#gﬁ %%gﬁ?t ?%ygégc%£§%|€¥?§ %ﬁ%?%@%%gg%.gg?¢€§%é
poIarlzabﬁ@ubgeeléﬁﬁFoﬁéﬁaﬂiiﬁraC%@BE}%}@@ @lB@bEe@fth@l@bk¥@béﬁ

char agf erezedtraaébamtﬁeaaééy@rdﬁéfrai) §é&%l‘i@f‘§§e%§enused as the pair
of polarlngle el ectrodes and the se or is conmposed of a separator

subst r at e BE?EHeBFZ?ﬂpFBgF%?Edth%A?hOY%éd%$%E%P%¢y?%e%Bﬁ%@§Ft?5% for
el ectric dQBhIaslaherpéﬂrCaﬁapblafizﬂﬁléh@l@b@f@désréﬁdothéeﬁéﬂﬂraﬁﬁﬂCt of

the inven of the inyention provi lectric

doubl e- 1 e Scaphifl BrLeBRR Flefbealiee rEF niPaPF ot ietolR Eebhes "wi th a
'separ at or cdpapbdtedst hecebhdingeho €bechbowet thirédaspethadvft hihe '
aboverfesgribed;ghectrodes are used as the pair of polarizable el ectrodes
and the separator is a solid polyner electrolyte |layer conposed of the .
17 January 2004 el ectrolyte conp05|t|on for electric double-layer
capacitors of the abo & £ Spb j § A tenth aspect of

t he i nvention ErOVIdeS an_ el do ayer capaC|tor conprising a
‘pair of polari éﬁre15lﬁlEEFro&e§M%|FHe§t§€HaP t tHe di sposed t her ebet ween,
char act er azhgdiroxypabpyhatabopeigesayibalcehett pedparafeinusgdthestibe pair

of poj.ari | ectr.odes and the separator is a solid polyner electrolyte
for #%ct%%ghﬁ%gb? 9%ag§? 12 %Bg%?Brs according to the above third aspect

of the o invention.

e ode f ing Out the Inventi

The invention is déscribed more fully below.

The electrolyte compositions for electric double-layer

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

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

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

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

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

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



Brief Description of the Draxinga FIG 1 is the "C NW spectrun1of t he
dlhydr oxypropyl at ed pol yvi nyl al cohol prepared in Synth anpl e
of the invention. Best Mdde for Carrying Qut the-Inventi iﬂa'#%% ention
| s described nore fully below. The electrolyte conpositions for electric
doubl e-l ayer 20 capacitors of the invention have the following first or

composed Brerage I SeoteE s BORMERLA S Ap Rt Y s igfBRe
chai n- beathany 2 po0gyiayd espetbdllyins, higiex Bjham 20N- cdmlmca\'rev.mgml t. 25
The secolb@Ectae| Y Brf@RPASELLA L Lo FOMOseth BB bl (Mloage
pol ymeri c_conpound ng ox |'ene™" chai n-Beafi ng polyvinyl ‘? ohol

units, (B} e@ﬁeeomfcmbmww@atsqm Bolynieyia compounds Heitngtee debgh nkabl e
_ functgona& d&@ﬁé@wef390i%ﬂe£i£§£18ﬁeﬁ£€8|aﬁe 6@@@§i§%f %ﬁﬂ electric

doubl e- | ayer capacitors of the invention 1s descri meric

conpound RFH s ‘E%h%ﬂeﬁ’{‘e% ALRELFRLET TR IhsRdle - alwdw ¥r and has

an averagm@lesgaiw@e ofn ﬂ@éyaagra@tcﬁnp@imaériﬁaﬁioﬁols PhEL £S5 Yy At rdfast
30, and %? eferabl st 50. Some or all of the hydroxyl groups
Vi

on the po I%?Wﬁme%ﬁ?tgn E% substituted with oxyal kyl ene-cont ai ni ng
groups. The upﬂm& dbove polyhengY dacochoy &ﬂﬂﬂsav&kag@pdE@éeBackbone

P oher 1 1 08, BeRERaELe bbb AEa maRE ke SO BRI ETEREHRI L o e

nunber - avkormela delt ee of polynerlzatlon Pol yneric conpounds with too high
5 a degree of polynerization have an excessively high viscosity, making
.themdifficult to hand e Accord gly, the range_in the degree of
_polymerization is pre 7%1'20 to 500 ‘Worfdheric units. The.above

‘pol yvi nyl al cohol wunit nake %P t‘He backbone 10 of the pol ymeric conpound
and have the followi ng genera@Hformula (1). '

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

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

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

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

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

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

-10-



~CH2-- CH ... (1) I n™HIn fornula (1), the letter n is at |east 20

preferably at |east 30, and nost preferably at |east Sg The u5$hg
linmit for nis preferably no higher than 2,000, and bdanyary, hi gher

than 200. It is highly advantageous for the polyvinyl alcohol
uni t-containing polyneric conpound serving as conponent A of the inventive

conposition to a ho 20, satisfies the aboye ra e in the
aver age degree % ggf?%ﬁg%ﬁﬁp§¥}vﬁﬁ?ﬁpﬁkﬁpf et? | yvi nyl

al cohol ualeshoh uhetanbﬁcuhe pelatetrbastodfound Servioyexercompensnad al so
be made o t Vi n al coho

unit- contg|%¥%ggg%%§%€§%%&2 $%ﬂé%@§%§ﬁ' %%gé%?§n?h%r%58§e range in the
average (BQFeever, p%¢WﬁE¢fzbh¢OMY@ndgﬂmvmtem$m¢wvtMg$eabxphbkylénact|on of
pref erabl yrabob ey 60 S0bs Pl @il Pith WYEISLPP yralplPaph 48 MOl %

Il lustrative exa es includ yVvi ny some of the
hydroxyl BYBERIe JAOLRE %@bﬁ%}?q %fc@hole%%VGOb%en Teavererartbonor mal |

modi fi ed opohy@i6yyl aheoRes Ssﬁlﬂsﬂ\bt@f'eéqli@tﬁf :&f‘&l}@yﬂéﬂé%oﬁ’é&ﬂﬁn n the
ponV|nyI Icohol have_been_ al g ited olyeth ene_. vinyl al cohol ¥
C I

bart i al | yIERiR $7 B BEP5aPHY| abcleart, SAHOL of herNAoRPFE B ERTOP
al cohol s. at?ldamuasq me04% Sone or all of the hydroxyl groups on the

bre AL ot oG aPPhage et 8F LR PERRF1 G PP oo e e e BRrRERRA o ¢ e
hydr ogen BfoﬁﬁcﬁmﬁtﬁbEem©a$@rkwgeﬁbe5wg1@mpsoﬁayh®epehpsinymtaMcmhbm
hydr oxy! ?éa 500 96ne WE1 0L P! Bl SHOILLIH] ,gﬁoa gt lpgst,gQ. 3. The

proportlon droxyl grou Ry ené~Gontai ni ng
_groups |scﬁ?%%%?%blﬁoﬁte¥%%3 Oan%@S@blhﬁ@hﬁﬁhelﬁrﬁf@faBV% igt | east 50

ml % 10rdaetsed enage eﬁhﬁleﬁgb@kiaétl&@d(%@ $8ighe get enai Eégulbing

accurﬁgelyvﬂﬁggg{+gglégelgeight OfTﬁQeP A ¥H£€g|h2$gogﬁg formula -
(CH,CH(OH) }~, and so their unit molecular weight is 44. 1In
the PVA derivative obtained as the reaction product, the -0OH
groups on the original -~(CH,CH(OH))- units have become -0-
(CH,CH,0),- groups, and so the unit molecular weight of the

20 reaction product is 44+44n. Because the increase in weight

associated with the reaction is represented by 44n, the
calculation is carried out as follows.

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

Hende, the molar substitution in this example is 0.5.
Of course, this value merely represents the average molar
30 substitution. That is, values such as the quantity of
unreacted PVA units on the molecule and the length of the
oxyethylene groups introduced by the reaction cannot be
specified in this way.
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charged and the wei ght of the reaction product. Let us consider, for
exanple, a case in which 10 g of PVAis reacted with. | ene | de, and
the weight of the resulting 15 'PVA derivative is 15 g?$$%@@@W¥ﬁﬁnts have
the formula (CHZCH(OH))-, and so their unit nolecular weight is 44. In

the PVA derivative obtained as the reaction product, the -OH groups on the
original -(CH2CH(OH))- units have becone -0- (CHZCH20)n- groups, and so the
unit nol ecul i yhefg eackhy r gd _i s44+44n. Because the
increase in welg tghé§?% icat dQ%#th Hg eacy isC e Qesented by 44n, the

calculation is carrie ut as follo PVA/ PVA deri Yative = 44/ (44+44n) =
10 g/15 g 25 440 + 4 660 n = 0.5 E%nce, the nol g substitution in this
example is 0.5. O course, this vaI%% merely represents tchépaverdge nol ar
30 substitution. That is, values such as the quanti of unreacted PVA

units on the nolecule and the length @H the oxyethyDene groups introduced
by the reaction cannot be specified in this way. 1% January 2004 CH2- CH
CH2_ CHCH2-- CHI I I +Y_ OHOHOHO OH M =0 it M5 =1 unit M5 =2
units Average Ms = (0+ 1 +2) /3 = 1 a+13+y' 1 Exanpl'es of suitable nethods

for introduci ngM®xyahkitl ene- cI8 & niuAfl gr oupwisort ®yukine above pol yvi nyl
al cohol unit-containing polyneric conpound include (1) 5 reacting the

pol yvinyl al cohol unitgen @ih@g,ng @r)]hyznzs_g izﬁz)eé%or_rpi)und wi th an oxirane

conmpound such as et hyl ene Bxi ¢ting the polyvinyl alcoho
unit-containin pol yneric conmpound with a pol yoxyal kyl ene conpound havi ng
a hydroxy-r eab¥fypplegbefi sudhabie mhthedd. for imtroducing

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

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

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

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

15 as shown in the following formula.

PVA—(CH,CH,0),—H

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

PVA— (CHZ?HO)b —H

CH,

13-



10 I n above nethod (1), the oxirane conpound nmay be any one or conbination

sel ected from anong et hyl ene oxi de, propyl ene oxide an
ethylene oxide is reacted in this case, one or nore oxy 3?’3}1%&%& nis

i ntroduced onto the polyneric conpound 15 as shown in the foll ow ng
formula. PVA-- (CH2CH2O)a -H In the formula, the letter a is preferably

from1l tog froml1l to 5. .If propylene | de |

react ed |nrg'?te%%@%1r@9%ér ﬁ{DréeejZ%?%)xyp oﬁl%eefeﬁf’eﬁw jgstqpni (r){'tﬁj ‘i t he

" pol yneri @%ﬁmm@r@hlxmmlmvspw-(mzu@)b H1 CHs 17 January 2004

In the formnul I | Y 0] nd

pr ef er abl fr?n?%hlﬁ% %i}‘%%@ll f%?ﬁé&g"{ﬁa&l Stv%cégd%ei'naéh%dl c%ar%chgﬁgssc%q ns (1)

and (2) &b 3%R rvieeduesd nte ’%hﬁmmmnpurat sdrﬂ)vwhct}ei dweldsv Reaction of a

hydrosyl gr oumé&bﬁﬂsh FM\ d\ﬂﬁfaﬁ&mdﬁ ‘f}ua{ iﬁ: cifof Wo ways:
0 one yC|doI nol ecul™® ¢

a attack or b att . e reaction reates t wo
new hydr&d 1Pt l%a%l RET @ chve Ay sy tLﬁfrﬁW@ﬁt oF th atia@t dol . As a

resul t, tee tmdnidm%flgorm aFohetichaidediid Orédtbd 2w few Nt roduced

onto the Miﬁo sof \{&nlts aattack PVA- CH cn7CH PVA--O

( CH2CHCH %4" Py AL LUTR FRaPoWwIEh crpoH PVA- OH
hydr oxygkyeigoln Mmm&s@t--tﬁﬁ%ﬁ@dﬁ@oﬁ&ng Katched ichdhd) vy -

CH20, (1) and (2) are introduced onto the hydroxyl groups of the
PVA units.
a attack
'{/’-_‘\‘
PVA—OH (S5 \ P — PVA—0— (CH,CHCH,0)—H
b attack
OH
.{/”—\\*
PVA—OH SgANH —— PvA—0— (CHCH,0)—H
CH,0H
PVA—OH : hydroxy group on PVA unit
) — (CHZ(IZHCHzo) x—-—
O__
2y — ((IJHCH20) y—
CH20 -

In branched chains (1) and (2), the value x+y is
preferably from 1 to 10, and most preferably from 1 to 5.
15 The ratio of x to y is not particularly specified, although
X:y generally falls within a range of 0.4:0.6 to 0.6:0.4.
The reaction of the polyvinyl alcohol unit-containing
polymeric compound with the above oxirane compound can be
carried out using a basic catalyst such as sodium hydroxide,

20 potassium hydroxide or any of various amine compounds.

~13-



I'n branched chains (1) and (2), the value x+y is preferably from1 to 10,
and nost preferably from1l to 5. 15 The ratio of x to y is not artlcularly
specified, although x:y generally falls within a range? Bﬂamﬁwygﬂ

0.6:0.4. The reaction of the polyvinyl alcohol unit-containing polyneric
conpound with the above oxirane conpound can be <carried out using a basic
cat al yst such @% sodi um hxdrOX|de 20_pot assi um é&FOXIde or any of

various am ne £BRpbEAGEIOR 18T 190SERinY] 2beohahavi BaceI¥RLEP1 pbE yvi ny!

al cohol wiebcpiyeddbelon adeéﬁriDEdsbﬂé@ﬂV@Seﬁ&m?iéUftFﬁgéﬂe eﬂanp:e
vent _an ny

Fi t, th t | h t

aigghol f?65§f§3{9§§§§if$g|5ﬁﬁggﬁ$ eﬁgﬁgafﬁleﬁ% t g PR 5X$icohol to

di ssol ve @&ahcohelsol ¥enis ﬁhatessenthalpnhyVhﬂglca@écﬂ@@ltnaypbﬁy@iﬁﬁﬁnt in
the. o9 venioshbieto! AiBsHiLLOL Yoo thspLued Shale o g suspended state

A gi ven anoun asic cataly e, Iis
added" an@1§9h®iemafobeapmh$eat|nnothhlsoiweutlenthénlimmnngnmﬁormlylo

gl yci dol éikgéfﬁe&ﬂéhaéesekvﬁﬂt '§u%ﬂQ§&edR§@§£éon As%ﬁééﬁ %ﬂoﬁﬂ% gk @

gi ven tenperature for_a given me, after yVi nyl
al cohol ¢ PambGetatpivehe SEGhyésn9quape§h@odigmphﬁééﬂxlﬂpthnﬁ aﬂ@ed

reaction anatgtgrréd e8¢ aSehved iﬁfﬂlthisl§o§69§6ﬁte§oﬂi$wéﬂ fichiERt i on
e ot er ? pol yvi nyl

15 f
arconst | 8P Eaat auLGFen: RitRoar Balvenh Afxedf8a” | RercthphcARi talod out

of solutloarbye@ouutngtaa givehotemperathEE 5urtabb§veﬁemeﬁgtntbﬂg agent

to th t | h.th t at ted off
50 using SRFcIBFER UM LAY BELEVANRL ALPReR SR Poufhen. S REDRRE °° °

. product |Bogﬂviﬁdeabyobbésbsupreaenh watbin hketrebtctaohomixandeeinher
Passage | @hausho del OforfiXCHENGE s%@%k&t@ﬁ gee ¥3' 211408 PG LbRMgPEOAUST

Is then freeze- dried, giving roxyprog pol'yvi nyl hol
In the redtaFsntitheT mofar ?ﬁﬁmﬁlﬁetméﬁn PRe é@l?@hﬁylhaaﬁﬁoﬁb? and t he

_ oxirane cpoppuinylsapeehelabkydls#fivaadyiensh Phefeeabt¥or: A9xture,
it is precipitated out of solution by pouring an alcohol or
other suitable precipitating agent into the reaction
mixture, following which the precipitate is separated off

20 using a glass filter or the like. The modified polyvinyl
alcohol product is purified by dissolution in water,
neutralization, and either passage through an ion-exchange
resin or dialysis. The purified product is then freeze-
dried, giving a dihydroxypropylated polyvinyl alcohol.

25 In the reaction, the molar ratioc between the polyvinyl
alcohol and the oxirane compound is preferably 1:10, and
most preferably 1:20.

The polyoxyalkylene compound having a hydroxy-reactive
substituent at the end used in above method (2) may be a
30 compound of general formula (2) below

A—R0), —R’ Q)

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

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

-14-



The pol yoxyal kyl ene conmpound having a hydroxy-reactive substituent at the
end used in above nethod (2) may be a 30 conpound of general fornula (2)
below A -(R20)m --R3 In fornula (2), the letter A represeld¥ayy fifibval ent
substituent having reactivity with hydroxyl groups. Illustrative exanples
I ncl ude isocyanate groups, epoxy 35 groups, carboxyl groups, acid chloride

001D, S SEELLS0 A A L AT B S5 50

brom ne an ["or 1 hé con-pear|l ng reac Ive
substit uémrsovwmmmmw ecmp@brb@tmf mcstxmg)abi’@l diydeeyl ng wi th

hydroxyl ges@ps. ¢F these, W@ﬂ?ﬁ W@_ﬁ;ﬂg@é %rmi
chl ori de re preferred fo elr reactrvr car xj%ggroup

oups a
may al so C%%l A& | APy RFUPrefREred rier cehedr gﬁ%ﬁ@%l‘ax*‘e‘lnet hyl ester and

et hyl sester grsiRSartiafD| @Sowh may tabse ﬁéla&%maéﬂﬁggdff@ét I ve
substltu§¥9§$|n0h¥de substituents having terminal SiH or _ S OH groups. 10

The hydr VE TR OWPEORE 1RER MebRYheseeBraned RiEy 1l e§tee bonded

di rectly gmoupe. Oerylﬁeo?rmtpt&:B@ spllémmlﬁ@rrmb T& an

i nt erveni ur C ou oXy group,

nltrogenéﬂ%)group §§ 330 *ﬁ? S?RS€}§§39€Sph$? %§ fh} %ﬂ éi% A oup.

Pr ef er abl|34.0H rgradEpshy dr oxy-reacti ve group is bonded to the oxyal kyl ene

grou R20 t hr su S Ikenylene or
Ao mf&asg%e%gca o D SUGHoR S 81 géég{é

aryl ene group especi at carbons

Exanpl es ¥R7°%Hi ﬂﬁ(X/ Q‘(y‘l"éﬂf@e@ @kmcbbfartfhgthﬁl@xyglwmne 2@-‘@%5&1 Quent A

that may d¥e tisshagh £ E@ﬁ é);E Td S LRt PhEevOYing eé“ri &Y PO SOcYARAL €
conpounds at th droE grou on a pol yoxya  ene group. |socyanate

" gr oup- bedtt Q?@HPnaﬁaB ORELOKY nIXPHR- c%% 9%%?%@% %Bﬂ%%unds
gavi ng t vrba.og ,mmze- j SO0SRY)at,e ngrcglt-:lp)S- progt {Eozlngh:eegl e, Pi"léihr{:lgiyas thel yl ene
Il sqQgya | na ne diis nat e
dlphg§y|gg%§%ﬁ%y f%%%?g%diggy |ﬁ%eny @%@ PX s oxyafkyf ene “group
R0 through an intervening group such as an alkylene,
alkenylene or arylene group having 1 to 10 carbons, and

especialiy 1 to 6 carbons.

Examples of polyoxyalkylene groups bearing this type of

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

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

30 such as may be obtained from the following reaction.
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di i socyanate, diphenyl ether diisocyanate, tolidine diisocyanate,
hexanet hyl ene di | socyanate and i sophorone diisocyanate,_For ex &@bﬁ, use
can be made of conpounds 30 such as nay be obtai ned froﬁ?ﬁﬂ%ﬁng i ng
reaction. 17 January 2004 HO (R20)m- R3 NCOO In the formula, R20 is an
oxyal kyl ene group of 2 to 5 carbons, exanples of which include -CHCH2O ,
-CH2CH2CH2O- 1 - CH2CH (CH3) 0 - , -CHCH (CH2CH3) 0 - and - CH2CH2CH2CH2O
. The letter 5 m reaﬁgbs t hesnunber of nol es of the oxyal kyl ene group
that are added. THR*§ ny m~of Madded noles (nm) is preferably from1l to
100, and nost preferably from1l to 50. Here, the pol yoxyal kyl ene chain
represented by the (RRO)mis nost preferably a pol yet hyl ene
glycol 10 chain,oy N0 P Pﬁéﬁl chain or a polyethyl ene oxide

(EO / pol ypropyl ené "0oxi § effol y chain. The wei ght- average

nol ecul ar wei ght of thege pol yoxyal kyl ene chains is preferably from 100 to
3,000, and nost preferally within the weight-average nol ecul ar wei ght
range of 200 to 1,000 gt 15 whj the conpound is liquid at room
tenperature. R3 ip , j§ @ capping noiety for one end of
the chain. This represe gen atom a substituted or unsubstituted
nonoval ent hydrocarbon droup having 1 to 10 carbons, or a R4ACO group
(wherein R4 is a 20 subgtituted or unsubstituted nonoval ent hydrocarbon

group having | to 10 ganp | lustrative exanpl es of the substituted or
unsubstitut ed nONOECHT ‘[r o@raa g{i—@u@zo)gv'r—d'\:fl to 10 carbons that
may be used as the capprrmg

DI €& i & llude al kyl 25 -groups such as nethyl,
ethyl, propyl, isopropyl, butyl, 17 J&huary 2004 isobutyl, tert-butyl,
“pentyl, neopentyl, hexyl, cyclohexyl, octyl, nonyl and decyl; aryl groups
such as phenyl Int thgl foamdlay| ¥i0 i alkyWxy@kidessdrasp ehzylto 5

e o) "¥hrBOfls, POSRXPRLPYE: WRLER"YhoBQEPRCAISEO YERltn, GO, -
CH,CH(CH,)O-, -CH,CH({CH,CH,)0- and -CH,CH,CH,CH,0-. The letter
5 m represents the number of moles of the oxyalkylene group
- that are added. This number of added moles (h) is
preferably from 1 to 100, and most preferably from 1 to 50.
Here, the polyoxyalkylene chain represented by the

above formula (R?0), is most preferably a polyethylene glycol

10 chain, a polypropylene glycol chain or a polyethylene oxide
(EO) /polypropylene oxide (PO) copolymer chain. The weight-
average molecular weight of these polyoxyalkylene chains is
preferably from 100 to 3,000, and most preferably within the
welght-average molecular weight range of 200 to 1,000 at

15 which the compound is liguid at rdom temperature.

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

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

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

25 groups such as methyl, ethyl, propyl, isopropyl, butyl,
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5 i sopropenyl, butenyl, hexenyl, cycl ohexenyl and octenyl; and substituted
groups in which sone or all of the hydrogen atons on th? above oups have
been substituted with hal ogen atons such as fluorine, bf daRyReY ‘%hlorlde
cyano, hydroxyl, H(ORZ),- (wherein R2 is an al kyl ene haV|ng 2to 4 10
carbons, and z is an integer from1l to 100), am no, aninoalkyl or

phosphono cific anpl.e S substituted.groups in

cyanoet hyt %g%o’o fﬁ‘z‘% “Bu tgﬁ‘bstplelxﬁ%Ygd br %éwljvyﬁ&iogmﬁ%ﬂded

Eo_, 19|t her caiﬂg/l gmngis_rh ar@lde{)oymt h%tl:lyl @ﬁmpmmmﬂ ,r?bsblmimfyut hyltcﬂf mt 15
rifluorag e e Jsed al one or as i.nat i-o 0 or nore

t her eof . %8%1%1\/’ala}rﬁl% é}pﬁoﬁ“&&’o@ﬁ )}er{ﬁ’éﬂhaa&ﬂ g froml

to 8 car @T@YIDHQMLataN@r@dargﬁoezspmfsmC@s g:rfmxis, taﬁdtylrmypmzpamdd as

the cappig, hosg, #éﬁq

unsubgt i t'ut e%%r%é%a'l gdr#&% cil'roca’{)éhr}yfg}r g%ﬁ%r@e?mj L&;ygr#p S o?é[l}%l

i ncl ude aFWE8 tigrusct ganoup=ougs wwﬂrchsqmy Cma ashib tf thheedlml‘tqgé‘dyano acyl

groups, henzylon FRHAR LA SRARY rf%stﬁ%ﬁ&f‘ﬁlﬂ{‘ HdLdgddod (2)

bet ween t he above-described ~ 25 ponV|nyI cohol unit-containing polyneric

conpound RIS HICT RS 1T e PRI Y IGHETE SomBIRP havi ng a

hydr oxy- hif@estye, SWOH)vefthateilerenE Y iRk ydam %v@.lﬂg in tdchet sane
manngr - as, t e reactl n carried, qut with an .0 ound in method (1).
301 0 et o fnd e TRl TIRet bR i IR Ly AAEO 2 conol and § he

pol yoxyaldmirwaellqomxwrxﬂld@hmg:a Sraific reseatp Mes smbssud:hlent at the end

ot ot ur S T RN eddbs el e Dot e

_oxyal kyl eﬁi@b%*@htlaterﬂ rﬁf@@p@ Hdmrbe@rﬂncv ks dede ok oo‘q'dwyvalﬂyyl al cohol

units car% g@rléﬂf&:d}yet TORYromM tISFRRAE, as shown in
FIG 1, t January 200 3C— NI\/R spec rum (DEPT spectrum neasured using
a VarfPan Wh&E Bhect ThARSE 4127 \Pe 35D 20RO AT eFipPHpations

di hydr oxygqt Olpw ainedncpcé yehienofl COrgd rideepwd Bsh byhy@&bctatigon group is
preferably one having from 1 to 8 carbons.
Illustrative examples of R*CO- groups that may be used
as the capping moiety include those in which R' is a

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

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

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

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

The structure of the polymeric compound of the

35 invention in which oxyalkylene-containing groups have been
introduced onto polyvinyl alcohol units can be verified by
C-NMR spectroscopy. For example, as shown in FIG. 1, the
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pol yvi nyl al cohol wi th glycidol includes peaks- for PVA and 5 peaks for

t he. di hydr oxypropyl groups originating fromthe glycidol. The extent to
whi ch the oxyal kyl ene chai n-bearing pol yvinyl al cohol ih#anueen2eiti ng

pol ymeric conpound serving as conponent (A) in the invention contains
oxyal kyl ene 10 groups can be-determned in this case using various
anal yti calsnat ni_gues._suc NMR or el enent al naI sis, _.although a nethod
of detern1ﬁéﬁﬁ§ g gﬁ“@n?PﬁngﬁPﬁﬁgrﬂw meAZURSH e nE ndr Yrhiar gxgeactant
and the i3@0eckMR speekrghétenf whéhpmxymﬁrth@rmadv@ththreactlon is sinple

moasur  not YA b POl e LA PREr L 4 S T o R R Ceatnd o' o

pol yner i cPebypbuvll ahaehell whth ghECIQthlmm&uém@ péaksefght PR ame
oxyal kyl o b I B I uny 0 ric
compotnd B ne 1 rom ChEr 3t earoreh, SEndee IEHAFR G PRI o
cal cul at e9ipeid glantity of oxyal kyl ene chains that have been introduced

onto the nolecyhé ék@éﬁfrﬁé &Hl@ﬁrﬁhéa$ifﬁl &HS CRYSH 2MEariRGar

substltut|0£ he average nolar su stitutron serves here as an
25 i ndi cabd Y6$n¥%ea%aﬂB%% BRihpPRRtaining PRIYBAELG coPROYRA SCREVRIbeen
|ntroducedsocbmpbhenﬁD[R¢Uiﬁ ﬁﬁé ynﬁaﬁtﬂbﬁoaahtayﬂgtoxfalkﬁﬁeﬂélynErlC
conqupd §£06€ |nve 8 gvera nD ar substltutlon nmust be at | east
0.3, -and reTer ﬁfe¥@ég? CHTRI BT AP yVAFLPRAst 0.7 and 30
nost pref@nabyyla@lléashniqﬂeshbuphrascuMRronp@beméntal asalyapesed on the

average g} ghoshfiShl hUEhGR: of| ABPUBR: Aok PbN a0k BLOPEL §DRGNECoES

preferred. Too I'ow an average I On nay resu
“ipabilitythe Ppiviern ebangedi 98 sareacbant s@mﬁv’ehel bnerease Wpbweightand

lower 35f08hé £ éirlfb%MedCBytBﬁe%ééét*ﬂ@ﬂdls'E%ﬁi‘é'&ﬂ the average
nmol ar_ substitution a certain level fails to 1/ January _ 2004 yield

ey
any fUrt hg?™ Eﬁ%ﬁﬁ%trn ?ﬂE gﬁ?ﬂB%Prt§hﬁryh%%@Im?¥ BP d?ﬁérmbﬂeéoﬁﬁuctlve
sal t. and psethsslponetbasingDependihg woight 6¥etRgepdeguvesydf alcohol

p0|yner'zﬂﬁieﬂcoﬁggining polymeric compound charged into the reaction

- and the weight of the oxyalkylene group-bearing polyvinyl
alcohol unit-containing polymeric compound obtained from the
20 reaction, then using this difference to calculate the
quantity of oxyalkylene chains that have been introduced
onto the molecule (referred to hereinafter as the “average
molar substitution,” or "MS").
The average molar substitution serves here as an
25 indicator of the number of moles of oxyalkylene groups that
have been introduced onto the molecule per vinyl alcohol
unit. In the polymeric compound of the invention, the
average molar substitution must be at least 0.3, and is
preferably at least 0.5, more preferably at least 0.7 and
30 most preferably at least 1.0. No particular upper limit is
imposed on the average molar substitution, although a value
not higher than 20 is preferred. Too low an average molar
- substitution may result in the inability of the ion-
conductive salt to dissolve, lower ion mobility and lower
35 dionic conductivity. On the other hand, increasing the
average molar substitution beyond a certain level fails to
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oxyal kyl ene chai n-bearing polyvinyl al cohol unit- containing 5 polyneric
conpound used as conponent A varies in appearance at' roon1tenperature (200
froma highly viscous nolasses- like liquid to a rubber¥’ damyasy 2884 hi gher
the average degree of polynerization, the nore it qualifies as a solid
(albeit, a soft, paste-like solid) having a low fluidity at 10 room

t enper at h o | . dl ess of
its aver;irgie%iggggg h%( po‘%@nﬁ%ﬁ%%sﬂw énlgjf%ﬁ%ear poﬁ/neryqu% rat her
an anor phelig ponyaepducbive sabt andeks wimgeintleshi ghly branched

mol ecul ar Cha'Dépeﬂélﬁﬁeoﬂxiﬁék&#@f&g&h@é@r@@aéf2??£§ﬁé¥1£ﬁ%1@ﬁcoﬂﬁé uni t-

cont ai ni ngﬁ neri c conmpound used as_conponent I nvention can be
al

pr epar ed EhPRE ﬁ?@%%x?@a%b%ﬁ|P@ﬂYYﬁﬂ¥4mﬁl%@#9¥aﬁm%¥r%®n¥§$ﬁﬁ%% sone
or alls of pbh?m@:&‘ﬂé OuvhpoGh@UBSe@Na s NEoriBbREN o (+AES6s o Nepbaersngeof t he

renalnlng X h V|n alcphol units and the
hydr oxyl 058 ﬁe¥ﬂ%g%§9§?kkéémé gﬁg % BEBUpLSCORE (BHREEEBNt 0 t he
nnlecule)llhedlpqaiérablg ﬁﬁbbéﬁﬁts&ﬂldﬂD|TH@ Magheﬁnen@raﬁwr&gennovalent
substitue | egt d_or
insubst |+ SpaSsSE Raune AL ATERY  APhEIREF S DS ad e LS5 B8 0 Hat s,
R1CO groﬁpébemherelaOE&.|Baatsubsketaobudbrhﬂnsngsal1GWeﬂlumﬂhbyaaént

hydr ogAar begodl" P&ip an%u%g 10 carbons), R13Si- groups (Rl being as defined
above), am no groups | ami no groups and phosphorus-cont ai ni ng groups.

30 The purposelBe Eﬁ%ﬁmﬂﬁlﬁh@omyﬂﬂbiyﬁeEVbﬂﬁsa%nG?ﬁEOHGR?aﬂkyIene
chai n- beafegaragéyylafl1@gcabefa§elaegfaéabﬁlﬁglyﬂekiﬂstianOﬂEOHBQ gsed in

the invention with_ the abov stituents is two-f ol yner
ot o i R8T RO tkhSEn  PUE; SALRRE! on. AnareBARECPPIENes fhegPentRRL) g

cati ons ahdtentminingoas 1(:anhmgh;tyv\bi:hncﬁad| hyleeababi ohainsa

| o djel ect 11 Cuon3anticy BEhUTBIFRLEL L h8VEE1001LYS oNdHEL T Yhty. Because

ra|5|ng 17 Januar e po X |scourages i on
associ at i éﬁntéhalag nPPEymerifc cempeunﬁeuaeél ast cpowpebadtaAt in the

invention can be prepared as a capped hydroxyl-bearing
polymer derivative by capping some or all of the hydroxyl
groups on the molecule (these being the sum of the remaining
20 hydroxyl groups from the polyvinyl alcohol units and the
hydroxyl groups on the oxyalkylene-containing groups
" introduced onto the molecule), and preferably at least 10
mol %, with one or more monovalent substituents selected
from among halogen atoms, subsfituted or unsubstituted
25 monovalent hydrocarbon groups having 1 to 10 carbons, R'CO-
groups (wherein R' is a substituted or unsubstituted
monovalent hydrocarbon group of 1 to 10 carbons), R',Si-

groups (R' being as defined above), amino groups, alkylamino
groups and phosphorus-containing groups.

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

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

35 conductive salt, dissociated cations and counter ions
(anions) will readily recombine in a low-dielectric-constant
polymer matrix, lowering the conductivity. Because raising
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of the matrix polymer by introducing polar groups at the hydroxyl groups
on the oxyal kyl ene chai n-beari ng pol yvinyl 5 al cohol un|t cont ai ni ng

pol yneri ¢ conpound. (2) The second aimis to inpart thelpéaiuar 294 onpound
with highly desirable characteristics, such as hydrophobic properties and
fire retardance. To increase the dielectric constant of the polyneric 10

conpound 0 e first.of thes t he oxyal kyl ene

chai n- bea??%gb%g %&Fﬁy%EaF%ShBPlHWFF EBﬁF&FnﬁﬁﬁcoﬁapﬁﬁﬁrFenconpound is

t eact ed weEHOgiAFdroxyoneaatinvés tontnordase &ﬁetdl@agcthichtdhﬁtﬁhtend
groups ongieh p | u ol.ar substitu

Al t hough Phe%hﬁgﬁk§g§§ g°igﬂggtp§u§%%2°a¥ggnéog ﬁFsgrBHPﬁogg %E@ not

subj ect t33§ﬁ9XH&rSF9HP§r0P|ﬁh@apkwnlky&eQErahasnbbearmagtpo&yvhnga

subst i ut adcaho!n%ﬂh‘ﬁtbbﬂtsénlﬁanﬁﬁikﬁaﬁri@y%Bﬁ\%%gﬁ” groups having 1 to 10

car bons or R#%§> %rou s (wherein above) are preferable 20
to ionic $dB ué PQndIFlﬁeé§s§8r}mpé§$p¢hg payyaesdcheompanndedricht with

ot her SU|habheysdbsirhbiat§ha§H§be§§s%Eng sﬁEBUQ§ ﬁ?ﬂrﬁbﬁ%bi@‘?o groups.
0 confer

The secon [ appi ng nti_oned above,
hydrophobg BgrggggF 98 ﬁngl AEHEPEEnce to the 25 pol yneric conpound,
can be achi eveobgntieansethé, diemeeXﬁmpleonB%hﬁ&eBfaiﬁgspoﬁiﬁgkicgrOUpS

R1 h t t th
hycr o1 B agaCoR FRE BURy bEy FBSCBRBREnGE ERael esior FiBogen afons that

may be usBdYad YF\@HGSGh@mbsbaﬁuéng belgvinglluddcbhoar unet-boataneiaad
chlori ne. gﬁhgs 8hpbligasyls ngu ed_nonoval ent
poE#ﬂ c p d EQ EEEHESE FitHN3 Rg%g%&%agpacflys 8 carbons,

hydr ocar bon arou aV|ng carbons, and
_that may B8™HSBBRUaS0: RE BbgﬁptﬁbﬁthYﬁgpﬁﬁé enfegzanpsaont thee nent i oned

~above. Supbapheresaophpsund wheh BSqfiyBbShy bﬂsste@%ugﬁefexaﬁpl es given
e ose I n I C

?ggygggﬁ[sR?hégggﬁg ﬁbg%?fﬁ ﬁggr §Eb§F %ggégeégngﬁﬁﬁrﬁogoﬁblﬁonovalent
hydr ocar bBArBP8€pdraanohgsdibfectOtocaahgnparéidular limitation,
neutral substituents such as substituted or unsubstituted
monovalent hydrocarbon groups having 1 to 10 carbons or
R'CO-~ groups (wherein R®' is as defined above)} are preferable
20 to ionic substituents. If necessary, capping may also be
carried out with other suitable substituents, such as amino
groups and alkylamino groups.
The second purpose of capping mentioned above, which is
to confer hydrophobic properties and fire retardance to the
25 polymeric compound, can be achieved by the use of, for
example, halogen atoms, R.,Si- groups (R! being as defined
above) or phosphorus-containing groups to cap the hydroxyl
groups on the polymeric compound.
Examples of halogen atoms that may be used as the
30  substituent here include fluorine, bromine and chlorine.
Examples of the substituted.or unsubstituted monovalent
hydrocarbon groups having 1 to 10 carbons, and preferably 1
to 8 carbons, that may be used as the substituent include
the same as those mentioned above. Suitable examples of the
35 R’ moiety include the examples given above for R°.
Examples of suitable R',Si- groups include those in
which R' represents the same substituted or unsubstituted
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preferably 1 to 6 carbons, as above. Rl nost preferably stands for an
al kyl group. O these, trialkylsilyl groups, and especi tri hyl si |yl
groups, are preferred. 5 Additional exanples of suitabl é?éa%lm?@u S

i nclude am no groups, al kylam no groups and phosphorus-contai ning groups.
The proportion of end groups capped with the above substituents is

pr ef er abl joAbvhEast ﬂfdﬁ@ba%oﬂoéf/gﬂﬁ? P& el yt@tl%fgé%%érgsa .goénc% and

nost pref 90 nol | S even possl

er apl t | east
subst antiﬁf?geé?gii’hi TNl GRERPRS wi 2H aAbrveho R BYISHt Predereblyepr esent i ng
a cappi ngtandsoref ensankyal d¥odPO ot Eﬁeé@)ﬂwﬂaﬂpﬁﬁmt@ﬁé\%@re cases
e 1on-‘conduc

in Wnich.aﬁge abilit 1 mer to dissolve tive

of the. pol
sal t decrease%Sp%JeﬂiiliYI E’EH@WH%&% 1 FEPERDURE D PESERER@cul ar chai ns of
the pdl yner arkddappenali téRamplegedt as@ibabiY 3NibsE QML include

phosphor ug; t ad. Al g it is essential to introduce a _suitable :
anount of&gﬁlggtﬁﬁﬁeﬁg \/\%?}Fﬂzf?lgﬂ%gg?%‘f%s &‘&%&HO%E&M THARER TSI ity of
t he pol yn@FOumhi s anount, based on the total nunber of hydroxyl end
groups, is pr 9 9 e pbreferabhl 0Ota 95 nmol % and
nost preferab?gﬁé%i‘atlpo%ai(?rnolgﬁmé%eg%%ﬁ%i?%%%‘?gﬂje‘ﬁi ‘?h"’gb%Y%ctice of
the | nventoRtidbeents npstpreferally yat bsasiat @ muhovalmote hydr ocar bon

groupo |Ipresérahly caEXpERs£S50 | | @f%gz ,
cyanobenzlg)()fl n% %u stituent% ggd%l?ﬁ't ica(nlgd]gfégol%lr%ﬁé%yanat dgé ajri?/?tgr oups.
The use o afh%?a at ett bR VEER ROFHHR R aF D ARl r HRF tarkiathy azllytheet hyl

i n conbi nend ogreupd it e POwP SUSHt PSuedfd MBbdptsidyiihg Highly
propor it ooainynd it S8R CeetdE1a bRy PR RST € 2Lecially 80 to o7 mol %
of the cyanatiewersoy dherausy drioece bore grasgs, innvhpelel eiabiyiBi8p to 30
I S5 RO 10 el (B Rlcolt v Y Holbedll
cyanatedé%ﬁp all the hydroxyl end groups on the molecular chains of
the polymer are capped with halogen atoms, R',Si- groups or
phosphorus-containing groups, it is essential to introduce a
suitable amount of substituent while taking into account the
20 solvating ability of the polymer. This amount, based on the
total number of hydroxyl end groups, is preferably 10 to 95
mol %, more preferably 50 to 95 mol %, and most preferably
50 to 90 mol %.
The substituent used in the practice of the invention
25 1is most preferably a cyanated monovalent hydrocarbon group.
Illustrative examples include cyanoethyl, cyanobenzyl,
cyanobenzoyl, and substituents consisting of other cyanated
alkyl groups.

The use of a cyanated monovalent hydrocarbon group such
300 as cyanoethyl in combination with a R'.8i- group such as
trimethylsilyl is highly advantageous. In this case, the
two components are used in relative proporéions of
preferably 70 to 97 mol %, and especially 90 to 97 mol %, of
the cyanated monovalent hydrocarbon groups, and preferably 3
35 to 30 mol %, and especially 3 to 10 mol %, of the R',Si-
groups, based on all the hydroxyl end groups on the
molecular chains. Polymer derivatives in which cyanated
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17 January 2004 nonoval ent hydrocarbon groups and RlSSi- groups have been
i ncorporated together in this-way possess excellent trical
conductivity and hydrophobic properties. If cyanoethyl Efdﬂﬂg"%?gp4

i ntroduced as the substituent, 5 the nmethod for capping the nol ecul ar
chains of the oxyalkylene chai n- bearing ponvinyI al cohol unit-containing

pol yneri cg e mxin xyal kyl ene chai n-bearing -

pol yvi nyl ﬁ ﬁﬂ?ﬂ nﬁ¥ %ﬁé%rﬁf?%ﬁ% 89'%3 éﬁﬂﬂpﬁnPﬂvﬁnBﬁﬁﬂe and
acryl oni t ipFerpeyated bosekheun1ﬂxmmnmkwaychnsmﬂss|@Rbél&éM@ m xture, and
stirrin ted pol yner
derlvat?vggﬁﬁiﬁﬁ§%ﬁ %9@%%§€ﬁ&+egr%%%s é%%een |%€@@%ﬁ§% ontg sgne or
all of the S|dEfcﬁﬁﬂhgethﬁlc@SQEPSWEM@ Emtquug@®ums the swbsoiiicent as t he

15 substi tHeNhethbBESE y O%h £10P gixing the
oxyal kyl ene %Eggg?Peag?n% pol V|#§?Iﬂ#i ﬁd a%nlt- coﬁ%glnlng onnerlc

conpound @Y ¢ %E?Hnah%ar¥ﬁﬁrﬂ@%ﬂﬁ#nfhl%¢¢thlfﬁmﬂhgc%ﬂ

per chl or i poagihdraodcanpbisd ﬁ@fY@Bmﬁﬁiéé’ﬁ{&iﬂ@xiﬂéeox§ﬁfﬁyiéﬁétlng at room
ion mxture i s subsequently added

t enper at ug nder stir he, rea

toméol d \l/Jva erg #8?17?)9\5 n'BO@W "g‘PIYJr lé%i pitLt ecombaintng | RRLYBeFics
coIIectedcoﬁheupdeWLDhtéiexaﬁedﬁm@Oédﬁﬁlmm1afﬁl@ge%ddi%%nap@@dﬂﬁnonﬁedagain
i nto pat S gutralize i sodi u rogen
o borat bYATERIEURIGEION H (0o Rup Ol fomhd EE YR ERE Y SPFe e LT on
pl aced t bhet Reaction. maT@ls|Yﬂ@ué$y@|eY&W@eﬁ@yhmﬂedlp¢ygmdrmnth

i on- exchaggpsvel & 1f[hﬁhi81§%{réﬁ'&eﬂﬁyef' @ate OPLLfCl fErofhfagd W Ih

.water, then dried in vacuo, giVing yner erirvative.

\Cyanoben289F°g?%%%soﬁaﬁlke°$th%d%%@% %%ai%% substltuent by a met hod mhlch
invol ves, for Exaopses mesr@gacébflogmhﬁylm £hE-HAReaE1 88 BRLYVI nyl

aoona kb OILALY PO LC. COTROYTA N LD dhoxane, 20ding pyeLdine,
sol uti on thetbxyatkutend abaingheaning eppkyainy®, abédksl whhith-the reaction
m xture i 8oRPH{RInG "bO1ymeric compound with acetic acid and. methylene
chiloride, adding agqueocus perchloric acid and acetic
anhydride to the mixture, then reacting at room temperature

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

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

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

35 dioxane. The solution is then reacted at a given
temperature, after which the reaction mixture is péured into
a methanol/water (3:4) solution. The precipitate that
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a net hanol /water (3:4) solution. The precipitate that 17 January 2004
settles out of solution is collected and dissolved in 2+

di met hyl sul foxi de, foll owing which the solution is placéfiPRay2ap4 sis
tubi ng and dialyzed. The resulting precipitate is collected, rinsed with
wat er,-then dried .in vacuo, giving a s cyanobenzoylated polyner derivati ve.

The i ntr odeaiieR @htt bf”%bh)ﬁlt%hy s%%‘iﬁ%c‘l’i%}ﬁ BRa & 'o?.g{a %Pné E' ssol vi ng

t he oxyal kyl en hai_n- earlng V|ny al coho un| =con ol yneric
compound e& MHERZd 8ni @11§Héﬂﬂgwbi§btthﬁesh}utnbyl}acpﬁaquE1ho 10

the sol utiddalyang thbﬁhb”ﬁn@tdﬁﬁq?hb@”peTﬁb“&%shitiﬁﬁeﬁkegﬁgltﬁﬁ &lon The
otred ifito a

reaction g\gﬁ %g s then %poled I N an ice-

col d met h&R £ rAngpd ¥wiith Waterthdhgnefrpprdais VAGUOsewivéndoat s

coIIediedcbynobehzbguaaﬁdtbeuyde&sqbygdatﬂv@cetanlde and the resulting 15

solution is pagsed h.tilter he solution is then dried in

vacuo, yleldlngﬁg %b?%8?ﬁ$F§°PyP§tga B@F?ﬁ%ﬁllaér9F8PP§emaEaBB|ng with

ot her SU|Fé§Fée§ub§t|buedussuiylhgkehesexybekyaéhbedhamh Béh@ﬂnbnomﬂ

t echni'que r e bstituents _onto yl, end groups.
Polliihh! AFUEHBY. LR cofRa3HRRG! LHTDLE 08! 3 ANEH 2K

The oxyal gmene hal'n-'beari ng poVi-Ry g pol ymeri ¢
conpound © E&Py%épeéémnﬂabl@ddunerb@ﬁ(trnmuhhgmsimym)aceahmldé the

hydr opey| - gheupsiamibie HﬁheﬁﬁhﬁrthVStb%SB %Eﬂﬁgraﬂﬁr@hk§ eE%gS?f%EFed

obt ai ned as dgscrlbed 25 above (coip resin) rs-c¢
with ioni T ﬁﬂﬂctl3P?yrﬁ?°FH8naHaﬁFP6ﬁ ﬂﬁeﬁb@@ 6Po3adi n- aondgeti ve salt

(conponenwaBer BayhloandopSUQéaVQn%é|h eBRbONMEEnEACYHLRBEY (411
;glectrochgglﬁ@k Hew&gF BEXS g g g%thogt %rtlcular 300 |n1tat|on
"Preferred exanples i néfu aPEE3G6: APALISEY tlesnBhki A5 soddgeérAabY oni um
‘cation of f%hérgéhenath\mrdmbaolR'eRZRﬁRéblétmmR'eRZRﬁ%E’he( whgueting to R4
e R S et el RIS bR PRl (o
APBF4 | gﬁ) g 41n vacuo, ylelding a trimethylsilylated polymer
derivatlve
Capping with other suitable substituents may likewise
be carried out u51ng known technlques for introducing those
20 substituents onto hydroxyl end groups.
| The_pxyalkylene chaln-bearing polyvinyl alcohol unit-
- containing polymeric compound or polymer derivative thereof
in which some or all of the hydroxyl groups on the molecule
have been capped and which has been obtained as described
25 above (component A, binder resin) is conferred with ionic
conductivity by the addition thereto of an ion-conductive
salt {component B).
Any ion-conductive salt employed in ordinary
electrochemical devices may be used without particular
30 limitation. Preferred examples include salts obtained by
combining a gquaternary onium cation of the general formula
R'R°RR'N* or R'R’R’R‘P* (wherein R' to R* are each independently
alkyls of 1 to 10 carbons) with an anion such as BF,",
N{(CF,S0,),”, PF,” or ClO, .
35 Illustrative examples include (C,H,),PBF,, (C,H,) ,PBF,,
(CH,) PBF,, (CH,,)} PBF,, (CH,),CH,PBF,, (C,H,),(Ph-CH,)PBF,
(wherein Ph stands for phenyl), (C.H;) ,PPF,, (C,H;)PCF,S0O,,
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(CAH9) 4PBF4 , (C6H13) 4PBF4 , (CAH9) 3CH3PBF4 , - (C2H5) 3 (Ph-CH2) PBF4
(wherein Ph stands for phenyl), (CH5) 4PPF6 , (C2H5) ngﬁscz. %é%éanuary
2004 (c2H5) 4NBF4' (CAH9) 4NBF4' ( C6HI 3) 4NBF4' ( C2H5), sNPE6 SR

Li CF, SO,. These may be used al one or as conbinations of two or nore

t hereof . The amount of the ion-conductive salt incorporated as 5 conponent

Bin the Sirhi0Nn i npi L call ccordin to a_nunber of factors,
i ncl udi ng?gﬁﬁf%% 'of(ﬁghﬁ?g dUc{ﬁ:ﬁ%@)*éQ?E’ u@é&;?ﬂ%‘sn&é@m d2dwei ght  of

the pol ymbACE.2oupolibgse may blee uspde adoneappi B¢ Sohdtnkhiedhs bE ageer al
t he annunbr_ﬁgrgoghggggggtive salt included per 100 parts by weight of 10

t he pol yneric conpound serving as conponent Ais preferably 5 to 1,000
parts by wei ghThepameupitepsr §bkyit¢0-tonB00tiset salby inebgpbraeg@nagor e

pref ergabl yohBohantO r b A I | t [ 10 to: 50 parts
by wei ght ngg IPtt?e@ﬁigﬁ?cgﬁﬁgéggﬁéogapgrggguF@égggcgg%%aEQSSﬁgéﬁgration
of the 35tPoR BBRBEE: 8F, fAgEPKS .t hacdsdAdost thet fypeoofohohecopdactiive

pyrposes.sémttheedLhehehﬁadecﬁmﬁrcﬁaiﬁhEyo@fEh@epeﬁgﬁgﬁﬁc BB&PBﬁnHQ
di ssol ve ggg gﬁn-icondu%tlve salt |Is exceeded 1f~ t00 nuch saft 1s used,
resul ting®i'n $dFt “§Bpo8Tt PBRPIPA SHASELENERE - codBorERLEaA, afbieBamppats | r st

20 el ect r ofyieneocnpdactiva éamteﬁﬁenﬁaédd9@b|QobaﬁQEtQaB§CﬁbﬁPﬁt ggcording
to thgin t] . al added.thereto a sol yent .capabl e of
dissolvinéﬁFhBB?Xﬁ?%%ﬁd%%w?@éﬁgaﬁ?rvlpplastpgwpeae 2 fpi&s PBFESHER ol vent s
i ncl ude chakf étR@Pspartachyawedghit yinoethprefetaBigi 10etbosyet panes 1, 2 25

oty olyne Y Rare o TEh Morf PriFRcaBiy Yo, Lo 906 Bar TR, Y ver@hg:” uihy)
jcellosolv@?aeFﬂ§¥ EEP%PFBP;Yb&PytO 88| barssvby Wetghtear Bobolittle

“het er ocycion-ebhanstsuehsast tébﬁih&d&ﬁfHr%BakzcHBEQﬁEESE&GHKGEOEﬁEa”’
1, 3-di oxane; butyrolactones such as y-

1, 3'd1! Xoigﬂecgﬂguég & 4 di(mat h¥%é igd i
but yrol actone Y- var 8F ol ARKoRE, tBeV5PRABFALVENE, t9OmdpHyEoT pPractical
1, 3- oxazoPuEPAS@s oneOnNth8- ethyi- hafdoxahel cdpac2t9ner and pelmersol vents
oo HaedLkresl 48LEOF0EMAR! 1 08YEERRNCLIYVE 81« Th X200 YER! §( 9
- too much salt is used, resulting in salt deposition.
In addition to components A and B, the first

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

25 ethoxymethoxyethane, methyl diglymé, methyl triglyme, methyl
tetraglyme, ethyl glyme, ethyl diglyme, butyl diglyme, and
glycol ethers (e.g., ethyl cellosolve, ethyl carbitol, butyl
cellosolve, butyl carpitol}; heterocyclic ethers such as

tetrahydrofuran, 2-methyltetrahydrofuran, 1,3-dioxolane and

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

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

35 dimethylformamide, N-methylacetamide and N-
methylpyrrolidinone), carbonate solvents (e.g., diethyl.
carbonate, dimethyl carbonate, ethyl methyl carbonate,

-~24-




35 di net hylf ormam de, N-nethyl acetam de and N net hyl pyrrolidinone),
carbonate solvents (e.g., diethyl carbonate, dinethyl ggrbonate et hyl

met hyl carbonate, -24 17 January 2004 propyl ene carbona fa@FﬁW?@Hb
carbonate and styrene carbonate), and im dazol.idinone solvents (e.g., 1, 3-
di et hyl - 2--i m dazol i di none). These solvents may be used singly or as

m xtures ﬁfo%ﬁeﬂ‘% Mﬁoﬁ@@é?%ﬂéﬁ?r@ecﬁﬁéﬁafé e&ﬁ&%‘é’ife Qnposi tion for
el ectric double- Tayer capacitors Of the Inveniton varl€s | n appearance at
room t enpeRrEheRate bo@nd rgmdasnidinene covkvemtsisbesg ) i kb, 3tiquid to a

rubbery s@iméenghez higedzd hea Avsiape &€ Qélv&ﬁ%gﬁé%zﬁéiﬁﬁed.t he nore

it qualifies as a solid (albeit, a 10 soft, paste- sol1d) having a | ow
fluidity SAP9EHMRT tafgelstures ofy ¥R oF rBere| Eee¥edfit e conposition for

el ectsi ¢ doubfige | ByEst CEDAELE I PO cdFos IVESM | B8 &1EctPcCOHENELLVE
salt co etely disspciates_in t ,e‘%cﬂ%/_rrerl c conmpound. 15 Moreover,
accordiggi?¥9%oﬁﬁﬁﬁﬁ+59¥§ Mot HRFRRTION (YRTIRS RpReReREAREehdH, when

thedconp05¢¢mOMempmma&mBeab%gﬂcp ff%&lé E@@ﬁﬁ%bViyébﬁﬁtm§ia%§§sL%ﬂke _
conducti ve: sal & (CO n e rt ight of t ol yneric
‘conpound %@%%%Hé%t£p§§$b%¥ye§%ﬁb tsqghgﬁﬁﬁ&?%%i%ﬁ%oﬂﬁﬁﬁ?gei&985?¥a88ut
10- 3 t o @ehymerigabdomhetlié reere| Botquaiifieonposatsohiflofakbettia
doubl@- |9yeF, Capacdt i [ O tren ~as neasured
according to the peelz?jt:]g%gé%%%g) sﬁ‘g{n% hgtgg‘? ﬁél?ngﬁg%?dé?o’?&a hesi ves set
forth i n S$PHPBEA]1994), of 25 preferably at least 0.1 KNm nore

preferably at igagie Ofﬁrsikwmc*@ﬂ&fyf@réorﬁ?c%fff@ﬁyf@f ££881rPc4 KN'm and
nost prg%sr |'y. at least 0,6 kKNNm™ Thus, the first electrolyte conposition
i

“of the S GHY &F FARFHEHERS | Oh- R olRY v LR t the hameeoRdRFEL¥S 30 in
“hi gh concemlt atompl etehpi dibs Sodt phesisimi theupo Lynietak! &@mpgundbr eover,
because itho sy N Moo PRl YS! ENMERGLLPEY RDasHBLALALS bPEnd" §caP! @ Lo

impedance method, when the composition contains about 9 to

15 parts by weight of the ion conductive salt {component B)

per 100 parts by weight of the polymeric compound (component

A), it exhibits a high ionic conductivity of about 107 to

20 10 S/cm.

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

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

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

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

35 particularly well suited for use as an electrolyte and a
binder polymer for electric double-layer capacitors.
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uni npeded t hrough the nol ecul e. These features, together wth its high
bond strength, make this inventive conposition 35 particularly well suited
for use as an electrolyte and a binder polyner for el etf Fatuane®ie- | ayer
capacitors. 17 January 2004 The use of a pol yneric conmpound having a | ow
average degree of polynerization in the first electrolyte conposition of

the invention ghéessa bfqalgoggh 5 cgbﬁghhalﬁg 1n§23rf §9%§§r§§3 of a

pol ymeric ¢ gpound having 5-a su C|en ave
polynerlz EQOWéQOéym§6PFGt§@PyﬁﬁrtbpeﬁnretyeéectHOEyther case, the

pol ymer  eloaplosdltibe b&sthehiabeh@fbs QQQQCF x&&ﬁlang iﬁ@%ery tacki ness.

Even as a oI|d b caus the pol yner e ectro solid which
readily un §°558dY gﬁasw gregsq&hsr Haei 68, alPO ¥Perks eamppyndndaviseress

and ca® t husulf€icdanitly hmgﬁeave@hgeadégkab%fsBSQweHEaﬁieﬁngl’ééEChf0' yte

conposi ti au,far. l%&%&l aye acitors e invention is

conposed primarF ?A € $V§ﬁer|&n gﬁﬁﬁﬁdcﬁ§9vnEhEXPQ#K?PEne

chai n- beaﬁﬁﬁthalwmbyhaayh hﬁghhmbnm0|bsndﬁBtlﬁmtyoanaoadngghve salt; and
C) a co vin ossl Ln f ti.gna rou

bl eneudeay! ngyER0sgl LIKERLS {HSELENaL T BUES LN L OLe, osee, fe

pol ynmeri ¢ _conpound ‘serving as  conponén
as conponéﬁtaBr§HBe§6lﬁéh@§ Wbaphbreadﬁlylgsdbrgngstpmasbmeconduct|ve sal t

that ase ae€drRAtidnt hitsae%ilmE' ESEiﬂgyEﬁgEEWE‘B%fIsEOQPSf éﬁethﬂéegé' on may

be the sa nponent he "sol'ven escri above

in connec??ﬁﬁixlgnBWﬁ@ FPFQtaeﬁééﬂr@FyﬁBeeéanp05|t|on for electric

doubl e- | ayer c@heckeavad EmécﬁﬁﬁmydadcbﬂﬁbaQtﬁbﬁs?bkngiébgr?egﬁégﬁﬂél

roups 25 I o] ClLs ad art Sl ca
“ghapg rete%?%%nggﬁggﬁﬁﬁgg gaggﬁslnTﬁP 188nﬁﬁuggmpgsegeEEi@GrﬂéyfBgnla
“Thr ee- d|néﬁél@nEDlmmemmckcempuundrhav1hbebeyalﬁymaﬂ§|agaihebaabgﬁgve

ro I e I o] a I NCreas sha reten n. 30
propeid i epol 94 iHE ﬁic@ho? HHEESp k§§e%ﬂ RdnLA §P8£1g8 Eﬁd ﬁ &gs

In other words, Wwhen a mxture of on
resin) angt FEFPPHAEA BﬁYéBﬁdGEPS$éi§hﬁb1ﬁa§unaﬁdeuaﬂ.hgreuys(C) Ia this

crossl i nkabke, fﬂnétp@mﬁheﬁiéU@oﬂﬁaﬁhagserv1ng as component A, the
ion—conduqtive salt serving as component B and solvents
capable of dissolving the ion-conductive salt that are used

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

The compound having crosslinkable functional groups

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

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

35 polymeric compound serving as component A intertwines within
this three-dimensional network structure to form a firm,
semi-interpenetrating polymer network (semi-IPN) structure.
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conpound-and the latter i-s reacted, it fornms a three di mensi onal network
structure. The highly branched 35 polynerlc conpound serving as conponent A
intertwines within this three-di mensional network strudfda@an2¢t m a
firm sem-interpenetrating polynmer network (sem -1PN) structure. 17
January 2004 This structure enhances the conpatibility between the
differentTngbygmgu@haggsegﬁg Waleyg € %ﬁiﬁh en them

t hus havi f%h era effe%?@%f aﬁ%ﬁ#ﬁk ?%crea5|ngba%%ﬁe retention.
Accor di ng'ﬁ% §ea dPR YBeEo%%h%%ta@damcwee@ tlneubnrsitsm@ng\mh

conponent bAtweenf ehema SRk - h&%ﬁﬁgrtﬁéL6€bréff é%%%ffff
retention EE% enhanceg g a material which is Qg sulta
as a SO|I% PoisPIeFREP oF? Ehﬁna phFeRrd 1$ﬁ4¥m€#Y a of the

T(ﬂlcwﬁngcnmpobeHUSedaad haeing oss! Lnkebtwind URbth AisipSiiOVP-Regs i ng
conpound I ng abgve nent e rou bearl conmpound in
conblnat|g§£%1?h3§ﬁlcgg%ou Eg§g§¥%g fﬁ%n%9§$h$£§ ﬁkﬁﬁs capabl e of
15 reacti Bgtenthonharepenhagredp; giﬁngnalmmwmmenmaupx@emgmgyconpound
in conbi nail ALt Bora und r [ tive hydrogens capable
of react he el iR TRE TE e A SOt st e L B B S P PR o e
reacti ve BHB4B™&Tbonds. 20 Illustrative exanpl es of the époxy group-bearing

conpound (1) Inﬁyudﬁ ﬁﬁépﬁﬁﬂﬂéwfﬁy' t ée@nﬁ§ X&ro@é?ﬂ@Qaﬂfﬁtre
y

nol ecul e, sucg orbito o tan glyci
ether, pof¥gf %:8?8 8’61’9§r‘9 ?’aijl‘gg %@fﬁ%?un%e%%‘é*w mm@o‘mwgng@n@m
et her, dig@kycerol 25 polyglycldyl ether, trlglycldyl tris(2-hydroxyethyl)

Loocyanur s, ofl WGELs) CRBLMOLIELENL ShiStund Lt propane ool vglyol v
et hyl ene ﬁPWE@Hnélbathgytwoe@hemor@r@@yiemehgm@mgénﬁ|@&y@bﬂgloﬁther t he
poly1 6t apgi Myl ee. Sl acor Bl Vo S0t har and adipl e acld
PES X Qso gnate gé%up bearlng compound ih combination with
a4 compound having two or more active hydrogens capable of
- reacting with the isocyanate group;
{(3) a compound having two or more reactive double bonds.

20 Illustrative examples of the epoxy group-bearing

use

‘compound (1) include compounds having two or more epoxy
groups on the molecule, such as sorbitol polyglycidyl ether,
sorbitan polyglycidyl ether, polyglycerol polyglycidyl
ether, pentaerythritol polyglycidyl ether, diglycerol

25 po;yglycidyl ether, triglycidyl tris(2-hydroxyethyl)
isocyanurate, glycerol polyglycidyl ether, trimethylpropane
polyglycidyl ether, resorcinol diglycidyl ether, 1,6-
hexanediol diglycidyl ether, ethylene glycol diglycidyl
ether propylene glycol diglycidyl. ether, the diglycidyl

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

A semi-IPN structure can be formed by reacting the

€poxy group-bearing compound with a compound having at least

35 two active hydrogens, such as an amine, alcohol, carboxylic
acid or phenol. Illustrative examples include polymeric
polyols such as polyethylene glycol, polypropylene glycol
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di gl ycidyl ether.. A sem-IPN structure can be forned by reacting the epoxy :
gr oup- beari ng conpound with a conpound having at |east 35 two active ;
hydr ogens, such as an amine, al cohol, carboxylic acid oft7 pheiasy 2004
[I'lustrative exanples include polymeric polyols such as pol yet hyl ene

gl ycol, pol ypropyl ene glycol -27 17 January 2004 and et hyl ene

gl ycol - pr ed 4 | | d thyl.ene gl ycol.-
L2 propy one gheehe B SRt BPERR A, oyt WiigSlil oAl e
1, 4- but an&FRFLene glyemlanddiZobropydeniee gdyedilol 1,3-propylene glycol,

2, 2- di et hy,I3~-budapednanedilols.-pdirehiryiene gl ¥col Isarqpyl.ene glycol,
1,4-cyc|o£§5ane I.met hanal , 1, -bisgp}%ﬁydgd§y§fﬁg§§ dgﬁgén&f%

p- xyl yl end&FERCYRdny 12 - ZafdmeIhdLak. e pPropemedicilst idesbatiene gilgcol,

pol yetdy! gReq@ a |, ag Rol t ional .am.nes and_pol yf.uncti ona
carboxylic aciggge?g %ﬂpﬁggfaﬁrge fggéﬁggngﬁlFﬁg%F§8@yaﬁaﬁé%dﬁg p- beari ng
conpound PYArORTEHbexyIiveDZRYS , hpviyd yilenediolyr @hengdayanat e groups, such
as tolyl eagethhs8q%ARake. v, e i cvanat e, .napht hyl ene di i socyanate,
diphenylnetﬁane diiso%yaﬁé%éflb?g&%ﬁ&k%ﬁé*&ﬁﬁsSPﬁaRQB 9¥hﬁgﬁ8ﬁ§mépﬁer 15
di i socyandfe¥etd| pgi ROL¥FLBsEjanale amioesmendy pedyfutictionpanat e and

| sophor oneattboxgtyanakeds .l socyanato-term nal polyols prepared by reacting

t he aﬂpve isociggatg 02 pounds with a polyol can also be used. Such
conpotinds can Bréparddenf*prErdesn§fahes dspsranater grouphbgaring

di phenyl mebhiprendi I(29cyasatdeotompbyingde haivi HOCY#Abs Wk 2289hnkie
s.case, .the stoichionetric ratio between the

ngzsgﬁaig%gﬁgﬁggEP%EC%QO%gkﬁéepgogﬁéﬁgpgaPBEﬁouﬁalaﬂﬁnﬁhe hydroxyl groups

[OH on tﬁélﬁQPYQHaégnpoaphthyleuepdaisrayaﬁatéhiﬁﬁph@?@lﬁ@&??hkgnlgrgiia:d

o T panebooyhRe | Gty 0re! 8430 Lyphate SN R AR 10,10 T

pol ynet i cHpBPyBREaLGehtadifdnpethienyagyeol hepamphyppnene gl ycol
diisocyanate and isophorone diisocyanate.

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

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

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

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

Suitable examples of the polyol include polymeric

polyols such as bolyethylene glycol, polypropylenée glycol

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

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

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

1,1-dimethyl)-2,4,8,10-tetraoxaspiro[5,5]—undecane.
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30 and et hyl ene gl ycol - propyl ene gl ycol copolyners; and al so ethyl ene :
glycol, 1,2-propylene glycol, 1,3-propylene glycol, 1, 3--butanediol, ’ |
1, 4- but anedi ol , 1, 5-pentanediol, 1,6- hexanediol, 7 January 2004

2, 2-di met hyl - 1, 3- propanedi ol , diethylene glycol, dipropylene glycol,

1, 4- cycl ohexanedi met hanol, 1,4-bis-((3 35 hydroxyethoxy)benzene

xyl yl enedi ol n th t hanol am n
g 9ybYs(2 hydr%&?gfﬁgtlvg%g fﬁ§£§£% §f1 e¥? §Sp??oT%l%T ﬂ%@%ne -28
17 Januar ¥¥2002% m9¥@rﬂﬁtivelhydrugensmmaw béergatyeld, wathathee having two
or nore agg 0 te h anate. The am ne
b¥QaR¥ s 00K, na}{llb@ ﬁ@é& V\ﬂ)é %]LLQ eha{?ig_lﬁgy I’%ﬁ'bm LY (R5 Ua h a

used may be one haV|ng a primary or econdary am
primary aRPRONYREYi paBIne a9 TPRP ¢ o@r—’p‘@]@m@gﬁl sa ppeimaredamBoot gbtbep ex arrpl es

i ncl ude ldeaﬂiﬁ§8c§1u§6uﬁé et hytepedi-agi “eslzi-ﬁﬁggéagk&ﬁg

dlan1nobuéane and era2|ne ol yam nes suc %y enean1ne and
am no alc ﬁ%?%ngﬁc E RE SERFLOREGLMBIRE and né- @h@mhﬁﬂ @%@h@nol 4¢€f these,

Ceact nest@mnmtm ik ”pm???“gr e O R e et 1 ¢ rati o

i Vi

bet ween [ %Eigtﬁgu%éé%%l¥% ?%% iﬁﬁﬂgﬁ SintSRdaFNR] and [NH groups
on the arf@Ehy tinain o Samine haad ammaemaﬁxyolhe opnghésensaidefhes [NH2] +
[NH .1015 {h nds cannot b hensel ves
forma Sen]??%%F%??%%PﬁéﬁcgéﬁHﬁl éﬁﬁ gﬂ ﬁ%m?o£ﬁ¥ﬁ¥ reacting an
|socyanai%e%?EﬁﬁlB%a@¥%ge%@m%h®hby Dmeﬁeare@npomﬂnehagaﬁg athéeast two

active hyﬁt@g@mﬁométlﬁfc ﬁétf@ Bt RCan af fy%,g@é ﬁg{lkﬁeag%g %nggﬁgol 20

Illustrative exa i nc ngﬁ0| nerlc po
‘glycol, por§pry @p B‘Wclola Ihy@groywps gy ddte mmimg smmgnyxsblls
~copol yrrer&?l;lclanais atsm@tixyfﬁ%a%dx@@itldng m@@yl gnpNglyqol[NH’L 3- propyl ene
gl ycals, t?gﬁggdig & 4 butgnedlol ent anedi Ol hexanedlm
25 2, 2- dlnethy pr opanedr ol ¥ %H%t%??%ﬁ%gg 9%8?““6?p?359?5n€y gl ycol ,
1, 4- Cyc|dﬁy§yﬁ%hww%tﬁgmm|a S§MltEENT%ttmmkumgethswyh aegreteture can
p'Xy|y|eﬂﬁﬁ'ﬁ&rméﬁ”ﬁ&”reacting an isocyanate group-bearing compound
with a compound having at least two active hydrogens, such
as an amine, alcohol, carboxylic acid or phencl.

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

25 2,2-dimethyl-1, 3-propanediol, diethylene glycol, dipropylene

glycol, 1,4-cyclohexanedimethanol, 1l,4-bis(p-
hydroxyethoxy)benzene, p-xylylenediol, phenyl
diethanolamine, methyl diethanolamine and pelyethyleneimine,
as well as polyfunctional amines and polyfunctional

30 carboxylic acids.

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

35 or more reactive double bonds, such as divinylbenzene,
divinylsulfone, allyl methacrylate, ethylene glycol
dimethacrylate, diethylene glycol dimethacrylate,
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di et hanol am ne, nethyl diethanol am ne and pol yethyl eneinine, as well as

pol yfuncti onal am nes and pol yfunctional 30 carboxylic acids. Illustrative
exanpl es of above reactive doubl e bond- bearing conpound? GBWW%M?@%ﬁnBy be
used as the crosslinkable functional group-bearing conpound serving as
conponent Cin the inventive conposition include conpounds containing two

35 or nor adieatiilee d b divinyl sul fone,
al |yl cr gie © %?bg% ﬁﬁﬁ%g%ﬁ&%ﬁléﬁ? %e?ﬁgigngtﬁ§rgﬁg gl ycol
dlnethachﬁQFé acyy fﬁeJéﬁU&r9ggomnlacuéanyWemghg|yeon tonet Baonyl at e,

pol yet hyl ema-@hmenedg@baacaxfnatﬁa@ggaeee gﬂéexéak%eg%ght 200 to

1, 000), éﬁ 2ﬁaﬁ g col dinethacrylate exane
di net hacr yraf B@ﬁ yIn&P?@BFyalﬁéﬂﬁaérQﬂaﬁéhasrﬁéﬁtpnopylene gl yco
g|HeghacrﬁZ&&@ibgyebageg!?b@ﬁuhihetﬂﬁbﬁglatéo@hverage molecular
ydr oxy 9
bls[4(nethac§hl Q@Qpﬁ éigﬁéﬁ F?pFoBaﬁéme§h§°5Y§P§YProPane 2,2-
EnetEacryF@ﬁjéﬁgekyadriﬂbaypihbgyybhéhgmapgopana Enfh4bls{4- |
met hacr yl gxah X 0 et en co
dlacrylaté |et8§¥8 g ¥ﬁ %g é?gg %Fégé R?iﬁBFﬂ?Fé g?y@gﬁ¥8|acrylate
polyethyléW@tBﬁ9€§ﬂ0§Ya§h9KHtBO@Heéhagg)phBhgiubHopaneghbth?&&nbo 1, 000)
1, 3- buiylgagcgnyaehc 1a@éyla&eth 18n8e O te
gl ycol éa e, Eg yprop ene}g KQ éigsg%ri F%ﬁé&k agglf§8¥39§8UIar
wei ght - died 3}9 eq, Boaygg yilergpgdpane, diacrylate (average
2, 2- b|s[4m©aecuuaxyﬁEMQﬁt)DDOOYELDEOQ@O? z,3- Bhﬁgiene glycol
_(acryloxyg?ﬁ §¥ gégth Xé)ﬁhené bg gpa 12 bi s|
“(@cryl oxyet hiox yethBXDSPRBADLP br BharEY latemePROPEREFApEA¥COli acr vl at e,
trlnethyL@Epgﬁﬁégée Zpolypnepymenylgngconeaifag?matglmﬁba@agetrlafrylate
tetr ajeet hybh@EBB1BANGE aa at e_urethane diacryl ate
wat er - sol ybl e ur et h a%eS%?negRME ?a?§@£8%¥ y§r8588£X OHYRECRARG! acryl ate,
hydr ogenated™ HF&9CFEﬁéﬁiaﬁY@ﬁboaYéDh?nﬁléprpphyesténZdbas{yFate and 25
pol yest er (dopplbRpevhokP-diethoxy)phenyllpropane, 2,2-bis[4- |
(acryloxyethoxy—polyethoxy)phenyl]propane,
trimethylolpropane triacrylate, trimethylolpropane
20 trimethacrylate, tetramethylolmethane triacrylate,
tetramethylolmethane tetraacrylate, water-soluble urethane
diacrylate, water-socluble urethane dimethacrylate,
tricyclodecane dimethanol acrylate, hydrogenated
dicyclopentadiene diacrylate, polyester diacrylate and
25 polyester dimethacrylate.

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

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

35 methylenebisacrylamide, diacetoneacrylamide), and vinyl
compounds such as vinyloxazolines and vinylene carbonate.
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| f necessary, a conpound containing an acrylic or nethacrylic group may be

added. Exanpl es of such conpounds include acryl ates an%j_e'rjet hac at es such

as glycidyl nethacrylate, glycidyl acrylate and tetrahy

nmet hacryl ate, as well as nethacryl oyl isocyanate, 2-

- hydr oxynet hyl met hacrylic acid and N N di net hyl am noet hyl net hacrylic acid.

O her reactiv orrpoun.d ded as wel |, such

as acrylam dq{&?émé&o dcﬁ?l&%l acry E{jesengswrﬁﬁr@%ﬂjrsedcrayl am de,

di acet onezempPend d@vlrsg‘loﬁtnlaﬂst clorp argentst isnec o e odradcammistndse and .

vinyl ene m&@nat.ﬂl a Oﬁ{h sem - | PN

structure, o%% %a\%‘ra]%éﬁgt? Ieaﬁﬁ%grcedﬁoﬁlg)%éj%&% s-fl must be

added. Tr%nl:r scor@p%lérrﬁs | PN Ih e svowekt Rl s t e ifolrarhed. tihiarth haore pwbrmmnds

such @s rpddvtiveldasYd Bénd hats&?@é’%&&ﬂtﬁ}? ok 'EAGNMRRL L Agpd.  Sone
on

addi ti on of ﬁ%corrpound bearing _at |east two reactive

required.2 FRL R tTRAC D | W DS e FsEiERs: descr | bed above,

especi al | ybpr aﬁfriﬂged Jf@@iti\)/f d&i&[@%ﬂd@é&iﬁbn R&Y iia shdé!cx;tﬁ:iﬁnec?
corrponent- i esters of fornu "to below. The use of the latter
in combi n% }% %aﬁﬂ%&/é ‘{e o SMRIRELS AP Aest er of

for mul a'- (mglydnarmhkyhen@omnmdaﬂt Bbé‘&‘ﬁ'lg RiXedtdrR o s¥m{la GHOH2CH20
2 ) 110 ik . CH2CHO ~-R (4) In
forrru a (l%ﬁ’_vg_‘ %g u%e%@?e?:r]% eac |n epe Odrén% “‘5“%_(06? ogen atom or an

al kyl gr RPLIRKTHKYLene Coep et - lm&tmgafmmtﬁsytar tak 4Ecuamb1cms(4)such as

met hyl , etddw s PFORmends®r OPYl, n-butyl, 1-butyl, s-butyl and t-butyl;
~and X and Y satisfy the condition X a 1 and Y a 0 or the condition X a 0

~ahd Y a 1. The sum X+Y is preferably no hi gaher t han 190., 20 and especially

from1l to 30. RAR'Rand R6 are nost 0 |
H_,,c—-c—c——-0—6CJ&IZCHZ())——{—CHZ<:L-10—)~—C—c—CH2 - (3)
Fq ¥
. — 9
H,C= C—C'—O—(‘CHZCHZO-)A—(' CHZCHO%B—R e (4)

In formula (3), R, R°® and R® are each independently a
15 hydrogen atom or an alkyl group having 1 to 6 carbons, and
preferably 1 to 4 carbons, such as methyl, ethyl, n-propyl,
i-propyl, n-butyl, i-butyl, s~butyl and t-butyl; and X and Y
satisfy the condition X = 1 and Y = 0 or the condition X = 0

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

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

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

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

and B 2 1. The sum A+B is preferably no higher than 100,
and especially from 1 to 30. R’, R® and R’ are most
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preferably nethyl, -ethyl, n-propyl, i-propyl, n-butyl, i- butyl, s-butyl or
t-butyl. In formula (4), R7, R8 and RO are each independently a__ hydrogen
atomor an al kyl group having 1 to 6 carbons, and 25 p?éf‘@?‘%ﬁﬁl’@o to 4
carbons, such as nethyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl,
s-butyl and t-butyl; and A and B satisfy the condition Aa 1l and B a 0 or

the condij a 1. The sum A+tB i s, preferably no _hjgher than
100, andﬁggﬁgé?g}?yﬂgg%g}l ?Bh§gf $ﬁ?r?@§1ﬂmFT@F%R¥} Tbﬁﬁg%aﬁﬁhry 2004
pr ef er abl Yub¥l hys-bethyl orntpbopyl, i-propyl, n-butyl, i- butyl, s-butyl or
t-butyl. Typic : I X he:p. o] onent - aring
diester and the %f?gﬁ% é%gﬁgﬁﬁénf%%n@%%%%g%&g&%%s oﬁw%ﬁt t he

pol yner deeapikgvaiaaterhandobhe opaliyexyalkyiene | conmanent dreaxinged to a
sui talyl e hohsesteragihi Ohe pé}\%ﬁ?eflsdé&/ﬂrég:me &i&%ﬂé"‘i&?%@n;&%fﬁ)’é’
gamma rays,  microwaves or high-frequency radiation, So as to forha

seni - | PN $9pk 15rBeabiedepsi erapsed 058/ @ nkebt#etecfarm 0% tradiakion The

sem - | PN stchicasrevcaighe, f 018BErdY BE4hEY xORkYs 8 PAmP YA KY! ene
conponent - bear | ng di esaﬁr to_t he olynmeric conpound servirng as conponent A
and car ryPhg S8EVepoPY ?‘99&#1:%?‘?3&%%‘?%&5%0%4 r¥ARS N EOTR R addi ti on
of a pol gemyalRN| tppe cohpeseti mbesd ongl NPHOSSL Bikedhietwdrk a 15
nonofynct Lopal, one, t e | ypX a+k | ene conponent - .bear i di ester
! 1 +GPES £
i s gener aﬁ') pr{eI1Eer r e%h%eggﬁgelgﬁcﬁgﬁ%ﬁ ‘tl‘\¥ ncaR Cr;?‘?‘ o’g‘fﬁ’é%d p%Yy%‘i@%W kyl ene
branched @hsY nd pAlpoxtielkyliere domposénhabearingrdiedoepato i the ar
|'”‘tat'Qﬁol?méfﬁeségmﬁauﬁ&es%fbﬁﬁng 205 €§8§{|£Q§n8fcégﬁ¥£%%ygéyalkylene
~conponent - bearing diester _and the o?yox yl'ene conponémnt-beari ng
*monoest erPOlgreRbEGRELIAR wei BAVEVEFi oasf apeegdx yad kel enthe onfdhehen bedr i ng
di ester ta polyoxyaikyiene 66Mpenent-bearing WOROEster, whidhnig gange of 1
to Ojﬁ, an §§R§C£a|£% 1to 0.2, fs 5 preferred because this enhances film
st rengt h. "TRET AHGERPRAE PRECPEEssFP nkiif| ROFVARY 2 UR%HFCRE 0T iPPRER F g
conpound beatrimeddisstenpbaegen€raslyrpfefablryd 1Petause such addition
introduces polyoxyalkylene branched chains onto the three-
dimensional network.
No particular limitation is imposed on the relative
20 proportions of the polyoxyalkylene component-bearing diester
and the polyoxyalkylene component-bearing monoester,
although a weight ratio of polyoxyalkylene component-bearing
diester to polyoxyalkylene component-bearing moncester
within a range of 1 to 0.5, and especially 1 to 0.2, is
25 preferred because this enhances £ilm strength.
The amount of the crosslinkable functional group-
bearing compound included as component C is preferably 10 to
500 parts by weight, more preferably 10 to 150 parts by
weight, and most preferably 20 to 100 parts by weight, per
30 100 parts by weight of the polymeric compound serving as
component A. The use of less than 10 parts by weight may
fail to increase the film strength. Oon the other hand, the
use of more than 500 parts by weight may result in a decline
in the ability of the matrix as a whole to dissolve the ion-
35 conductive metallic salt, leading to undesirable effects
such as settling out of the salt and weakening of the formed
film.
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500 parts by weight, nore preferably 10 to 150 parts by weight, and nost
preferably 20 to 100 parts by weight, per 30 100 parts by weight of the
pol ynmeri ¢ conpound serving as conponent A The use of ﬂ%d@nW%hﬂOQQ parts
by weight may fail to increase the filmstrength. On the other hand, the
use of nore than 500 parts by weight may result in a decline in the

ability of the | a whal e to dissolve the ion 35 conductive netallic
salt, 1eading ¥%H%%%%E?}%bF% LYTEL t COMRORFNLE RetB| #RY But tRE $8ECRE| t and

weakeni ngebecthelybe nechpésition AFr JabeatyidO@duble audyéi0Bapacabers
conponent §£ Ach8 PRGle e C e lyte composition for electric
doubl e-1 ayer capaC|téﬁ%éﬁﬁn%ﬁefgg%%ﬁ%l%%éﬁn%ni%Eﬁﬂﬁirﬁl@%Ogﬂgo?giﬁﬁ?y
anount of SERe t¥eee efprelwintel capable apibibsadldisgotkéngonhe ion 5
condudt i Veosdhdt e VoL Bt "BE L ORS Uy ' 140044 L 0s s bhe L st
eIectron{g C gﬁésition for electr?€9%§@% e- gﬁ%riﬁcgﬁé%%?g% noylﬁhe
i nventi on-™*% L pieetrelnte t prmpesihionnfor heleochposi éovhleedapersi ng
conponentsapacBrans & the cOibemeid®n Wi th other, 10 optional, ingredients
as needed, is Pga@id or eéfosed to a suitable formof radiation, such as W
light, electron ARTASETRY OF gHaeral RESREI9R o r BRVE_MBRSHESART r equency
r adi a][ i orp@apsar‘?simg etdnmindiites r2ACH | &iid OC, POh ycgambz@éwan ofithh&ther,
crosg_inkg@% cty -bearin onpound servi ng 15 as_conmponent C.
The resul i ngot%?bei-lg%édn%%#n%lg%e?%&%&' rsTf? tk&?%?%&n?ﬂ: uEFPYSPAt EPt Ki nes
wi th nol eSdHedPEnaform o thediatien kysects & i hbtighbai albesrong pol yvi nyl
al cohol usedms COoRtBA-PE NG AR 0 o] . Senk-interpenetrating
~pol ymer neaﬁfrk;strLiﬁu%%, ﬁﬁgﬁégg’g?ggﬁgwéa%%l§%1%%§§g%¥egﬂegggctroIyte
“for el ectiFT oM 39 Berte HEkeebrehaceeretion ov pobymeviaatbon dhe
semi . - | PNtIsé reusd s Bi igedb T NRied £ Yog f L bS4PING coHRP | zation
reacgkon.a%TE%@gﬁﬁ% |’#éatH§? reqﬁiipﬁ@ﬁg?gbe carr?eﬁ @g?ﬁaﬁtﬁ§%¥ﬂﬁﬁe
addi tion of a ng5 i zatS I 29 ot hree wdineneieral BebEPEl as a
"cat al ystehrugiure |mctualilheantertaihed i whth Smobechal a-t BRE9As on the
oxyalkylene branched chain-bearing polyvinyl alcohol unit-
containing polymer compound to form a semi-interpenetrating
polymer network structure, thereby giving a solid polymer
20 electrolyte for electric double-layer capacitors according
to the invention.

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

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

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

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

35 Examples of thermal polymerization initiators that may
be used include high-temperatufe initiators such as cumene
hydroperoxide, t-butyl hydroperoxide, dicumyl peroxide and
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an initiator is ordinarily added in-other cases. No particular limtation: =
I's inposed on the polynerization initiator, or catalyst Exanpl es of 30 :
phot opol yreri zation initiators that may be used incl udel? daEsnRione,

trichi oroacet ophenone, 2-hydroxy-2- nethyl propi ophenone,

2-hydroxy 2- met hyl i sopr opi ophenone, 1- hydroxycycl ohexyl ket one, benzoin

et her, eI enone benzy I.ethyl ketal. 35 Exanpl es of
t her mal po y#%%%§§ﬁ¥%%%&&%tlatgpgepg ﬁéylng§18§8 5| fUchy@s benzoyl
hi gh- t enp&eaoFidei. nillauaomls perox ide , cwmmaﬂlfhdeOQQEQX|de t- butyl
hydr oper oy [ I .a uar 2004 . but r oxi de;
ydr oper 0z sdisehitly roak Qﬁﬁﬂ% ﬂ%wl§ﬁﬁg F&elnﬂ &P éFp

conventional initiatofs such as 'bénzo
persulfaté§1§ﬁét°5fdbﬁ§9§o@@t@N@ﬁpgﬁml@erbawdEefﬁemQUBrsaﬂmstlators (redox

L0 1,28 Of pbraudirate -Bediage ot e stk OUimadl! fyaRoBBialliALe-act dic
S a

sodium suylfite, cu_nene dr oper oxi érrous sa benzo

per oxi de- dCAEPHPI &ALt Fnéndaﬂ?@nélogé Pe&EPHidge ddmgahyiendliline ; alakryil also

triethyl bpemxldteeblmhzlbﬂ@tanri@ QAKGaR-, OFtQ%@QEE‘r&%'rbﬁ a'd‘ﬂé' 11%1
-pol yneri zat.l al'one or as m xt ure

lzon_lLni |at0rsrra or

nor e therghp g?ﬁge n L eafeme Sﬁilga fakyde: for the radlcal polynerlzatlon
reaction is ad&h&selpo&gmamﬂuamlwmthnﬂt&ataﬁ@ema& peehigeabli odel o0 sk part
by wgj gh S per 100 parts by
wei ght ofﬁgﬁgﬁgsgsg %Bbﬁe nctF§ﬁ5F%§rouE%fSlBg§FPﬁG Teoffound (conponent
C). The a&étﬁﬂaﬁt@ffp€s§h@hxndu@a1 padymbyiweitdon mesnth@nlﬂsaaMWEMed
decline iant BB aReLUFE 0 wae ddi ti more.than 1

n WEERIROR E%h ance E%%QE?%F B %Pf Pgrtaﬁg'thus

-part by we g ‘does _not further e ca tic
-afmount s nBF Qb toaBdm&§P§P§Pl&§éooﬂ 29 Pelgbart Ayt Wedghtth@epollp®eri zati on

reacti on pantist bgnweafRtnofr t&@be@gSQQnﬁaﬁlgaghh%%h@hahlg&%@%;ons in the
reaction is typically «carried

gﬁfeb§;5 ?Qgggﬂﬁtngﬁééﬁﬁh g?ﬁ@?ﬁP@“Fo ‘t 0786 ALK ODs off 1eFs itham at room

t enper at uPelaparknbyi weight results in a marked decline in the
polymerlzatlon rate, whereas the addition of more than 1
part by weight does not further enhance the catalytic
effects, and thus amounts merely to a wasteful use of

20 reagent.

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

28 of UV light at room temperature and in air.

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

3¢ period of 0.5 to 6 hours.

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

35 structure. A crystal structure does not form, and so the
matrix is amorphous.
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Pol ynmeri zation by neans of a-beamirradiation is carried out at room
tenperature and an accel eration voltage of 150 to 300 W In the case of
thermal polynerization, the reaction is effected by heif #Ryasy 26t to 120C
for a 30 period of 0.5 to 6 hours. The polyner fornmed by polynerization
mutually intertw nes mﬁth pol ymer chains on the oxyalkylene br anched

chai n-bearin LN tain und to give
a firm threg Qﬁhéﬁgléhg ggﬁgk?gﬁkgﬁgggrﬁ%tt?g 8 %ﬁeg#gy gfngﬁ?ure dogs
not forn1a@ﬁér§6u§héndnﬁﬂnnxngscaﬂbsphbhe parymanuaaylaﬂOﬁeanEion tach
CO“S'derabr@&éraﬁl&heaikﬂeh'StEYb g?hfrr§89 6H50gy93é£@21”9 costs, the

pol ymeri zation reaction I's préfe y carried out Fradi ati on or
thermal POLYRSFiZa8ti6R- 5 The inventive second el ectrol yte conposition for

el ectrgcal doulhe- hay8htseREEEEHE éﬂ9c£981%9é Qoﬁ?b¥ﬂ?i negggtrolyte
obt ai ned bﬁSCErlngé BIS co osition have a ren , as measured
e

accor di ng® f&c OPPﬁﬁ BRET SEPRfytarecq3RdsthpdapdifoPodWHes| ves set
forth in 218cKE83¢té00b1824ed by pueiggabhysabohpasiton KAGE) aNBbRA

pr ef er abl ast 0.2 kN even refera .at least Q.4 kNNm and
nost preférg%ngﬁ %ga@?aﬁgggbhﬁﬁ?°§ﬁgngo€?dLB%I9%%% tYEEtPBP te for
el ectric stubphgthayest shpadatdrfoof afthesingenséonbasth fhr JIserRssEEN

t d,
el e Rl I T ok AR
|ntertmnné&aﬁﬁté ?th{WFeéVGnnﬁﬁgﬁonaefﬁéahbykagt1g55br@,4 RNVm, geedt | y

i ncreasesmbie @Béﬁér&ﬁlﬁnhtomeaéttbespﬂh HEF e|eCtr0|yte yet the
Aol ecul ar stru ure gs that of an_20 anorg ous ynmer and is _not
6

-crystalline, SMFH 10ROl BHeT cBABGEBLY ﬁﬁvee¥@§§chmﬂPﬁpﬁerHéYer
nol ecul e. chbaemters blethpoliytentebachag! ¥t €idh EBALLDIPRNEESAcRazea hi gh

strenstn’ ahyrelh, FAEChidlLd bRanBhle printky L SBoabEPREPER BRa3E- cakage, |
t her eby nﬁﬁﬁﬁgngtPﬁl@ﬁL9Yéuaiabhelfunlhseoataanlng polymeric compound
is intertwined with the three-dimensional network structure.
This greatly increases the shape retention of the polymer
electrolyte, yet the molecular structure is that of an
20 amorphous polymer and is not crystalline, allowing the ion
conductor to move freely within the molecule. Moreover, the
polymer electrplyte of the invention has a high conductivity
of about 10™ to 10™* S/cm at room temperature, a high bond
strength and tackiness, and is not subject to evaporation or
25 leakage, thereby making it highly suitable for use as an
electrolyte (separator) for electric double-layer
capacitors.
The solid polymer electrolyte for electric double-layer
capacitors of the invention may be processed by, for
30 example, qoating a liquid mixture of above components A to C
and a suitable diluting agent onto a substrate, then
subjecting component C to a crosslinking reaction so as to
induce film formation. An electrolyte film of uniform
thickness can be obtained by using a suitable means such as
35 roller coating with an applicator roll, screen coating,
doctor blade coating, spin'coating or bar coating.
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el ectrolyte (separator) for electric double-layer capacitors. The solid
polymer electrolyte for electric double-Iayer capacitﬁii of the invention
may be-processed by, for 30 exanple, coating a liquid 1aen6£00h oy e
components Ato C and a suitable diluting agent onto a substrate, then
subj ecting conponent C to a crosslinking reaction so as to |nduce fiIm

f ti i i I for K t

woi g a sui tabreonBaReteekls ke Pbhdr Phplhi CaRBnELhi OBl PearbicRol |
screen coibengnvedbdoor ibl adleocdarenyedshanecthéi fglbowbng £oast ngndl7
January 2gg@ogaesg 5a5fzé§5ﬁt9£ﬁ§ﬁ50 Pkgﬁghgg conpositions to which the

invention is also directe ave owng first and second sets of
constituent coWp8néhrst ppéariksblpokbieriubiie-Ebrningdechposihionoiposition

is 5 gonpemgdskll ﬁﬁiinlah% 66) (ﬁ)pel w%gn&rﬁe”@%gguﬂévhgg agxyal kyl ene

chai n- bearln% g k¥V|n al cohol "unit surface ea material,
and (E) aC&&R4k¥Lifbe FRpdprhparing EﬁéﬁﬁanﬁélalGQh@Ieuéib%trbﬂé form ng

conposi ti parye soeFResedrphi fALbLYa0f 44N @EPOEYHSﬁ&ﬁcENB%QQePi‘é{lng 10

| kyl h b hol t d h
rbes! I nicanl o THRCEPGRAA BPUBELZaPes aLPaFGa0echoimint o ADARL BEORI doand

(E) a condawppsednprémaalilyThe pﬁDyaepomymaﬂpeuedmpseﬂdaﬁaegﬂgonent A of

the fj4 st I c or ention
iy bl of orREiRE1ERR. EnSLRChERHESLORLDG: ROTPERLERAE Bhidba BERonent A o
t he abovecﬁﬁﬁéﬂnﬂebaV1n§tCaﬁaSéénbaUleefenctmbyak gnuppsLt(Dmsafmargéectrlc

doubl e- | axarraeaParehOhssBlshle LAYOPE) o8 olhfaleige aulaggarea mieria

~serving as congonen pl ca on na erral having a specific
‘surface of r F%rEﬁimeFiPeSQPPSBBdnEF@d ﬁﬁr@owp@nenﬁbhyoﬁttheaﬁtrgtooo

e/ g, andpamaripaaieramwtfbaalioﬁﬁ@ngocsmﬁeglﬁ%ﬂ o2nfh8ayhpandioaver age
and especially from5 to

50 pri® a7 cpScofi Eh8:Bdnt, B2becRn theber aebhh, CPEpEEl e chuLapcRt ne
above . component A of the above-described first and second
electrolyte compositions for electric double-layer
capacitors of the invention.
The large surface area material serving as component D

20 is typically a carbon material having a specific surface of
preferably at least 500 m®’/g, more preferably at least 1,000
m’/g, and most preferably from 1,500 to 3,000 m?/g, and
having an average particle size of preferably not more than
30 pm, and especially from 5 to 30 rm. At a specific

25 ' surface and an average particle size outside the above
respective ranges, it may be difficult to achieve an
electric double-layer capacitor having a large electrostatic
capacitance and a low resistance.

Preferred examples of such large surface area materials

30 include activated carbons manufactured from carbon materials
by an appropriate treatment process such as steam activation
.0r molten KOH activation. Exemplary activated carbons
include those manufactured from coconut shelils, phenols,
petroleum coke or polyacenes. Such activated carbons may be

35 used alone or as combinations of two or more thereof.

Activated carbons derived from phenols, petroleum coke or

-36-




respective ranges, it may be difficult to achieve an electric double-Iayer
capacitor having a large electrostatic capacitance and Iom/rﬁﬁgétance.
Preferred exanples of such large surface area nateri-als

activated carbons manufactured from carbon materials by an appropriate
treatment process such as steam activation .or nolten KOH activation

Exepl arypadyjacahed adebpisseackipolash mpaNGas! YEede LOTLERSENUL  Shel | s

phenol s, getroleun1coke or pol yacenes Iva g€ 35
used al onS2BACAEaBERbiI nati ons of two or more thereof. Actlvated car bons

deri ved fron1pmheobmouﬂetbﬁ|%ﬂ@liakgeoéu%§aé@”595¥ ﬁQQérEQiyiﬁSTﬁaeare

preferred go mchleV|ng ge el ectrgostatic capacitance of
the | arge2SufParangPEa nﬁFePF Ferablydégoma§0eokpoReRPOPaStar BYerably from

800 L?SZ ﬂemgpantanﬁyeﬁpeeugnuytaodoesmacgabby pasf bo gggggtpaﬁg§ by .

wei g P a meri ¢ conpound Serving as

corrponentig\0 #ﬁgtgdé&twgﬁggg g% tﬁﬁc ﬁgﬁﬁgxguP?EE@uﬁﬁeﬁerﬁﬁPSrﬁﬁl may

| oner theCBBRENSDEeAgt hThe aHldipdbar bfakbe mﬁanREQd@ é@fﬁh&@ §98ROsI tion,

resul ti ngmhRep9 e t 0 [ tor t he_ot her hand,
el a Qi AAPCIbAR End bFHE §¥E33§EH t ?ﬁ% B?FQE%ZGPl?ncreaS|ng

too little_lar surface area nmm
the resiStgft ogﬁdfPSWéPBngomQ@Seépauhtaﬂeelbingoiarpzabladhebﬂohrﬁdes

produmed £hemcheenel abizabiere! coh! efe- Beﬁaﬁnﬂan80”988'i P1e 170708
conductiv teri used. as nponent SU|ta aresl
capabl e o n%ﬁ?%r?Fﬁﬁ @FEEFFFEaWaYCBﬁHGCFhﬁlﬁﬁf@@ttﬂﬁ pcbaeﬁzabgethe

eIectroderéaiatﬂgceCanﬂ0$DWeﬁmng|thésbéﬁhbiﬁaﬁéé”Bkeﬁ 1H£iﬂgﬁl arbon bl ack,
;Ketjenbla§fec@£ﬁ&¥geﬂgoahggg arbgg kers, natura? aphite,
artificial graphi t¥PBefhe Bﬁ aﬁ%Fﬁpi?celﬁﬁﬁﬁﬁﬁg S0ENing

titani um SXPBRS AREOR Ut heni um oxi de. Any one or conbinations of two or nore

t heregf may ber e S n k_.and acet bl ac whi ch are
both types o Qenéﬁctiﬁé g?géf&h e?%%@ a$ go%@%?éﬁg ga??YCF% 8¥e 25 of
t he condu%?+€%b t%?F%?lﬁ%mﬂePaP%epaﬁf@eaﬁeyriugteleoﬁrlcal

conductivity to the polarizable electrode- -forming
composition. Tllustrative examples include carbon black,
Ketjenblack, acetylene black, carbon whiskers, natural
20 graphite, artificial graphite, metallic fibers, and metallic
powders such as tltanlum oxide and ruthenium oxide. Any one
or combinations of two or more thereof may be used. Of
these, Ketjenblack and acetylene black, which are both types
of carbon black, are preferred. The average particle size
25 of the conductive material powder is preferably 10 to 100
nm, and especially 20 to 40 nm.
The amount of conductive material serving as component
E is preferably 50 to 500 parts by weight, and especially
100 to 300 parts by weight, per 100 parts by weight of the
30 polymeric compound serviﬁg as component A. The presence of
too much conductive material in the composition reduces the
proportion of the large surface area material, which may
lower the electrostatic capacitance of the polarizable
electrode obtained from the composition. On the other hangd,
35 the addition of too little conductive material may fail to
confer adeqguate conductivity.




nm and especially 20 to "40 rim The amobunt of conductive material serving
as conponent E is preferably 50 to 500 parts by meight nd es ally
100 to 300 parts by weight, per 100 parts by wei ght of m§@nb§ﬁyherlc
conmpound serving as conponent A. The presence of too nuch conductive
material in the conposition reduces the proportion of the |arge surface

area material, Whhali BBdn LOVEBoLUCEhESILOR a4 CpCARAC! apRg gl cLbe

pol ari zabl e el ectrode_obt ai ned ron1t e conposi tion hand, 35
the addi t PBhaBizabee| elertredeufiornied reempositioy o8 theoinventaéenadequat e

conducti vinay. iAé¢1dasuaiyo 20041 1t f8di $6PPehP. abPquQEP?PEGQtéxém Pegand E,
the first Epolgg?ﬁible el ectrode-form ng conposition t he |nveRt|on may
o]

i ncl ude af £i fglebingnsolyents inglyde NamptEl-3f suitabl e

di | utimg perrenidohac! ad@tbhﬂei-byé 2t§ti@éaﬁf@i:d>fl@f@m a&@éﬁ@hé“h@th
tetrahydrgE eth | oxane and Xylene

cet on
gl ycol dInE#% keﬁ?ﬂ%r fF’?e %ﬁ?? aRg e €F¥ﬁ??ﬁgg%5?9%n@1?§ Bﬂaed in an
amount of eBDero 1Boeferablpy tkeghilpeingOfopecht by #edght inohnt he overal |

pol ari zab CLEO r 0 _The I nd used
as conponéﬁ?ﬁgfoéf ﬁ@ £§eg%§gpggfg?$¥ %lg%%é%??oﬁ€8 %?ﬁiﬁgbgo nggﬁFlon of
the inveffi bhenayeseldf peharianele ypteasredepborning compheition.
earligy-describgd Hbighepd é@ﬁﬁ&@n&'@géﬁoﬁﬁt80@§898ﬁfthoag iRE electric
doubl e-1 ayer capacitors of I nventio ound havi ng
crosslink BF%n@uﬂe%?BhéPbb?o%b%cﬁﬁ?@% f@rmh%@dcﬁ@P@Shtagnc@ﬁp@h@nt C may be
of the saﬂnvéwsaoﬁSmayon@oaﬁnthg ﬁzﬁ!méh ardsesodpsathbed sacend

“electroly Sitio 0 ctr oubl e capaci tors. Mreover,
‘the |arge£§ur$§%£8%?8ﬁlﬁ%% £+5fgs%? ﬁ@c%% c%L%éFEﬂ%Y afgmpEsifaons
conductuvéona@bechrlsedouhgeasayenpompmclfbﬁnyobetné ih¢entdbh. The

respegtiv & 0, v described first
poIarlzab82h58§§?r%%9£ﬁgtgf?é$l£%ﬁ$ﬁlg fﬁ%%ﬁ ?%%f §ﬁ°“80nﬁ§&ﬁ§ ﬁEV|ng
crossl i nk3BPd ReReinonal corpopenbsCimay keroBsthe sampohtepe @sis incl uded

in an anoddipohed ¢0in the earlier-described second electrolyte
. composition for electric double-lavyer capacitors. Moreover,
the large surface area material serving as component D and
20 the conductive material serving as component E may be of the
same respective types as components D and E in the above-
described first polarizable electrode material of the
invention.
The compound having crosslinkable functional'groups
25 that serves as component C is included in an amount of 10 to
100 parts by weight, and preferably 20 to 80 parts by
weight, per 100 parts by weight of the polymeric compound
~serving as component A. The large surface area material
serving as component D and the conductive méterial serving
30 as component E may be included in the same amounts as
indicated above with reference to the first polarizable
electrode-forming composition.
‘The first and second polarizable electrode-forming
compositions of the invention have a bond strength, as
35 determined by a method in accordance with JIS K6854 (1994),
of preferably at least 0.1 kN/m, more preferably at least
G.2 kN/m, and most preferably at least 0.4 kN/m.
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100 parts by weight, and preferably 20 to 80 parts by weight, per 100
parts by weight of the polyneric conpound serving as c??ﬁonent .. The
| arge surface area material serving as conponent D and ive
~material serving 30 as conponent E nmay be included in the sane anobunts as
I ndi cat ed above with reference to the first polarizable electrode-formng

conposi tion. Thgef a.fl%neﬂgns,%gﬁaéee%gobze@' §%§éﬁ££9f§ %f%&ﬂgaes

conpositiops of the invention have a nd st ermned by a
net hod i nVa3¢EBr BRfcBTRARAed| BY Kegahing oty ab@vepfereta@m@ secordst 0. 1

kN 'm nDrpoQ&QEQ&BDéYe@éct@é&é f@rﬁlﬁﬁyebmﬁﬂglﬁﬁéﬁsp&ffﬁﬁébi%Yéﬁt+8ﬁSt 0.4
e

KNm 17 January Il nvention relates also to polariza el ectrodes
which are BF8dGCEHrB?nEoﬁ?}ﬁ@CFﬂE above first and second polarizable

el ect rode- fornThg Cﬂﬂreﬁtttomie@foihﬁslﬁﬁéﬂét&ﬂl OGﬁQ ﬁaggrégn&eggilector

5 The cur refer Al um num and .
stalnlessiipheﬁ §E?§ gﬁ??aﬁ? isaﬁﬁtgi h%%r?%hFaE%?l@Et%?gaﬁecause of
their h|gﬁucgﬁnbscohlectersthacauséjuﬂ1ﬂhﬁirshﬁgnecoﬁfbylaﬂvantageOUS on

account ht ng_| C esi stance, 10 The current
coIIectorgﬁgigﬁghF% an§fg%5§uﬁlgsf§¥hghgﬁé%y év MEaPPOUuEBANABE Rl , a
sheet of an%EFeHlﬁBFaWeigbbranérl@WshbectnicabanaHEShancA foil-type

col | egd or haVImﬂeacukbéﬁkrﬁéilgétgﬂ h&ylﬁg Rl é%eéﬁfféﬁiéyféﬂMa“§§8§@”S

because it is i or stack and I NneEXpensive
netal foi PS8 ﬁﬂb oy8dPaRdeficmetirt end €BFPEcPﬁr51n ergd @@Eﬁlaﬁlbeto use a

cEen1caI oelacsheeheafCﬂbaﬁrm@€a§LcaA fﬂgﬁﬂﬁyﬁé éﬁﬂﬂéé?okhﬁaﬁFﬁ§aﬁe becguse
‘this I npr osen cont act et t he pol ari zabl e el ectrode
and e SHESKhESs, 6020 G0t PB.ERo s cermeaiRLly cntvhat apanes apeuse
eIectrodelbflsheaSﬁvEQtrohlnay bEackoangdrbyaap@éyyngnéhﬁeﬁbiﬁé or second
p0|arhgabhﬁeneﬁeﬁéEEﬂeféfinlgge ?f@ﬂeathgntﬁ§t8u£PSPfuégfﬂ ﬁollecgor to a

uni form thi ckness using a surt ans suc co8 g Wth an
appl i cat ofSr@pfirabiee ocBﬁ?lﬁgGhﬁméﬂél: electrochemical or physical

means to roughen the surface because this improves the
closeness of contact between the polarizable electrode and
the metal collector and lowers resistance.

20 The polarizable electrode of the invention may be
formed by applying the first or second polarizable
electrode-fdrming composition onto the current collector to

- a uniform thickness using a suitable means such as roller
coating with an applicator roll, screen coating, doctor

25 blade coating, spin coating or bar coating.

In cases where the second polarizable electrode-forming
composition is used, a polarizable electrode according to
the invention can be obtained in a semisolid state by
coating the composition onto the current collector, then

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

The invention is alsoc directed at an electric double-
layer capacitor comprised of a pair of polarizable
electrodes with a separator disposed therebetween. The

35 inventive polarizable electrodes described above are used as
the pair of polarizable electrodes in the capacitor, with
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25 bl ade coating, spin coating or bar coating. In cases where the second
pol ari zabl e el ectrode-form ng conposition is used, a polarizable el ectrode
according to the invention can be obtained In a seni soll7 2435y '
coating the conposition onto the current. collector, then 30 holding the
coated collector at 60 to 1000C for I to 6 " hours. The invention is also

di rected BbtRNe&b8ErbAEsUPHDLRe hAVE! pFEPECABTY GOIMY I SN Samdi r Of
pol ari zabl e glec rodes with a separator disposed therebetween. The 35
i nvent i ve®BBFAFRCLBPR- el ectrodes descri bed above are used as the pair of

pol ari zabl e el RcEiedestipet bE sa8pagator, thht dy pvarnusdy £90dnhdot h

el ectrodeg_in the pair preferably being.of the sane  construction, A first
type of s%ﬁg?g%ﬁyetﬁﬁPaﬁﬁgoﬁegﬁséﬁogﬂcgﬂebyi+Nﬁﬁﬁ$%%¢%%%a§i?%Pa¥§t%?oduced

by i npr egaubshgatiesepahabnr ioh-sohgtcdiee Wd i adon Bant wDigl usdiweion.
sal t - cont &, i 1.0 parat ubsirate may be nmateti a

commonl y §§§d9§g3§59é£pgﬁg%gfaﬁﬁbﬁéfaﬁé %Hm% %5}$}cc%ﬁmﬁﬁiﬁl%®% as a
capaci t or §eparatost subsveabganpl esechriadéopnl €t dydeneapanivoves. f abri c,

pol ypr opyk engsReRNQYEN ' ' e é?ﬂy Lo i QOr ous
film kraft ggger, s%eg%gﬁg%%sf$§%¥§§%lgﬂ 0 ?%?%ﬁgééﬁ%Y%gaﬁ%sg}gél
fibers, nBRI¥YBTABK)HCRRcBPNWEVERsTabrier BptEestewn| nepveeenafabriCect rol ytic

paperio PapEFENBOgoul’ eMhayRPaftPBEPerpPasREc tRIRIAT £FbR &! 80En&T ogel | Ul OSE
and glass_fibers, and canbLnailgns thereof in the formof 15 nmultilayer
sheets. Th&YPBnIiBRHGCPPIeSLSAL- ESRPEF ni AEPLLR UBSBRA $REEBMPBLRES of an

i on- condu€ibee sheéetandehlsbbuenbasapfabllecofol gt ssopabag, t papsal hadwhi ch

‘ray be of ' t ot l.on, mcopnductive. salt and e. solven
har oot 5508, BATEN $EBeES . BipetoHaatORENS o B18R0" of BeliBLERRERE: 1 o0
and secofiagsefibergt eagdnposbinahiohsr thereofi tndbbel Bormyef capacitors

of the | nyemti®8yeFhenk@psconductive salt has a concentration in the

I on- conductive ﬁalt-contalnlng solution of preferabl¥ 0.5to 2.5 nol /L.
, 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 salt and the solvent thereof exemplified

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

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

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

35 any of those mentioned above.

Specifically, a separator produced by coating or
impregnating the separator substrate with the first
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25 The separator produced by inpregnating the separator substrate with
this ion-conductive salt-containing solution may be placed between a pair
of the inventive polarizable electrodes and a given .f ol EdaRyH5Y P& t o form
an electric double-layer capacitor. 30 A second type of separator that may
be-used hEEEIn I's . produced by coating or inpregnating a separator
substrat e® ﬁFFﬁ°iHEeaEBWB°§é§£¢Pbﬁﬁrfﬁle@tDICSéoohﬂeelaperocap&ctbmpos|t|on
for el ectofctHaubheeheysh Eépﬁihééﬁsbéﬁwégﬁ 3 ﬁ%fftbfnt thnggggiééor

0

substrate_u I'S_Ccase na any ose nenti one

speci fi caPP arézggig %8Ft5966écﬁﬂdb? 96&??n@r%$8urﬁp1%gﬁaplngdthe
separatorfenmsanaememtfbcth@uﬁléslayérJé&? &Yt 804 gi@§£ﬁ9{¥3§l%on305|tlon
he

for eh;ct éﬁaQQHQ% aci tor i nvention IS aced between a
pair of t e rnventi e’ BS? ¥aﬁ?@tﬁ?%c?¥OH%B?%%Haﬁiﬁgvﬁhep$%B@U¢bOIs
appl i ed t§UD$brﬁtanW$tthheCSdOdbﬁEeléuﬁfoE?@@C¢éﬁﬁgsf%i@ﬁn@étvely, a 5.

separ at or d a o] nat i t he_separator substrate with
thg secon%P% g%%?o %fgoiaggrt%%%ggbfg %gtF?% ﬂ%ﬁ%?%l?%y%$ RL@%R4t of s of

the i nvenPfBfeen ela@w oﬁetheenmae@mveopom:elmwmtey@cpﬁd;@és zahh ea

el ectrode a@g e S f W which.the resultin
10 assembly. | B?’é?ﬂ*‘é‘?é'e%é catEetp 20D I O e IRRET G ho 11
t her ey f%%/ﬁ?’ﬁ Bt el 2t dévibte- 189 efior chpbei 8 ohours t o reffgpe of

separatorcmhﬁmgnayhefemﬁeﬁormfﬁgl@nléleggfp@sg 5&ea1$9éfgdpolyner
electrolyd%ﬁ%?y obtained from 15 the first elect yte conposition for
“ejectrlc e-Tayer capacitors of the invention. in this case, the

pol yneri c corﬁmﬂmﬁrl Getwagoﬁssemmﬂ@ﬂttwat Qnéy*eb%lﬁﬁéd%@ﬁé:[ﬁ)'iée :
conposi t i Gy tri ) the _Jnvention Is
pr ef er abl J%%%N?HEF 4 gf&pﬁgl sol %Féf%?i%%ﬁ FYHG EFRELI BRPy | arge
aver dge débﬁ’é’éilé‘?rt %bqacg/mlrzmlmmpamnm feheelwetape degsbe- Diyer

pol ymer i zedpi teisd Hf @le | £894nL0on aNdi St £T L 20! yt%tﬁ'ofyrn&r gnge of 20

to 2000.
compound serving as component A in the first electrolyte

composition for eleckric double;layer capacitors of the
invention is preferably used in a solid or semisolid form

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

Specifically, the first electrolyte composition for

25 electric double-layer capacitors.of,the invention is applied
onto the surface of a polarizable electrode to a uniform
thickness by a suitable means such as roller coating with an
applicator roll, screen coating, doctor blade coating, spin
coating or bar coating, and is cast using a doctor knife

aq applicator. Next, another polarizéble electrode of the same
construction is placed against this cast side and a pressure
is applied to the assembly such as to give the applied
composition a predetermined thickness, thereby yielding an
electric double-layer capacitor.

35 A fourth type of separator that may be used is composei
of a solid polymer electrolyte layer produced by curing the:
second electrolyte composition for electric double-layer :
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Specifically, the first electrolyte conposition for 25 electric :
doubl e-1 ayer capacitors of,the invention is applied "ontg the surface of a ;
pol ari zabl e el ectrode to a uniform thickness by a sui t dbrama%s804%uch as
roller coating with an - applicator roll, -screen coati'ng, doctor 'blade
coating, spin coating or bar coating, and is cast using a doctor knife 30
appl i cat orcapRsiittormnatfhathep dindeinzdling eliectihade dafsel Ngpsa cop@nstruction

' ' ! & ied t0 the assenbly

" is placed ' i t .si.de d a_pressure 1s ap
'such as téi%?gg%{ﬁe agﬁﬁgéﬁl 88ﬁp%§FtFBRQ§IHFEQQF@%Q“AéUe¢hb@@ﬁ@dipxﬁhereby
yi el di ng tee dnvien tdonblie- lappdi edapatiot @he dar¥abeUbleh ot ype of separator
t hat may 14386 53 «C . f sol,i d lLyner electrolyte |ayer
produced §§#puriﬁgafhgﬁgggggg gFe PPOH?F?%E&HBO§Pt?oHnﬂ§PIEHectric
doubl €2 | ay&tCkRESE7 byagusinji tadls vepasi soch ab HodleRvedhitdg WA thhas case,

t he seconappgliesitoe! ¥oq1co i el gctric ubl e-l ayer capacitors
of the inveﬁﬁLon‘is ap ﬁie§9%%F§ %ﬁgggégfa§§c3pra%iB§PaFP?§BP8-e?@éprode of

the i nventiP8hd STuRPFofRASingi.cRAdsdshypastsustiahl e deensrskalisas rol | er
coati ng wapplaecatagp! i Naker &aAbthe$C kg I,..bl ade. coati ng,

Spi n Coabhﬂgtgﬁ ar Coatigg, andeisbgggfﬁgg%%g glggggggekﬁ?fghea5599Cator.
Next, another polafi ZabfePEPEetr 8g81nFtt kbisamastcsider aoti enpresphaecd
agai nst t ASsappitiedi do &hd aspemBIyr eudfl hs %epgheé Eﬁetggpiiﬁﬁ”b|y such as
to give themaBRkksHn ogggagkion.a Hrggetﬁrnine t hi ckness. e assenbly is
then held at 60 to 100€ tor I L5 §h&arSkPEssrf eChecaprRgblyt hisr dbpn -
yielding BﬁlgléétﬁpctﬂomﬁpéclﬁyerlcapaeihonrsThuSefEB@tebﬁE&th
_doubl e- | ayrereBpagiboasngf ahh BY.eRL] n have_a variety of
constructions gfﬁgndingngnaht%ééég??¥c§ ggisgﬁéyﬁﬁtFSRaSFtBBParizable

el ectrodes, s % P at b€ afidieAbRagudeubleolarar gspdcRubasi sabtheel ect rodes

20 (1»5 (2}nvention may have a varjiety of constructions depending on
the particular combination of polarizable electrodes,
separator and nonagueous solvent used

—_ m

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

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

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

- of the invention as the separator situated between the pair:
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(3) (4) (5 (6) (7) Conponents A. D and E-N Conponents A. C, Dand E Wn n
Separ at or Conponents A and B Conponents A, B and C Cbnpﬁg nts AQOE and C
Conponent B Conponents A and B Conponents A, B and C-No §H@5ﬂ¥ %Ivent.
not used not used used used not used not used Conponents A, B and C | used
BY using current collectors coated with the first or second polarizable
eIectrodeofopﬁﬂﬁgiéeh%aseieohradeshetnere can m@I@btgﬂmé@ gigrtrodes.in the

| t t 1
i Tty bofauebenbAe e1688A8k| 868y 0E 1 AFek MSTALDhonk 1 WRESR BhE, o
material . P O&BF669BE9 Q%eﬁtﬁﬂéeabayduthegseperdtmstane stxmbg behéedrol yte
conposi ti oA £AbsE! @&&éh%ﬂ%{dﬁk&é&!&ﬁ 4‘21?%&5{1% Z?ol?g%ﬁégfe' nvention as the

separ at or iitgatgd bet ween
5 electrodes and the separator (electrolyte composition for

electri¢ double-layer capacitor, or solid polymer
electrolyte) share the same constituents, the interfacial
- resistance between the polarizable electrodes and the
separator can be lowered, making it possible to obtain high-
1q guality electric double- layer capacitors having an
outstandlng performance.
No particular limitation is imposed on the shape of the
; electric double-layer capacitors of the invention although

film-like capacitors are preferred. One typlcal capacitor

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

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

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

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

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

35 - The following synthesis examples, examples of the :
invention and comparative examples are provided to
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of pol arizable el ectrodes, there can be obtai ned high- performance electric
doubl e-l ayer capacitors in which the polarizable' . electrodes and the
separator are firmy bonded. In those cases in parthuﬂ&HaﬂH@WQOPﬁe

pol arizable 5 el ectrodes and the separator (electrolyte conposition for

el ectric doubl e-layer capacitor, or solid polynmer electrolyte) share the

sanme consjnt t i facial si stanc el ween_t he | ari zabl e :
el ectrodes aﬁgﬂ%ﬁge EE%a?gfééeggﬁ'b%ﬁﬁoéﬁ?eﬁ?gngﬁﬁﬁﬁg?@ €33££%1E theobt ain
hi gh- 10 qfgPPeythereefic doubl e-1 ayer capacitors having an outstanding
performance. No particular limtation is inposed on the shape of -the-

el ectric oy ayer capacitors of the invention, although filmlike
capaci t or 8&re oty

preferpdgeiiche typical capacitor i's shape that nay be used
is a aylindrical r688PEoRTeyEE1 bRy ppdh N £5 ' u h_of
cont?ﬁu%%s Pg%g?hg %?ﬂ%#gggr%%%ﬁ€%£fggﬁ1an

{ { yeer i1 of _
ngﬁéﬁt?rcﬁﬁﬁﬁggggﬁrﬁgiéhéaﬁ?%ngﬁtwﬂiﬁhtapﬁom%hﬁﬁﬁmzleabcoholyte sol uti on,

and encl ofavgrage ﬂ@@f@@ﬂ@fe@oﬁiﬁaﬁﬂga{ﬂoﬁ.290@yl$fﬂficgicgﬁgfed-end case.
Anot her t¥g%§gl capaci tor shape that may be-used Ts" a rectangul ar shape

arrived a 1aR ¢ c798E bignd 22 pamt s by welghy of aestemsul aknel ectrodes .
as the posibédgs 3G HELGH | &€ £! £ft |t rators..therebpet nto
forn1%n q{eqzq%,.inggegnai?n ft%%‘%?%ﬁ%ﬁ¥& éﬁi§§€h°% ) e%§8r8¥§§?rolyte
sol ut’i%n, MAnd- 2rRRBET Ry (WeightwEghter wisneredual by reddedguhder
C'FFEd'??ﬂttﬁsﬁngjh@n@l§fif¢£?@GM§§e06fwfﬂ?&@995ft65élﬂ%uﬁhgtiPXSHILonk are
wel | - sui | n-g,vaniety of applications, -1ncluding renory backup
‘power sup%%?%%r#g&% eg{l? gifﬁfs FPLY ‘B‘HE‘F@SSW%]-})%r%@Qﬁg evepulers and .
poatablﬁiﬁﬁiigﬂégigi ?ﬁwr&es,s¢lmtioﬁuwp|??ﬁpéﬁt@rt e@é+@§fsg??l conput ers
and o 1PEHA Sidd [, out ages.. W sol ar_cells as energy
st or age g";r,{%tgerrs f.or so(fdz;;B pom%ﬁ%%??o?f%‘ﬁ%t?me'co%?n’é‘??%ﬁti‘/\ﬁ"ﬂh )
bat t éri edAELRIR i3S iTREDART & Uppiresat 350 Thetd obfPwbgtsynthesi s -
exanpl es resilos aftdiing WA 4 QpRd LOTPARMS VeddBIBh oS are provi ded
0 a -
fﬁgﬁﬁﬁé%{%n, whereupgn_tpe polymer precipitated from the
-mixture. The p;ecipitate was collected, dissolved in:400
| parts by weight of water and neutralized with acetic acid.
20 The neutralized Pplymar was purified by dialysis, and the
resulting solution was freeze-dried, giving 22.50 parts by
welght of a dihydroxypropylated polyvinyl alcochol..

The reaction product had the molecular structure shown
below. ‘ - |

“‘(Cﬂﬁfﬂ%'f‘aﬂiﬁxﬂh—‘
OH"
Here, DHP represents the-dihydrbxypropyl group which
has formed as a result of glycidol addition. The structure

is that of an oligomer chain having either of the two
linkages_shown below.

.25

-

DHP = —— (CHyCHCH,0)—
b . O
= . —(CHCH0)—
L CH,0-
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illustrate the invention, and are not intended to linmit the scope.thereof :
. MIH ESTS F aeea g i 5 A reaction vessel equipped with'a stirring el enent ‘
was charged-with 10 parts by wei ght of pol yvinyl aIcohdFJaOﬁV¥?9§% degr ee

of polymerization, 500; vinyl alcohol fraction, s98% and 70 parts by

wei ght of -acetone. An aqueous solution of 1.81.parts by weight of sodium

hydr oxi de 10 r S added under
stirring, and g?ﬁr??ﬁgﬁ Eﬁb%ﬁ%ﬁﬁ%ﬂgg ?ﬁs$g%§£h§%rc§i g%#$at%ﬁperature To
this sol ufpéﬁomsfﬁﬁadﬁhﬁl‘yeaﬁhdeﬁvéheaPVbechedgeﬁ 8néioths wesghtitodHn of
67_parts puewprelificef ob8hyaedol in 100 parts by weight of acetone. The
resulting 1s mxture was stirred for 8 hours at 50C to effect the
reaction. Stirring. was stopped follow ng reaction .conpletion, mhereupon

the pd yméunptembpietated ﬁéﬂ@hth@fnpvhw/?unihemBiEEhﬂafaﬁélﬁﬁﬁ o
and néutra IZE

collected Ived 400 of water

Wit h- acetlggé giveza gﬂénﬁgugf aQéglﬁﬂlgﬁeP wastpupf s gdBchgoli al ysis, and |
the resulting solution was &4¢ele drved) glVlng 22.50 parts by weight of a :
di hydr oxypr opyl at ed polygin coh % react duct had the

nol ecul ar structure shown % gﬂ/ C?ﬁ Eﬁﬁﬁ &d éﬁgtﬁﬁg gS oieEtRp | 25 -
" Here, DHP repr@ﬁenrgduhé)dihydroxypropyl group mhlch has fornmed as a
resul {o of glycidol addition, The gteycture is-that of an oligomer chain

havi ng either of the two I?nkagesfshomh below. DH, F _ (CH2CHCH2O O
.(C HCH20) - - CH20O -44 17 January 2004

- The average molar substitution calculated from the
'; ; yield is thus 0.74. | '
FIG. 1 shows the ’C-NMR spectrum (DEPT spectrum
15 measured using a Varian VXR-300 NMR spectrometer, with.D,0
as the solvent) of this product.

The average molar substitution detefmlned from the C#*
- carbon signal 1nten51ty (A) of the -C*H,-C(OH)H- units from

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

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

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

SYNTHESIS EXAMPLE 2

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

35 as calculated from the yield, was 1.37. The molar '
substitution determined from the NMR spectrum was 1.49. The
ratio a:b was 0.6:0.4, and L was 3.73. :
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The nol ar substitution (MS) can be calculated as follows fromthe weight
of the PVA charged and the weight of the product obtalned 5 (unit
mol ecul ar wei ght of PVA)/ (unit nDIecuIar wei ght of PVA aé?PWﬁV?9@4obtalned

by addition of n units of glycidol) 44/(44 + 74n) = 10 (wei ght of charged
PVA)/22.50 (weight of product) 10 n 0.74 The average nol ar substitution

calculategxﬁmggggggExlughgmhs thus 0.74. FIG 1 shows the 13C NMR spectrum
(DEPT spectrum 15 neasured using a Varian VXR-300 NVR spectroneter,

- with,D20 as t er§6F§éﬁP)V6$99h|§QBiEEadtWltheaasblagmngnéhemsnbsWasut|on
det ermi nedhhrgsat heth* 10C36PE8 By IRakghpt stbzﬂr(vﬁ}r? %lg o H2. A OH) H

units fro vtJb:e unreact ed PVA and t hesi gnal ens the other 20
car bons Breg9e PRILNARI PEoROLYReTiFEatirBA éﬂoﬂnVé&E leQEPQ C(OH) H) -

units gdetgfa}; b aLi /g ) and (C) was 0.57.
“Accordingly, F%g?ﬁgagggeeé?gr%%?gﬂgktgn%§n§éiﬂ§§bé€‘25 0.43. Hence, the

aver age | 8fgehhylsnifpsideir chani aguesuk. soliBibn=of. ﬂlslsﬁ&EtESbﬁ EE2 30
A di hydr ogyperpybat y o] S e sa nmet hod as
in Synthe3|s§Exa EQd?Q%X%%&¥bxﬁhg ?§42m@ $£€§a£&ewﬁ¥?h%f IV@ 8B was

used. ThéW9Fe98a§B§l%E @Qdeéaﬁﬂgebysﬁbrghng Tardagstimgengowas substitution

by di hydrwupm@ea ﬂarténenhéﬁﬁusedreaﬁlotéﬂ ePQJtMi‘%”Y' gl ephgl . 35 as
37. The stl ut 1on detern1ned

calc ate the
fromthe %%tVﬁ%1%ﬁ§aEg$§Y ?ﬂ@edrﬁ?ﬁﬁ @: Betagdoos: 3. Bougadal was 3. 73.
17 Janua$91QDDﬂnSWSHGESb&rE%ANFhﬁéﬁgﬁtr6ﬂ0§1981&6§5§h f@ﬂ'ﬂ@fgs“b§h a
'stlrrlng @éfﬁﬁetofaélmethylsulfox1de The resulting mixture was
o stirred for 8 hours at 50°C to effect the reaction.
_ Following reaction completion, a ﬁhiform solution was
15 obtained and so this was diiuted with wéter and neutralized
with acetic acid. The neutralized solution was purified by
dialysis, and the resulting solution was freeze-dried,
- giving 30.01 parts by Wéight of a dihydroxypropyvlated
_ polyvinyl alcohol. The average molar substitution by
. 20 dihydroxypropyl units introduced onto ﬁhe polyvinyl alcohol,
as calculated from the yield, was 1.19. The molar
substitution determined from the NMR spectrum was 1.23. ‘The
ratio a:b was 0.58:0.42, and L was 2.93.

25 SYNTHESTS EXAMPLE 4
A hydroxypropylated polyvinyl alcohol'was‘prepared-by
- the same method as in Synthesis Example .3, except that 53
parts by weight of propyléne oxide was used instead of
glycidol. The yield was 24.63 parts by weight, and the
30 average molar substitution by the hydroxypropyl units
introduced onto the polyvinyl alcohoi,'as calculated from
the yield, was 1.11. The molar substitution can also be
calculated as follows.
{(unit molecular weight of PVA)/{(unit molecular weight of PVA

35 derlvatlve obtained by addition of n units of propylene
oxide)
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charged with 10 parts by weight of polyvinyl alcaohol (average degree of
pol ynmeri zation, 500;-vinyl alcohol 5 fraction, z98% "and_150 parts by

wei ght of dimet hyl sul f oxi de. An aqueous sol ution of 1.81JBa¥ans2804 wei ght
of sodium hydroxide in 2.5 parts by weight of water was gradually added
under stirring, and stirring was continued for one hour at room
tenperature. Te tm45(4@ $0$@ﬁ)on mas gradually added over a period of 3

hours a solution,of, 6
wei ght .

g ht of glycidol in 100 Farts by

7
of dlneth§V§h9¥Bg$€e°h Y bgeighi of epye@uctlirred for 8

hours at Bﬁﬁsto4ef(e¢t+tm@nyea£t|p@/24F@¢1owﬁ@gséeactlon conpletion, a
unlfornlsolutlgn was, 1f£obta|ned and so this was diluted with water and

neutralized wth acet

acid. The neutralized solution was purified by

dialysis, and the resulting solution was freeze-dried, giving 30.01 parts

substitution

b Caht of | | cohol . Th I
Lot 20, o SRR O SRERE", OB

al cohol , S%ESE%F%Ei%E teonined §ieh dtheaMA. Q@ecﬁhﬂmnwaarl Judsditution
det er i neﬂhér@é&i@ea%%e&téi% 41/@%0%5 %ig 30. 58: 0. 42,

and L was 2.93. 25 -B=HESI S EXAMPL

ed po yV|nyI alcohol

was prepared- by heK§ ggg_god as |n S ntheS|s Exanple 3, except that 53

parts by wei ght

sed |nstead of glycidol. The yield

was 24.63.parts by weigh and th F%? aver a nmol ar substitution by the

hydr oxypropyl units int Bduced o

from

CHCHE) Vﬁnyl al cohol , as cal cul at ed

the yield, was 1.11. The nDIar subbtitution can also be calculated
‘as follows. (unit molecul ar wei ght of PV@&Y4 (unit nol ecul ar wei ght of PVA
'35 derivative obtained by addition of n units of propylene oxide) 17
Januapy 2004 = 44/(44 + 58n) (wei ght of charged PVA)/(melght of product)
Thus,

is

20

25

30

44/ ) :34 63; and so.

N

A reaction vessel equipped with a stirring element was
charged with 10 parts by weight -of polyvinyl alcohol
(average degree of polymerization, 500; vinyl alcohol
fraction, =98%) and 150 parts by weight of dioxane. An
agqueous solution of 1.81 parts by weight of sodium hydroxide
in 2.5 parts by_weight of water was gradually added under
stirring, and stirring was continued for one hour at room
temperature. To this solution was gradually added 84 parts
by weight of phenol (EO), glycidyl ether (Denacol EX-145,
produced by Nagase Chemicals, Ltd.); and the resulting
mixture was stirred for 8 hours at 50°C toleffect the
reaction. Stirring was stopped following reaction
completion, whereupon the polymer precipitated from the
mixture. The precipitate was collected, dissolved in 400
parts by weight of water and neutralized with acetic acid.
The neutralized polymer was purified‘by dialysis, and the
resulting solution was freeze-dried, giving 53.72 parts by
weight of a phenol (EO).-added polymer. Based on '
calculations from the yield, the amount of (EO), 1ntroduced
was 0.52 and the molar substitution was 2.6. The molar
substitution (MS) can also be calculated as follows.
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n=1.11. 5 The structural formula is shown below. The nolar substitution
determ ned fromthe NVR spectrumwas 1.3 and the ratio a:b was 0.61:0. 39.
Accordingly, L was 3.33. H-(CH2CH)a --(CH2Cl H)b-H od &/ Japeampefed - H cH3
10 SYNTHESI S EXAMPLE 5 A reaction vessel -equi pped wit'h a stirring el ement

was charged with 10 parts by wei ght-of polyvinyl alcohol (average degree

of pol ymeri zat j -~ DY 0 raction,. z98%.and 150 parts by
wei ght  of dioxgﬁgF aﬁgegg%g%ugg%§ﬁ€t+%ﬁé%$ %ﬁ gty w §E¥ of sodi um
hydr oxi dePhpAo $§EQdsts by wei ght of water was gradual |y added under
stirring, and stirring was continued for one hour at room tenperature. To
this solution was gradually added 84 parts 20 by wei ght of nol (EO 5
gl ycidyl ether (bBgreHpHEK, 345, produ ' i Ltd.), and
the resulting nixturg+;¢széf?rred fore8 gﬁr§-atﬁ% f0 e t the
reaction. Stirring was spppped follow ng ¢gaction conpletion, whereupon
the polyner precipitated fromthe 25 mxture. The precipitate was
col l ected, dissolved igp400 parts by weight of @2 er and neutralized with
- .acetic acid. The neutralized polynmer was purifi by dialysis, and the
resulting,solution was freeze-dried iving 53.72 parts by weight of a
phenol (ESPBL d’&83388i9ﬁe?’.el@ag eff o%ng/ cunty | melerslay gheiglet yoB| BVAL he
armounts of A¢EQyStimer odtatNedves fadPriandot he wRies Stbshéisii pgoyas 2. 6.
The nol ar sub;tihgp&g& N@% can al so be calculated as follows. 17 January
f ght ?

2004 Unit nol ecul a VA Mol ecul ar- wei ght of phenol (EOQS5 ._..(
CH2. i H2 ~- OF CHECHIMR(CCHAHRYSD PVA)/(weight of product)
. Thus, 44/(44 + 370n) = 10/53.72; and so
' n = 0.52 -
10 MS = 0.52 x5 = 2.6 ' | "

The structural formula of the reaction product is shown

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

H— (CRy g, — (CH,CH),—H

OH O_CHZ(IZHCHZ(OCHZCHz)so

OH

(a:b =048 : 052)
15 :

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

charged with 10 parts by weight of partially saponified

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

25 continued for one hour at room temperature. To this
solution was gradually added over a period of 3 hours a
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OH 44 371 (unit nol ecul ar wei ght- of PVA)/(unit nol ecul ar meight of PVA 5
derivative obtained by addition of n units of phenol (EQ 5) = 44/644 +
370n) = (weight of charged PVA)/(wei ght of product) ThdéJeauary 23904 370n)
10/53.72; and so n = 0.52 10 M5 = 0.52 x 5 = 2.6 The structural formula of
‘the reaction prod’uct I's showmn below The average rml ar substitution by the

(G2 &y SLdEso by Bl B CO8 PREphE P SO L il f;
SYNTHESISWGEXKNEOE dimethutsudbfioxidsel ﬁ@m|;¢ﬁmﬂhnnglmnxmurelquelenent was
charged V“stﬂrﬂ;@dpﬁbisabﬁoﬁ@é9€£ O PILL é‘ff%%%aﬁ?é“féf&f@%pm yvi nyl

acetate (average degree of yneri zation, hol fraction,
779 and 1841p¥ipg 593%%@Ht09mpl‘é¢h%hyt13%|llﬂlb'kf@éﬂ mm®¢b|m$ on of

9.1 paHtSobjtaln@dghhsOﬁliﬁﬂé&rﬁiﬂt’ﬂr@été’ﬁ afa L0 pard 51 Vg Wel S la S+ ¥@T er

was gradualiﬁ aggg g i |rr|ng and stirring was_ 25 continued for one
hour 3Gl enpBPaRERETazefi $01ublon | 6as RRTHEIRADY AirkEsi®ver a

peri od- of aﬁdhbhesrasﬁlta‘lﬁguabyuQQ@ﬂ ﬁ@éufr@@z@-fdfﬂe@aréﬁvﬂi/ ves o of

gl yci dol th u] f oxi de. The resultlng

m xture MBQr% b??@%igg¥ 8°h %h%%r%6%9F%¥%f é)ﬁ?k¥Y¥ﬁX§ BHEOREbY | oni ng
reaction EbﬁpﬂthanXYpEODnlfonntsoimtr@@u@@@loﬂfm thebjaiyethyrs dil uted

h I '
bur 1150 By ool apacah 8eePrad AEEH MaBEk it i 0l 1SRRG

23. 45 paF%gmb';?hﬁngﬁi-daf o§ @rﬁydTb‘i’(ylp@b@!yl alﬂleﬂtpwmmydemnmiMd The
di hdeOXYﬁfﬁrﬁythénNME EpEEdUReHagnh 09 he 'Pﬁéyx\_‘éf‘i’é a:b was

0.48:0.52, and L was 1.88.

15 THEST PLE
A reaction vessel equipped with a stirring element was

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

20 dimethylsulfoxide. An aqueous solution of 1.29 parts by
weight of sodium hydroxide in 7.3 parts by weight of water
was dgradually added under stirring, and stirring was
continued for one hour at room temperature. To this
solution was gradually added over a period of 3 hours a

25 solution of 47.8 parts by weight of glycidol in 40 parts by
weilght of dimethylsulfoxide. The resulting mixture was
stirred for 8 hours at 50°C to effect the reaction.
Following reaction completion, the uniform solution that was

, obtained was diluted with water and neutralized with acetic

30. acid. The neutralized solution was purified by dialysis,
and the resulting solution was freeze-dried, giving 25.0
parts by weight of a dihydroxypropylated poly(ethylene vinyl
"alcohol). The average molar substitution by the
dihydroxypropyl units introduced onto the poly(ethylene

35 wvinyl alcochol), as calculated from the vield, was 0.8. The
molar substitution can also be calculated as follows.
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10 al cohol had an average nol ar substitution, as calculated fron1the
yield, of 0.8. The nolar substitution deternlned fron1t2 é&giArun1mas
0.98. The ratio a:b was 0.48:0.52, and L was 1.88. 15 $ MPLE A
reaction vessel equipped with a stirring elenent was charged with 10 parts
by wei ght of pol yethylene vinyl alcohol) (average degree of

pol yneri zati on, 400; al Eraﬁ 1@@ and 100 parts by wei ght
of 20 dlnethylsulf é%g&kﬁkgdﬁgg Dl ¢h 1 29 parts by weight of
sodi um hydroxide in 7.3 parts by i.ght of ter was gradual | y added under
stirring, and stirring was continued for 0 e hour at roomtenperature. To
this solution was gradually added over od of. 3 hours a 25 sol ution
of 47.8 parts by weight of'glycidol in 40 s by weight of

di met hyl sul f oxi de. The resulting m xture was stlrred for 8 hours at 50C to
effect the reaction. Fgdlow ng iy actlon conpletlon the uniform sol ution
that was obtai ned ed ter and |ze th acetic 30.
acid. The neutral|ZM%%%gtE€%FTﬁ<$¥§H§ ritied b é?é d the resulting

solution was freeze-dried, givi ng%ﬁ arts Mym&ﬂ@;h:t 3)12@

on(etherne

di hydr oxypropyl at e al cohol ). The a&grage nol ar
dr oxypro units introduced ont0't he pol yet hyl ene

substitution by the
35 vinyl alcohol), as calcu fromthe yield, was 0.8. The nolar

substitution can also be cal ddl ated as follows. 17 January 2004 -(CH2CH2)
CH2CHj, -( CH2CH OH 28 44 --(CH2CH2-j- f CH2CH)-- 72 O H O DHP

(unit molecular weight of EVA)/(unit molecular weight of EVA
_derivative obtained by addition of n units of glycidol)}
‘ = 39.4/(39.4 + 74n)

5 = (weight of charged PVA)}/(weight of product)
Thus, 39.4/(39.4 + 74n) = 10/25.0; and so
n = 0.8

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

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

15
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28 x 0.29 =8.12 44 x 0.71 =31.24 39.4 (unit nol ecul ar meight of EVA)/ (unit

nol ecul ar wei ght of EVA derivative obtained by additioi ﬂ Ebai of
glycidol) = 39.4/(39.4 + 74n) 5 = (wei ght of charged PVAf ?W&?& f
product) Thus, 39.4/(39.4 + 74n) = 10/25.0; and so n = 0.8 The nol ar
substitution detern1ned fromthe NWR spectrum 10 was O. 82 The percent
conver si ORYRTHESE B portions of the nolecule is apparent fromthe
rati o c: 0.53:0.18. L was found fromthis to be 4.44.

Tabl e 2 igy§9%?#Pﬁbm%bP9nerPVANbIar substitution (aver age degree
ofun|tReagentcﬂhneéap&ﬂtérby1ﬁ@igﬁ§rbgathg érogyéﬁgge§y PVA

(500) aosveTyEreste EEe Efapurivedo %@M |B%1|f€g|1‘23fg?7f%§§h‘én§fséyﬁp\/AEx
PVA (%O)émen@hd(wpaftﬁ Ey.ﬂéyghﬁybfe&bﬁyl&iﬂt@ﬂléla' ty eapeni fied7
Ex. 6pol yvhiyla 3661 &L £ok 290% "adaed 0.16 part by weight of sodium

hydroxide dissolved in 1 part by weight of water, and

'stirring was carried out for 10 hours at 25°C. ‘The

resulting mixture was neutralized using the ion-exchange

10 resin produced by Organo Corporation under the trade name
Amberlite IRC-76. The ion-exchange resin was separated off
by filtration, after which 50 parts by weight of acetone was
added to the solution and the insolubles were filtered off.
The resulting acetone solution was placed in dialysis

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

20 derivative. The polymer derivative was dried in vacuo, then
used to measure the conductivity. The infrared absorption
spectrum of this polymer derivative showed no hydroxyl group
absorption, confirming that all the hydroxyl groups were
capped with cyanoethyl groups {(capping ratio, 100%).

25
SYNTHESIS FEXAMPLES 9 to 14
Cyanoethylation:

A cyanoethylated polymer derivative was prepared in
each of these examples in the same manner as in Synthesis

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

35 ratio, 100%).
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gl ycidol 0.8 1 Syn. pol y(et hyl ene vinyl Ex.7alcohol) (400)71%glycidol0.8 17
January 2004 SYNTHESI S EXAMPLE 8 Cyanoet hyl ati on: Threaiﬁarts g§-¥eight of
the pol ymer prepared in Synthesis Exanple 1 was nixed AUy 6891 s by

wei ght of 5 dioxane and 14 parts by weight of acrylonitrile. To this m xed
sol ution was added 0.16 part by weight of sodium hydroxide dissolved in 1

part by “FXQHELE§w¥E£&LZ and stirring was carried out for 10 hours at 25C
The resulting mxture was .neutralized using the ion-exchange 10 resin

pr oduced E}eegﬁaﬁﬁt€bgﬁﬁpgﬁibh0@ﬁd©¢rtﬁke@taﬁ@ PovnkleAhtipetite | RC-76. The
' ion-exchapgeitessn(yps separated off by filtration, after which 50 parts
by wei ght of acetone was  added to the solution and the insolubles were

filtered of f. ThHReTPEREFEIYY G¥enerkhvbated cpolumepl desivahiveal ysis 15
menbr ane pubpagedntndsehyRediw tRampos Ng vet 4 - wdhe apebyieeawhi ch -
prec!plta%gge%hghln.%ﬂetd#algéls menbr ane tublng was_ col | ected and

r e- di ssol ved iR acit blet® Fhac tRelgmpe Rl o F et 3R MaECPPFRERed, fol | owi ng

\émi ch t_he(écgtsomBEl'4\/)/a§ne\temqraayadocﬁhfrang'Ls_waicgg ag& eyaneat &%ﬂeab%dxbﬁgdemer 20
erivatl vg, vati.ve.was dried I.n_vacyqQ, then used to

measur e tﬁglégﬁdggtrgﬁﬁ}ﬂﬁﬁ%egbgfEQPeHOiHESFpPFEﬁV &t Mm% hi s pol yner
deri vat i véxgmbhedahol hkdr oxThe grespltiibgosplubhonceasi haidguhtiar al |l the

aer | : ' ' 10099 .
28 ST L Ea gt SO 1O P b Py AR OFL Yo JASUERECTPE. BRahOkape. 10

deri vat i vE1¥&89pReBat¥ieT ndesh¥at bye t peBROTkadpedect nolbesanmpiamner as in

Synt hesi s (e38cExenpte 8omposyenent hytatiagrine §8aBESLIY§eRO! YNEr'S obt ai ned
in Synthegis Eﬁgﬂgges 2 to 7. The infrared absorption spectra of the
BRymsP

‘resul ting érivatives
The conductivity and bond strength of each of the

15 resulting compositions (complexes) were measured as
described below. The room-temperature state was visually
evaluated. 1In addition, the resulting composition was held

. at 100°C for 5 hours, and the percent weight loss by
evaporation was measured. The results are shown in Table 3.

20 Conductivity: -

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

25 Bond Strength:

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

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

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

4
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showed no hydroxyl group absorption, confirmng that all the hydroxyl -
groups were capped with cyanoethyl groups (capping 35 ratio, 1%)@ 17
January 2004 El ectrol yte Conpositions for Electric Doubil &J8HALY paci tors
(1): The respective cyanoet hyl ated pol yner derivatives 5 prepared in

Synt hesis Exanples.8 to 14 were dissolved together with tetraethyl ammoni um

tetrafl uo r ( ANBR4)_ i n.tetrahvdrof.uran su as to set the
conbi ned. Eﬁg?gﬁ%gg‘fg %@%ﬁ&m&%ﬁﬁ %%eal’%%lﬁl i \C;lg‘ﬁ ve in each
exanpl e afeasugemgnt results igexelsnbigcied telkbsindEt Htraidided jnessur e
to all ow shrbeinahydsof oL al-e, L Vi I r

derivati ve?gﬁppprte%g%f e%?&%?eﬁ%%?ﬁgg %ﬁcﬁ%@ﬁpgﬁosi tion for

el ectric 48EBrBINagefropaphei fesyltime pembukead ity agubmtantestwidiyt h of
each of thes 4B4pesul ting conpositions (conpl exes) were neasured as

descri bed bel ow. The roomtenperature state was visually evaluated. In
addition, the resulting conposition was held at 100C for 5 hours, and the

per cent WEDMPAARADIYE DRXAMPEROL ati on was neasured. The results are shown in

Table 3. 20 nduelivity: The conpl ex was aced between two copper sheets

separ at ed by gﬁ Zg‘gf%%ﬁa%%‘?n%n%l&'?fgfb%mif‘%t?l%?oﬁéﬁeer?ﬁ%gy AC

i npedance{ekasbrehyhe . cQbp@eiti Gt oyt diledihei dalshiste -engtdr was det er m ned

based;, on the.086L+ S edure standards for :

adnes, Gos SEpPEFoEE ) Phas RRRELEG W WhEPlallt HESEIEE S50 SR S 1

t hi ckness®¥febtothat Bolwethybenosglycol mavingl & weight-afe3gg800 nm t hat

had been forésagatgalghit bk N2060 IPPRET 2066) Ursdl udy 48 BB ethed e

-el ectrolyte co 05|t|§n for electric double-layer capacitors was applied

‘to the copper aofeP@RAUCLERITRRRD ROBR REFRPGER 2F e thRFebiiRg ving a

T- peel teeomppénpeerB‘cméaamﬂsdoﬁytheet;@@th@(ﬂ@@eg\@f@@dtw@w, t opthé xabl e 35

cl amis ONrgoh eEbpPOrBEL "Era Pl MERFHLEIPTY $85184E4°%Y 1n aaaition,

' the complex obtained in this example was held at 100°C for 5
hours, and the percent weight loss by evaporation was

measured. The results are presented in Table 4.

20 ®) R E 2
A hydroxypropyl cellulose¥supported electrolyte complex
(electrolyte composition for electric double-layer
capacitors) was prepared by the same method as in Example 1,
except that hydroxypropyl cellulose was used as the polymer.
25 The conductivity and bond strength of the resulting
complex were measured by the methods described below. The
room-temperature state was visually evaluated. In addition,
the complex obtained in this example was held at 100°C for 5
hours, and the percent weight loss by evaporation was
300 measured. The results are presented in Table 4.
COMPARATIVE EXAMPLE 3
A cyancethylated hydroxypropyl cellulose-supported
electrolyte complex (electrolyte compoéition for electric
35 double-layer capacitors) was prepared by the same method as
in Example 1, except that cyanoethylated hydroxypropyl
cellulose was used as the polymer.
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out. The crosshead rate was set at 10010.2 mmnmin, and crosshead novenent
was continued until the portion of the 17 January 2004 g LF (é&z{emai ni ng 5
bonded was about 10 mm .The neasurenent results were su f’%‘& % best -fit
straight line approxi.mation, and the peel -type bond strength was

determned fromthe resulting peel load in accordance with 5 JI'S Z8401.

O o ae BohaboRdln ®y 1N Boll) CreRURRObECTE! SELLOLIAG COTP! X

(electrolyte rgomtlon for €lectric yer 10 Ca 89 was
© prepar ed “ﬂi@ ¥FEenPeREYTSEd Y Ehenpesheds dreepibeflabepolyet ﬁhéene

gl ycol hamm-aceweeeaa:ueéee%eee %Lse‘%i%ﬁ%l"bﬁ’gn%QElﬁgtggoo gEE%aégggép‘fNﬁﬁg

used as t 0 T conductivity an stren

conpl ex ti':%ee"o ﬁé’ﬁ‘é’nﬁ%‘d g&#ﬁ&%ﬂh&ﬁésd@é‘é@%@dwﬁél beldTAt 106°C for 5

r oom t & np&oatost,e aatiathe\/\@erv:e&tttakvb)lgﬁ‘tah.'é%fseﬁy b9aBeghtian, whbe compl ex
obt ai ned h@a%@r%dexa e V\%S hel d_at hours, and the percent
wei ght | 0SS By &vaporari Sronass ﬁESSBF8§QH1EﬁQ F—BSEF‘P%eaFe presented in
Tabl e 4. 20 COVPARATI VE EXAMPLE 2 A hydr oxypropyl cell ul ose-supported

el ectrolyte conplex (electrolyte ﬁ%on for electric double-Iayer
capacitors) was prepared by the sa as in Exanple 1, except that

h,ydroxypr ppy! cehra £ “C v\n e—25 The nnnrhmf VI \ and
bond strepgth of 1hgé’)n%§;%§£§l ’ng %8% é“’?f‘bég@?f?duﬁy t”f‘i"éf"fr@?tfp

descri bedf hel QW fhe “TOooImg tenperature-stafe—was—w stay—evartated—in
addi tion, |-Eheccopl €x*8BPai ndd i n TRt s exanplbbargsol® d|at  160CH or §
hour s, anlcbxtaﬂirae censt aM@bght Ioss -dYo evapor at.,Ql %§i§0 measyf ed. Thé

~results are prese ted—n—Tabi —EVPARAHYE EXAMPLE A _¢yanoethyl at ec

* hydr oxypr PLE S | ul é’sé"’%&pported ®Ffectro ytlebwyrplo@d (el ect m)llyt e

conposi t i |QRafRt £| ecty jifq0-35 doubl & [ayer Fapaci tors% $ prepared byt he
sane met i 1__dxcept"that cyanGernyI°8t¥d hydr ofY3f opyi
cel | ul ose Bramlesel as.tdxeopol yjner. o.s1 rubbery solid <0.1%
Example 6 0.80x107* 0.62 rubbery solid <0.1%
Example 7 2.00x1.07* 0.56 rubbery solid <0.1%
lo
Table 4
" Comp. Ex. 1 Comp., Ex. 2 Comp. Ex. 3
Conductivity (S/cm) 8.50x10°° 7.60%x10°¢ 6.80x1074
Bond strength (kN/m) <0.01 ' <0.01 <0.1
(not measurable) {(not measurable) (weak adhesion)
Room~temperature state solid solid rubbezry solid
Welght loss by
evaporation <0.1% <0.1% <0.1%
EXAMPLES 8 to 14

15 Electrolyte Compositions (2) and Solid Polymer Electrolytes
(1) for Electric Double-Layer Capacitors:

The respective polymer derivatives prepared in
Synthesis Examples 8 to 14 were dissolved together with
tetraethylammonium tetrafluoroborate ((CH,H,)NBF,) in

20 tetrahydrofuran. In each example, the resulting solution
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17 January 2004 The conductivity and bond strength of the resulting :
conpl ex were neasured by the nethods descri bed bel ow. qu roongb&gperature ?
state was visually eval uated. In addition, the conplex bHPA/aTE this

exanpl e was held at 100C for 5 5 hours, and the percent weight |oss by
evaporation was measured. The results are presented in Table 4. Table 3

Conduct i Wiy 1Bo1¢ LS
(S/cm( le\?/tr r'glst at ee%%%ing%‘lg%n aég) Igé g{)&l%ﬁlzfgp??{r b %&yahs%qr%fébrﬁl%
Exanpl e 250 89%aRPR@LtT0r Uit y s @aemm@(aam@w @D xagl vk rember y

sol i d<0. 14 JASIPd Bndieh 403+ 9. @Qﬁh@fl eE‘gﬁ@l%
51. 00x10-40,.81ru bery soI|d<0 1% Exanpl e 60 02%6&%% 62ru %ery Sol i d<0. 1%
Exanpl o EHRRIRR 460 epRpiRALt ¥o! 3% (7208 Lnklg eagemon’ ) BAd 1Conp.  Ex.

2Conps Emeﬂa@ypbmyemfyeﬁ&m&ﬁm B 66 SOpd@nie Base strength

(kN m <0. c%% %}Of <0.1 (not as.urabl %/“ga measur abl ef) weak adhe5| on)

Room t enperat i e et 1f?dé i drUpies Y 395y ht2 | boeeRy added

<od1cé/<<lo MMWMnm%M{éS fm@ aa@aetlé Ei:%@btfbl?)éyilegﬁm%ﬁmé! ?ns (2)

and Sol i C or ri ubl e-La aci tors:
%gpéy&ga gé& 108 Y4 fead Q%rse%%} e

The respective derlva Ive nples 8 to 14
wer e di ssOPRAd) MNgat was b mple per kilogram of the combined weight of

10 the ingredients.

That is, the ingredients were charged in such a way
that the weight of (CH,H,) ,NBF, plus the weight of the polymer
derivative plus the weight of polyethyiene glycol-
dimethacrylate plus the weight of methoxypolyethylene glycol

15 monomethacrylate plus the weight of azobisisobutyronitrile
was 1 kilogram per mole of the (CH,H,),NBF,, thereby giving
the electrolyte compositions for electric double-layer

- capacitors of Examples 8 to 14.

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

Conductivity:

35 The solid polymer electrolyte was rendered into a 200
pm £film, sandwiched between two copper sheets, and the
conductivity was determined by AC impedance measurement.
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tetraet hyl ammoni um tetrafl uoroborate ((CHZHS) 4NBF4) in 20 tetrahydrofuran.
In each exanple, the resulting solution 17 January 2004 ﬁﬁs helg &Pder
reduced pressure to allow the tetrahydrofuran to evapoﬂ nu P

predet ermi ned anmounts of pol yethylene glycol dinethacrylate (nunber of
oxyethyl ene units = 9, referred to hereinafter as "crosslinking agent 1")

and 5 netbonapgty@ﬁgyﬁene gl ycol nononet hacryl ate (nunber of oxyethyl ene
ent 2") were added. Azobisisobutyronitrile was

units = 9,
al so added, an agg RGER waerdetomnieeadi hased eratherveatntypat the
anmount ofbéfiﬁiZkBieﬂ@BHtm ér@@é@uia@rsifalh@é!fé@ Pbri BgnEiPLoedapei ght of

10 the in ents e |n fedients were charged in such a way

that the gé? t ofJf%¥§€%§f CRLLY netgRPehf ShaetpoviHera derivative

pl ;J?] tshe ‘AhutahnTsmﬁ @b| §e6 hmh,ena @ia’cmlofd?.m?lbﬁ@[wﬁ?ﬁaﬂhué %t@ﬁg?ﬁlgbt of

net hoxypo e S 0

aZObISYEO d@g@%n?§§|%%¥foﬁe&€ €q¥§%?% %*%%I%Bt ?ﬁﬁ YeEﬂBF4

" thereby, ¥F9dngs the adkeremdyt él'lu:@nqabsctr@hysté%oﬁbﬁﬁitiﬁndﬁdﬂ e-l ayer

capacitorg _ . t t S _werge cast using
l@étﬁ%@”@é@ﬁl@ i&?éé’%%agﬁégéyé %Qlégﬁyﬁga Egﬁ%ﬁ? tgh

a doct or 20 kni fe_applicato ®nduce
curing, tHePRBY @@Q@F@P@ﬁeﬂ%oﬁ|Qp%ﬂﬂvﬂel&E$Ecttb$¥ebx givihgsy Tepeelectric

doublﬂrlayeﬁthpaaétorgogﬁ SXAEPO LSt e £8?%4plgbé W@LgC%{f&ghe opductivity

and bond egﬂ% iﬁ%§€Ch 25 of the resulti’hg solid ner e ectrol ytes
(filns) a% bR tHhet %%Y%%%§mﬂ%%%9¢beﬂn@eméﬂﬁu¥ﬂméﬂﬁlWﬁ%n t he
. roor}teanQEIU$@fsmale Tﬁetéﬁb§§?e§dpféyﬁﬁévéﬁeéir§|§b@e&ﬂ§f 50§Uﬁgby

“eval uat e 0 sol i sC ui reover,
“the sollgmﬁﬁT %erén % %ﬁ% ?F%Eﬁ%?ﬁ%ﬁg|ﬁgPﬁéggeg H%Fg re held at
100C for EPFE%@% Ofeﬁhﬁttﬁsbemt@mm nenginihgssobiiedvapsr abbad dasmmeasur ed.
The resul tige aﬁ@aﬁféﬁ‘éﬁﬁdrééhf?@'@eﬁe SRBIUGELY 1Y pedR-£0€ SebLi Re! yEr

electrolyie was_ rendered into a
e approximation, and the peel-type bond strength was

determined from the resulting peel load in accordance with
JIS Zg401.

20 EXAMPLES 15 to 17
-Electrolyté Compositions (3) and Solid Polymer Electrolytes
(2) for Electric Double-Layer Capacitors:
‘The respective polymer derivatives prepared in
Synthesis Examples 8, 11 and 14 were dissolved together with
25 tetraethylammonium tetrafluoroborate ( (CH,H;) ,NBF;) in
tetrahydrofuran. In each example, the resulting solution
was held under reduced pressure to aliow the tetrahydrofuran
to evaporate. Next, a predetermined amount of a
polyurethane crosslinking agent composed of a mixture of
30 liquid polyol and liquid isocyanate was added. The liquid
polyol used for this purpose was a glycerol-based ethylene
. oxide/polyethylene oxide = 8:2 copolymeric polyol (OH value
= 1.215 mg/kg; referred to hereinafter as "crosslinking '
agent 3"). The liquid isocyanate used was polyisocyanate
35 (NCO value = 7.381 mg/kg: "crosslinking agent 4”). The
respective ingredients were charged in such a way that the
weight of (CH,H,),NBF, plus the weight of the polymer
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pmfilm sandw ched between two copper sheets, and the conductivity was
determ ned by AC i npedance neasurenent. 17 January 2004 gond Strsq?th: The
bond strength was determ ned based on the peel-type boldJ8RyEKRgPH ¢ est
procedure standards for adhesives set forth in JIS K6854. Speci fically,
copper sheets with a 5 thickness of 0.6 mMm a wdth of 25.4510.2 nm and a

| ongth of acia%ammi i JBadnaceR SHET BReLheCRugHo b 5BR0pTRET pyer e used

as the adherend. The ectrol yte“conpositron er
capaci t or ¥S@hta0f] ithe B§9ﬁ€énatﬁellqupgewaadhekemdgram pebomdlegofayer

ther eby gittieng om, foRRsk, LA B5hn f%*é 12190118, (R UIGGEeT @

attached t flxag e cl 4nps on 4 testi machi ne,
carried o gSs e 1ﬁa§aﬁﬁveﬂaﬁﬁ°ét§§§e§foﬁxémpmea 1ﬁntn1h7 and

crosshead nDVGHﬂﬂtrwa&lQQﬁblGuﬁﬁoﬂmthbnéhﬁerQOEEé?”uﬂinbh?tgsagrg'gﬁglected

d t
o best - HEIEE, APUILCARRRe SBERokPREEMOAT BAA° EnBoBedl BOYBetBOABISEROGL h
\ggsE xiﬁxtp Emrnm f tereby Q‘&.Vlilhgl ngepsehlh?pdltﬂﬂeﬂcémééﬁﬂéfﬁ S@Ehl JI S Z8401.
osi tions | 0
Electrolygge&ﬁfﬂ)f 5 eEF§§%§§c3E88§? Egﬁﬁrceﬁﬁgﬁ%PBFso Tﬁ%aWBéﬁécﬂﬁve
pol ymer d&@i ¢dti ves prepared in Synthesis Exanples 8, 11 and 14 were
di ssolyed toge@h%rcWthct§§1E§taﬁﬁtBXL&”EPP&#QEBGBEa%?gﬁr090 %ﬁog(CH2H5)

4NBF4) in_tetrahydrofuran. In eac resu g soI was
hel d undeFeFddiddg 6Pé§§uP@1Y@e§Iﬁéﬁptﬁ@lYéﬁﬁahﬁdimsmruﬁretmeasapedate

Next, a pbgdeher medmelﬁnuat a8f iﬁ ERGhYYES! Bapg §n0§pbiBKI ngnagent conposed
-of a n1xtg? tbgUld ﬁok and l1quid i socyanate was added. The
Prqui o paRS oS , thd roaRe i ippaetunacs kit ok EhenaskidcpyvERe

OX|de/poBiephybémeeowadev;sﬁazlyoechyﬁntea pskysbft gaéuglké 215 ny/ kg;
refer{§d ke1hgL ey na L pki.ng ya9€ d i socyanate
used was on|socya%%§5193gl§kéﬁévafgul gﬁrﬁﬁ%ﬁﬁ EE ggh?ﬂklng agent
4"). The olymer electrolytes obtained in these examples were held at

100°C for 5 hours, and the percent weight loss by
. evaporation was measured. The results are presented in

Table 6.

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

25 A mixture was prepared by adding 0.2 part of

polyethylene glycol dimethacrylate (number of oxyethylene
units = 9; crosslinking agent 1) and 0.2 part of
methoxypolyethylene glycol monomethacrylate (number of
oxyethylene units = 9, crosslinking agent 2) to 1 part of
30 the polymer derivative from Synthesis Example 8, and addlng
also azobisisobutyronitrile.
The mixture was then dissolved in a 1 mol/L solution of
tetraethylammonium tetrafluoroborate (C,H;) ,NBF, dissolved in
1.4 parts of the nonaqueous solvent propylene carbonate such
35 as to set the weight ratio of the mixture to the nonagqueous
solvent at 1:1, thereby giving an electrolyte composition
for electric double-layer capacitors.
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" respective ingredients were charged in such a way.that the -weight of
(CH2H5) 4NBF4 plus the weight of the polynmer -56 17 Jang? % 200% @grlvative

plus the weight of the liquid polyol plus the weight of AR 68 nat e

liquid was 1 kil ogram per nole of the (CH2HS5)4NBF4, thereby giving the

el ectrolyte conpositions for electric double-layer capacitors of Exanples

15 to 17. 5 Thlfhée@élshb.ﬁﬂngoaﬁﬂ%béi@ﬂénV‘ﬁé@ CAst WSinY & Soster & Jbe
appl i cato hen our to rnduce curing, thereby

heat
gi vi ng th@PEEFFBtBBPyﬁgﬁneheetﬁél9Fe§00 ¢ fom)lthpur|etinduemubl e- | ayer
capaCItorsuninﬁxaﬁnéESbi5glvﬂn§7a é@lihep@Dﬁﬂ@ﬁtéﬂééﬁtéﬁ%&é“?@hﬁm yength of

each of t electrolytes (filns) were neasured by

the sane ?é ggas B h%?egaggfoc Ha%b% “In _addition, the

roon}ﬂénperatuThesCanéuot1VhtysahddboﬂﬁyﬁerengtmcéfCtﬁéer@@@1w1§g6||y

eval uat ed st I SC ui d

Mor eover , Séﬁé g%igﬂé %%%Efo % t#§%%t %%f ?59$ﬁ%% {€§ f®s were

hel d at Mmeblzodsras hbuﬁsamahdSt&etpelée@bOMELghInlmﬁaltmbnevﬁm@ratlon was

measur ed. nt ed eous
r&bR- teRpPbLaLAFE pLage 69 +h8 stPa§%§1%ﬁ$ 5g$§§§% ﬁ?

Sol vent - Cont ai ni ng El ectroly nposition a ol yte
for EIectVFEuE%ﬁﬁlﬁvﬁéyéFedCéﬁacﬁPﬁF paste- kike uselids bré@am@hYby addi ng

0.2 part oiscpabyeiliiane orMeOkedhleLhass VhALSchfeibes Rippxygt hyl ene
units = 9; crosslinking agent 1) and 0.2 part of nethoxypolyethyl ene

gl ycol nononet hacryl ate (nunber of oxyethylene units = 9, crosslinking
agent 2) EXAMPREri9of 30 the pol yner derivative from Synthesis Exanple 8,

N ol Uosol R, 8EEPLELERL XEARREE LB U2, ShShEEFaLBRub i i e |
di ssol vedtfpacitors was prepared by the same method as in Example 18,
15 except that the polymer derivative from Synthesis Example 9
was dissolved in a 1 mol/L solution of tetraethylammonium
tetrafluoroborate (C,H;),NBF, dissolved in 4.2 parts of the
nonagqueous solvent propylene carbonate such as to set the

welght ratio of the mixture to the nonaqueous solvent at
20 1:3.

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

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

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

COMPARATIVE EXAMPLE 4
A complex (electrolyte composition for electric double-
layer capacitors) was prepared by the same method as in
35 Examples 8 to 14, except that polyethylene glycol having a
weight-average molecular weight of 2000 (PEG 2000) was used
as the polymer.
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1.4 parts of the nonaqueous sol.vent propyl ene carbonate such 35 as to set
the weight ratio of the mxture to the nonagueous solvegt at 1; é thereby
giving an electrolyte conpositiion for electric double-]| 9@?w¥35 @ tors.
January 2004 The resulting conmposition was cast using a doctor knife
applicator, then heated at 100C for | hour to induce curing, thereby

' giving a solid I I yer
- capacitors. 5 ?ﬁg %gﬁgﬂgﬁﬁgif gﬁ% % %n2¥¥%%%¥§ g? #%e r%%@ifl % solid
pol ymer eFERPI8XyYerefReapused chyiether sameyne teodanes hietBxamphes i
Exanpl es 8ot 0414babave. Thnadddtidben, tﬁ@%oéxﬁ%ﬁﬁ &E&‘fé”&té{é‘t@f 0&[}& he

solid pol eIectroIgte was vi sual q% eval uat ed past e- |
e

“solid; L: Xﬂ?@ﬁ?§ WS YSEBRLLY| gyalyatafe(Fessft B@%tﬁrb%%%t%gll@ Tabl e 6.
EXAMPIsE 131@“%?'eﬁEéGﬁEtE1Qﬂﬂ@PSItM@ﬁe&ﬁ@rE|@ﬁ%g¢§m€£&Q|§btéﬂﬂﬁd fﬁEaCItors
was prep e.sane s e except that the

pol yner 3é$?va ¥ Pr?oﬁt§§ﬁ?ﬂ§ g %§Qd§xgqg RNeROWFS s PR he BEHCHBE/ |

sol ution Uélgbtrhesbybgnawapunatiemra&éume@@@reﬂe (fHESe diNBFY dissol ved in
4.2-parts Péségﬁeﬂngﬂa@ gggs sol vent propyl ene carbonate such as to set the

wei ght e ntx ure o t he nonaqueous solvent at 20 1:3. The
resulting conposition was cast using a doctor knife applicator, then
heat e at F ﬁg" § £nduce curing, thereby giving a solid polyner
electrolyte (f] ectric_doubl e-1ayer capacitors. 25 The

conducti vity a%dcﬁeﬂae§tﬁ%ﬁ@?hre4YtﬁeceeBe$tthgn Eori elpotyherdenklerol yte
(film melayefaeupadlburgmewéenpreﬁeié@dﬁyaﬁhénséﬁénﬁéeﬁoé k8 if above. In

~addi tion, Qo0 rature state o he solid pol yner_el ectrol yte was
“vi sual |y é%gﬁﬁ %EdgzéPnggfte§8§PE ??ﬂ% é% 9XYPTORY h991%619$§c83§ i qui d) .
The resulwsedrasptbsepodymen. Table 6. COVARATIME E 4 A conplex (electrolyte
conpogsi tion fOThé'885&&8t€9£@§eanha%SﬁdC§P§85§9£Séf“@ﬁep B@i%gngy the same

net hod as in
complex were measured by the same methods as in Examples 8

to 14 above. 1In addition, the room-temperature state of the
complex was visually evaluated (S: soft paste-like solid; L:
highly viscous liquid). Moreover, the complex obtained in
20 this example was held at 100°C for 5 hours, and'the percent
' welght loss by evaporation was measured. The results are
presented in Table 7.

COMPARATIVE EXAMPLE 6

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

The conductivity and bond strength of the resulting

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

35 welght loss by evaporation was measured. The results are
presented in Table 7.
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Crosslinker 1:
Crosslinker 2:

Room—Temberature State:

S:
L:

Soft pasty solid
Highly viscous liguid

Polyethylene glycol dimethacrylate
Methoxypolyethylene glycol monomethacrylate

Table 6
(parts by weight) Exzample Example Example Example Example
15 16 17 18 19
Syn. Ex.8 1 1
Polymer Syn. Ex.9 1
derivative Syn. Ex.10 1
Syn. Ex.11 1
Nonagueous solvent
(propylene carbonate) - - - 1.4 4.2
Crosslinker 1 0.
Cross- Crosslink
linking er 2 0.2 0.2
agent Crosglinker 3 0.17 0.256 0.256
Crossiinker 4 0.03 0.044 0.044
Conductivity (S/cm) 4.70x10™ | 1.80x10°¢ | 1.90x10* | 1.70x103 | 3.70x10"?
Bond strength (kN/m) 1.09 1.00 0.61 0.38 0.24
Room-temperature state s s s s s
Weight loss by
evaporation (%) <0.1 0.1 0.1 - -
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" presented in Table 7. 17 January 2004 Table 5 -(Parts Fy 1011121314 S

wei ght ) Exanpl eExanpl eExanpl eExanpl eExanpl eExanpl eExanpl e 89 yn.
Ex. 8l Syn. Ex.91 Syn. Ex.101. Polymer deriva-Syn. Ex. 1117 danuansg@4 Ex. 121
Syn. Ex.13 Syn. Ex.14 1 Cross- Crosslinker 10.20.20.30.30.30.30.2 linking
agent Crossl i nker 20. 20. 20. 20. 30. 30. 20. 3 Conductivity

Strengt h (RN 00, 901 150 eRTIot o 13ven nathoFRbEYBYR" ) ( 0S35S sss

strength (kN m.Q. 820.901. 180.660.721.2 :
Wi ght | os(é;r“ﬁr?]é\}’iﬁr ati oMetdpEypedyethylene. giycodomonome tbaosyllanieer 1:

PoIyethykémmsylmnwexdbﬁetE&@@nbﬁbeoxgﬁgs§bh?gghygéngbb$gﬁ¥poIyethylene
RoQom Tenperature Statel S Soft
6 (parts by weight) Exanple Exanpl e Exanple

‘gl ycol no t-hacryl ate
H ghly visc ué%ﬁ%q Co PPAFP.

pasty solid L:

Exanpl 8 Crosslinker 4: Polyisocyanate
Room-Temperature State:
5: BSoft pasty solid
L: Highly viscous liquid
10
o )
- (parts by weight) Comp. Ex.4 Comp. Ex.5 Comp. Ex.6
PEG 2000 1
Polymer ﬂydroxypropyl cellulose 1
Cyanoethylated
hydroxypropyl cellulose l-
Cross- Crosslinker 3 1.5 0.5 0.5
linking
agent Crosslinker 4 1.5 1.5 1.5
Conductivity (S/cm) 1.80x10°¢ 2.00x10"° 3.90x10™
<0.01" ' <0.01 <0.1
Bond strength (kN/m) {not {not (weak bond
measurable) measurable} strength)}
Room-temperature state s ] s
Welght lJoss by evaporation(g) 0.1 <0.1 <0.1
Crosslinker 1: Polyethylene glycol dimethacrylate
Crosslinker 2: Methoxypolyethylene glycol monomethacrylate
Room-Temperature State:
i5 S: Soft pasty solid

L: Highly viscous liquid

The electrolyte compositions and solid polymer

electrolytes for electric double-layer capacitors of the

20 invention are endowed with high ionic conductivity, high

tackiness and, particularly in Examples 8 to 19, excellent

shape retention.

Hence, they are perfectly suited for use

as solid polymer electrolytes (separators) for electric

double-layer capacitors.
25
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Exanmpl e Syn. Ex. 815 161718 19 11 Pol yner Syn. Ex. 91 derivativeSyn. Ex.101
Syn. Ex. 3.1.1 Nonaqueous solvent ---1.44.2 (propylene carbonateém
Crosslinker 10.20.2 Cross- Crosslinker 20.20.2 |inking Agdamuanpged4 nker
30.170. 2560. 256 Crosslinker 40.030.0440. 044 Conductivity

(S/cm 4. 70x10"41. 80x10"41. 90x10" 41. 70x10- 33. 70x10' 3 Bond strength

(kN'm 1. OB%alPPr620. 380. 24 Room t enper ature stat eSSSSS Wi ght | oss by

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

Pol yet hy| BRéagigabledphechtedd Gorniny osampokition amd HRoxYamol zathe| ene

gl ycol rnogosethageylaye Crosslinker 3: Ethylene oxide-pol yethyl ene oxide

copol yneric poéﬁgLGS Crosslinker 4: Polyisocyanate Room Tenperature State:

S: Soft pasty ILrderiyadyactivated| ¢auben 1onauwfactureddey sKaysai
. wei ghts ConptstkadRupK . KX; 56988if S SuPE&2000d60 m?/g; average

: particle size, 16 pm) as the large surface area material and
carbon black (average particle size, 20 nm) as the
conductive material were added in a weight ratio (activated
carbon/carbon black) of 18:2 and mixed.

10 The resulting powder mixture, the polymer derivative
from Synthesis Example 8, and N-methylpyrrolidone were mixed

. in a wgight ratio (powder mixture/polymer derivative/N-
} methylpyrrolidone) of 20:1:30 to form a polarizable
electrode-forming composition.

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

- electrode.

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

Phenol-derived activated carbon (manufactured by Kansai

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

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

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

The resulting powder mixture, the binder resin, and N-
methylpyrrolidone as the diluting solvent were mixed in a
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Pol ymer Hydr oxypr opyl cellul osel Cyanoethylated 1 h dro ro |. cellul ose 2
Cross- Crosslinker 31.50.50.5 Iinking agentCrosslinker 41.51.51.5 :
Conductivity (S/cm 1. BOx10-62. 00x10"63. 90x10-4 (not <0. b4 Jawam2¢@ 1 Bond
strength (kN m neasurabl e) (not (weak bond measur abl e) strength)

Room t enperature stateSSS | Wi ght | oss by evaporation(% <0. 1. <0.1<0.1

Crossl i nkeeight Pehyesd h@@méﬁlzﬁmtuﬂémiﬂ&&f%ééfn[rﬂ osslinker 2:
thhoxypolgg%hilene ﬁ# col nqgonethacrylate Room Tenperature State: 15 S
Soft pastYeLB¥BYETC éﬂ??)v? coUsl i PQute FPEm et Pt d%@ @ nposi ti ons and

solid pol ghectretecfonhim@schmpoei Lol ¢ doubl e-1 ayer capacitors of the 20
i nvention are owed_w t I gh, iopic.copductivity, high tackiness and,
particul arly iﬁﬂ%x%ﬂ%?ﬁﬁzhbf% i§?0£§%%?T ﬂ?mlg%aﬁ%mP%?gﬁ}?%ﬁWaﬁkﬁﬁﬁf t hey
are pérfeenty suiéaduninumuserrast scblleEbbymesirgeat dotydeskbepar at or s)
for electLifyic | et paci Lo s. 7. January. 2004 MPLE. 20

Pol ari zab %ﬁ%%gg?ggﬂeF$%¥ﬁ$%£&c%ﬁp%§i?i%%éa%dhé%¥%rf%a%Y%poggﬁ%t?g%e (D:
Phenol - dekFh¢el-methyhprorehidone ( ntihefeaby ugtdihy Kapsharisabibe sukagaku

K. K. ; spegiétersgeface, 1860 ne/g; average particle size, 16 pm as the
| arge surface area material and

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

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

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

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

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

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

A separator composed of a separator substrate (PTFE

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

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

35 The film-type electric double-layer capacitor thus
obtained had an aluminum current collector/polarizable
electrode/separator/polarizable electrode/aluminum current
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carbon bl ack (average particle size, 20 nm as the conductive material . -
were added in a weight ratio (activated carbon/carbon black) of 18:2 and 1
m xed. 10 The resulting powder mixture, the polyner der {i{deniasy 269om

Synt hesis Exanple 8, and N-nethyl pyrrolidone were mxed in a weight ratio
(powder m xture/ polyner derivative/ N nethylpyrrolidone) of 20:1:30 to form

a pol ar i z8bieecebeCbbRerietibhy #88POaHADLE- of SpdiiigPOhRELEE kA

el ect r ode; tor£1 & éongOSItlon was cast ~onto an a rrenﬁ col l ector
using a ddtEohRakge afpfregtspnedhefifeetively 88s apredeabuic to evaporate
of f the dbuBléylayerobapgasetothereby giving a polarizable electrode. 20
EXAMPLE -2,1 Pol ari zabl e el ectrode-form ng conposition and Pol ari zabl e

el ectrode (2): Phenol -derived activated carbon (manufactured by Kansai 25
Net sulbagaBXAMPKE : 24peci fic surface, 1860 nR/g; average particle size, 16

pm as thﬁ%$éé§f?sﬂéﬁg§§eﬁé 8" %ﬁ%%$%8%2g§écarbon bl ack (average particle

size, 20 n he™ po fial were added in a weight
ratio (actlvatédsenér@bﬂrcapMpnsedaoi)aoéeﬁ&r&taﬂdsﬂbseﬂatéo(PmbEnder resin

(hunber g oEosy foPaNGo0ageltot ShorBBhdFodinilR PhureloELiRInes Y. o
nethoxypd??@?ﬂ?*%h%ﬂgf?%o@lﬁﬁhﬁhﬁtﬁ@ubyealéyenuﬂbpacmtorsxyﬁtEyhmpéeunlts =

9; crmssllnd«a@gpw@@a Bl th€ett 9%53_91‘ o§5tﬁFtp89!1¥ﬂE bﬁ?éréié‘&‘t}SSdfe om

Synt hesi s g{?“ﬁ%& and n1X|n& he resultin er m xture e bi nder
resin, an hi piE RBP4 8 0A %EdtHEe§$FE?|Wgsséppéhﬁdweﬁévhnseé ina 17
January zcmmmrgdatelaa:tm@p@mdmenmwfeéapaaﬁofew n/ N-
,nethylpyrroll$ﬁg finggé Sg to né gi ailzable el ectrode-form ng
- conposi tion & polari 750t e %?%Ef+8 PRI B hgYCBnBBRAFLbATWARYEast 5 onto
an al uni rep¥einre@nadodneelenivginguarentt colkacter/polarizable
i5 electrode/separator/polarizable electrode/aluminum current
collector construction in which the electrodes and separator
were strongly bonded, was papable of being charged and
_ discharged, and functioned effectively as an electric '
double-layer capacitor.

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

A separator composed of a separator substrate (PTFE

porous film} coated or impregnated with the electrolyte

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

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

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

35 electrode/aluminum current collector construction in which
the electrodes and separator were strongly bonded, was
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applicator, then held at 80C for 2 hours to' evaporate off the

N- et hyl pyrrol i done, thereby giving a polarizable electrode. 10 EXAMPLE 22
El ectric Doubl e-Layer Capacitor (1): A separator conposédJanuary2e8@ar at or
substrate (PTFE porous filnm) inpregnated with a 1 nol/L sol ution of
tetraet hyl ammoni um tetrafl uoroborate ((CZH5)4NBF4) dissolved 15 in the

nonaqueou&a@abnenbfpb@&n eBRa éaoaﬂaedy}@‘%hakg&gﬁ daﬂggggﬁreeﬁ nga; 0}‘ . tege

polarlzabl% gctr des obt ai pe nE
gi ving a Frimctys&l¥ePscapi elastible- fayk ech@ﬁ@?t@ﬁpa¢hborkln}type el ectric
doubl e-l ayer capacitor thus 20 obtained had an al um num current

coIIectortgghg%gizgle el ectrode/ separat or/ pol ari zabl e el ectrode/ al um num
current colflTec onstruction, was capabl e of being charged and

d|schdigeBleﬁﬁﬁlbuHoubmaeﬂagéfecapaeiyoﬁs(am electrlc double | ayer

t 25 bl L t
composed of s Seoaparator bEfbabea Brra e pB¥EhLoT PibsBhateyhalEl i th & 1
mol / L soIBPF@HSoflém)té@ﬁéedhyranmpnegnateﬂraithothboeaéet£01§¥68) 4NBF4)
di | ved I

oo SockpobtpiORESLeRYS e w B BOYLGLE ERLBRRRLES 52, Bh3fit, .o

between a_pair of  the po ariza I'ne
pressure was¥appPiegedgbetrgen #ipairypé tbeep@lacla@hEEeenayérodapac|tor

35 Theo fi bntamedeiﬁcEkaﬁp.QQUMeah&y £e§§ﬁi\8'%8§ %Bgi:_e&bt f?ﬂiﬁwﬁﬁg
al um num HF ﬁ?%hcollectﬁi/polar | zabl e el ectrode araf or arizZabl e
electrode% th 2OPPBRLY ﬁgslﬁeﬁgnﬁﬁr} 9b64Les| LebPBE - cofBiBuct i on, was

capabl e ofabepdgtbbacgedoantioni sEhExgrgicand fuspbiencHeeibaat gl y as an
ielectrlc pHoHbLE- LBYEL1 $8RRET LPLet RoGSEMES tﬁermally polymerize and
form a film-type electric double-layer capacitor.
15 The film-type electric double-layer capacitor thus
obtained had an aluminum current collector/polarizable
electrode/electrolyte (separator)/polarizable
. electrode/aluminum current collector construction in which
the electrodes and separator were strongly bonded, was
20 capable of being charged and discharged, and functioned
effectively as an electric double-layer capacitor.

EXAMPLE 27
Electric Double-Layer Capacitor (6):

25 The electrolyte composition for electric double- layer
capacitors of Example 1 was placed in a slight excess on the
surface of the polarizable electrode produced in Example 20,
another polarizable electrode of the same construction was
stacked on top thereof, and pressure was applied such as to

30 make the gap between the two polarizable electrodes 25 pm,
thereby forming a film-type electric double-layer capacitor.

The film-type electric double-layer capacitor thus
obtained had an aluminum current collector/polarizable
electrode/solid polymer electrolyte layer/polarizable

35 electrode/aluminum current collector construction in which
the electrodes and separator were strongly bonded, was

~65-



El ectric Doubl e-Layer Capacitor (3): A separator conposed of a separator
substrate (PTFE porous film coated or inpregnated with the electrolyte
conposition for electric double-layer capacitors of Exafpraueny 20qths pl aced
between a pair of the polarizable electrodes obtained in Exanple 20 and
pressure was applied, giving a filmtype electric double-Ilayer capacitor.

The Ti!m bapanaeeet! be1fgubherbay %nd LAk dY San @t Gl dEFoNAd an
al um num current col l ector/polarizable 15 e &Lt T o egsepara or/pol ari zabl e
eIectrodeF%ﬁ&ﬁFﬁU FuRPeP etefieieodovbletlaxer opapacikdrh the el ectrodes

and separator were strongly bonded, was capabl e of being charged and

dischargegz%gﬁgﬁg%gctioned effectively as an electric double-I|ayer
capaci tor® LE 25 El ectric Doubl e-Layer Capacitor (4): A separator

conposed BflegtzépabatiblesLigéeraCepdEItbr ppyous film coated or inpregnated
with the el ect y osition for electrigc doupl e-layer capacitors of
Example 8 mas&g a%gaég£§§ggﬁ %9%%??lg*°? °5d?§??5%ﬁ?éd%? €7 BT
obt ai ned FAPERAfRpre 2f Ewampiessuwas\whacedl iwda $Didiowi ageesdi 6 the
assenbly was doat 0 N r.,Jhi used.t he.c sition :
Exanpl e 8 digggéegﬁbgggeé?i?%%%agggp%}?g% oﬁ%IéF?Q%%?% gﬁﬁ%%?%ﬁgﬁ ?%'
thernpllyaBBF ﬁErP?é?ﬁhaablgrﬁi%ctr¢@$t9©¢th¢esmméCCQME¢¢ustﬁgErwaapacitor.
The fid m sypekelech! t6pUeHELEot AYEEe SERAST QL %ék?i?8b%@é#e%sh€9 ke
elecirolyte

aluninunlﬁﬁrrent ﬁgglector/ olarizable electr

(separ at or ) FpdfBr PLBeen 3Ehe| BEe rBebakl tabhans teetredes o2 b cemor and

constructthe amsembilp wabehele@cit ogiesuantoseparst of NOGL 64T &pSLY¥Lbonded,
.was 17 Ja 2004 capabl e of being charged and di scharged, and functioned

. idg? ; ! .
~effectively as%an electric doubl e-l ayer' capacitor. EXAMPLE 26 5 Electric

Doubl e- Layer CEpdgi cons¢d)théd ebpatndbyteocpmsesibfion aeppsss@r substrate
(PTFRs  between the pair of polarizable electrodes to thermally

polymerize and form a solid polymer electrolyte layer,

thereby giving a film-type electric double-layer capacitor.

The film-type electric double-layer capacitor thus
obtained had an aluminum current collector/polarizable
20 electrode/solid polymer electrolyte layer/polarizable

electrode/aluminum current collector construction in which

the electrodes and separator were strongly bonded, was

capable of being charged and discharged, and functioned

effectively as an electric double-layer capacitor.
25

EXAMPLE_29
Electric Double-Layer Capacitor (8): :
The electrolyte composition for electric double-layer
capacitors of Example 18 was placed in a slight excess on
30 the surface of the polarizable electrodé produced in Example
21, another polarizable electrode of the same construction
was stacked on top thereof, pressure was applied such as to
make the gap between the two polarizable electrodes 25 nm,
-and the assembly was. held at about 100°C Ffor 1 hour to
35 effect curing.
This caused the electrolyte composition disposed
between the pair of polarizable electrodes to thermally
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porous film coated or inpregnated with the electrolyte conposition for
el ectric double-layer capacitors of Exanple 18 was placed between a pair
of the polarizable el ectrodes zo obtained in Exanpl e 211adananeddddt e was
applied, following which the assenbly was held at 100C for 1 hour. This
caused the conposition of Exanple 18 di sposed between the pair of

polari;abpelgmerized&ndtﬁofheangbiyd by?ﬁ?t2§1éﬁﬁk?i ténfh%ﬁf{ﬁtyre
m e el ectric "doubl e-| ayer

el ectric = | a or
capaC|torgﬁﬁggﬁyo§¥§iﬂ%dghgﬁiﬂ t%?ﬁn? %ﬁ?%hﬁr@ﬂﬂb¥ﬁﬁ1%&%2ﬂ9¢2ﬁ@#ﬁ%@ble
eIectrode/elecTheI#ikm(tgparelectfpola@uzaalgaygfe@éﬁéﬁg%@%uﬂhﬂyn1current

col |l ector C n, the electro separator. were strongly
bonded, mgé?ﬁiﬁé& ﬁ ea%f %Qﬁﬁgu%hg?ﬁﬁﬁn nﬁoﬂfé%ﬁﬁﬁéﬁﬁig¥&ﬁPQM%ct|oned
effect?veP§e§§r9ﬁeé$@%1@|EOHﬁmbreelagbrotppaclajmr/ﬁﬁ@&&l&hﬁwbEﬂectr|c
Doubl e- LayeecErpase eGP, 05|t on Ior ejgctrlc o
doubl e-l a erc 8a&%§%?£§ﬁT %ﬁrﬁ@ﬁt %8%%%8% aced s on the
surface ofPengl % FE?‘?‘Q%b‘F’éde$%E@r®'§©rpW©U@c:etlrng(dvmi®&D wasanot her :
pol ari zabtapab®et 600e Dhgt HEa SGER &ﬂ&séiyﬁﬁ&?@e n:% @Eﬂf éOP thereof,
e Weer 1

and pressggg mg agglled such as to e t wo

pol ari zabf&-8F 6tY¥ e%sz%np%%eGFHk?e@9uhb@n4ﬁ§ﬁ%.¢¢P¢ﬁl§@@ electric

doubl e-l ayer capacitor. The filmtype electric doubl e-layer capacitor thus
obt ai ned had an al um num current collector/polarizable electrode/solid

pol ymer el ectrolyte layer/polarizable '35 el ectrode/al um num current
col l ector construction in which the electrodes and separator were strongly
‘bonded, was 17 January 2004 capabl e of being charged and di scharged, and
*functloned effectively as an electric doubl e-1ayer capacitor. EXAMPLE 2 5
El ectric Doubl e-Layer Capacitor (7): The electrolyte conposition for

el ectric double-layer capacitors of Exanple 8 was placed in a slight
excess on the surface of the polarizable el ectrode produced in Exanple 21,
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anot her pol ari zabl e el ectrode of the sane construction was 10 stacked on
top' thereof, pressure was applied such as to nake the- g?g betmg&g the two
pol ari zabl e el ectrodes 25 pm and the assenbly was hel gn 400C for
1 hour to effect <curing. This caused the el ectrolyte conposition disposed
is between the pair of polarizable electrodes to thermally polynerize and
forma solid polyner electrolyte layer, thereby giving a filmtype

el ectric doubl e-layer capacitor. The filmtype electric double-Iayer
capacitor thus obtained had an al um num current collector/polarizable 20
el ectrode/solid polymer electrolyte kaxewd pol ari zabl e el ectrode/ al um num
current collector construction in which the el ectrodes and separator were
strongly bonded, was capable of being charged and di scharged, and

functioned. ef fiect ienekyrasyan e&cﬁ@o%hﬁléi@Ubk@r' YL tGaRaCIHHAR1 o A% EXAMPLE
29 Electric Dou | e- Lf%? §a0|tor ): The electrol yte conposition for
SEAPH

electric &EBBFé PER/e ?%%%%bgpr¥%ﬁﬁﬂé 8RS iB9aced in a slight

excessson 30 the)surf apelgledite potginzablened 8GhOdS PrAdYEedsidprianpl e
21, another.golaélzable el ectrode of the sane construction was stacked on

top ther edFBr 85 FFE Rds T apPtided Lduch as to meke the gap between the two
pol ari zabl e el ectrodes 25 p and the senbly was. held at about 100C for
1 hour to 35 effect curing“z%hﬁlhtauﬁﬁ e el ectrotyt €lonposition

di sposed between the pair o polarlka el ectrodes to thermally -66 17
January 2004 pol ynerize and forma iﬂHld polyner electrolyte | ayer,

thereby giy ilmt e | ectri c do er pacitor. The filmtype
el ect r?c :‘f g?lﬁ gyerg} c%pauérl%te('):r Thu o%ef al n o h%l atha‘%i'ﬂ?maﬁhn? CH%Ent

col | ect or Kdgekeei Qémcelynﬁrelzecicvrodei sﬂd ildapol goerirelwdichokyigound some

Laver pol il 220l & HLRVRPERY R DB S HHE Lo §OLLFF I AL RIRSLLHA! 190 T 1
substituted with oxyalkylene~containing groups to an average
molar substitution of at least 0.3; and

15 (B) an ion-conductive salt.

2. An electrolyte composition for electric double-layer
capacitors, characterized by primarily comprising:

(A} a polymeric compound containing polyvinyl alcohol

20 units of general formula (1)
—60}12-—— (IZH—)—— (1)
n
OH

wherein n is a number of at least 20, and having an average
25 degree of polymerization of atAleast 20, in which compound some
or all of the hydroxyl groups on the polyvinyl alcohol units are
substituted with oxyalkylene-containing groups to an average
molar substitution of at least 0.3;
(B) an ion-conductive salt; and

30 {C) a compound having crosslinkable fuctional groups.
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the el ectrodes and separator were strongly bonded, was capable of being

charged and di scharged, and functioned effectively as in electric :

doubl e-1 ayer capacitor. 17 January 2004 CLAINS 1. An el efeamany 4004

conposition for electric double-layer capacitors, characterized by

primarily comprising: 5 (A) a polyneric conpound contai ni ng pol yvinyl

al cohol units of general fornmula (1) CH -CH OH (1) 10 wherein n is a

nunber of at |east 20, and having an average degree of polynerization of

at |east 20, in which conpound sonme or all of the hydroxyl groups on the

pol yvi nyl 3al colsl edectsolyte combsbitidrediciBiaxyadkyl eperePAt &l Nifag gr oups

to an avesagge ip! titution of at |east 0.3; and 15 (B) an .

i on- condﬁ%ti ve sal %méominc%?%%%r}l&gyPSRXHﬂYJsiatlFBh% oinidiseefy peneral

doubl e- | &fimuleaphki teme, orhat acifertheedylyosil GREUPY &0k %mg&ﬁﬁ)‘ a

pol yneri ca LIHBQuURd; €0 I ni ol.yvin al cohql . 20 units of general

formila (1) CH7 - CI—EI ’% g’h%g;r%]uet?éé% HX%hi%X%%%B?’Wn%lnlléasfr%ﬂs and

havi ng ant@#@r aferags mdgreeulnftipolyorrozattd aeast ais) ease 30, ain i ch

conpound SRMBvAPs | fipkne by dr oxyl . groups o he. pol yvi nyl al cohol units

are substituted }\ﬁ\it i oxval kY ecﬁle%%nFa? n?"ﬁrb OQfPBE}ﬁsr‘?‘E?’é’t’rn&vBY%ﬁé"Ylnnl ar

subst i t utJ"OPaf Them | e tPad y3inyB) akepticdn undhsusid Viehes alyldroapt Sfbde a

conpound drvithg Crasshkhkahl e j I Qups. .-68 17 January 2004 3.''

The el ectrqlyte corr%osi ?i on ofogg%ill% 0%021 v?/herlé’i(g Oi?hﬁc?cﬂe orb'%/ﬂ yrets ¢

conmpound "3 Ri n§Ppothasi Ayyaldiienel chwinsbefrgenepalyvidyr nul @Hol), some

or afth ofurtifechiyelianHy Bb YRS QN vi.nyl _alcohal., units are

substi tutmed wi th oxyal kgl_ene- clontcalﬁgfﬁgéé)ré()l&éscappeg With one or more.
onovalent “substituents selected from among halogen -atoms,

substituted or unsubstituted monovalent hydrocarbon groups
haviqg 1 te 10 carbons, Rco- groups wherein R' is a substituted
or unsubstituted monovalent hydrocarbon group of 1 to 10
15 carbons, Rl;8i- groups wherein R' is as defined above, amino

groups, alkylamino groups and phosphorus-containing groups.

4. The electrolyte composition of claim 1 or 2 having a bhond

strength as determined in accordance with JIS Ké6854 (1994) of at
20 least 0.1 kN/m.

25

30
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5 to an average nolar substitution of at least 0:3, sone or all of the
hydr oxyl groups, which are the sum of the remaining hydroxyl groups from
the pol yvinyl al cohol units and the hydroxyl groups onlfHguary200

oxyal kyl ene- cont ai ni ng groups introduced onto the nolecule, on the
oxyal kyl ene chai n-beari ng pol yvinyl al cohol 14) unit-containing polyneric
conpougg bekgg pap?ed with one or nore nonoval ent substituents- sel ected
from among Hafigdrianeralectrolyie for ielastriectionbledayariapaditotesbniprizmeal ent

hydr ocar bon ' ' r 1 oyps wherein Rl is a .
cubst | ¢ ut od by PoRmee ofiBolnd Sk ARy ateel wilk abngTioraties 10715
carbons,'R13Siﬁ)groups wherein Rl is as defined above, am no groups,
al kyl am no groups and phosphorus-containing groups. 4. The electrolyte.
conposition of claiml or.2 having a bond strength as determined in
accordance wth JI'S K6854 (1994) of at 20 least 0.1 kN;n. 25 30 | -69 17
January 2004 5. solid pollyner electrolyte for electric double-I|ayer
capacitors conr*?%tng&-«ﬂa | ynmeric compppund contai ni ng pol yvinyl al cohol
units of general'fornulq (#h) 5 CHE---- 1 Hn OH 10 wherein n is a nunber
of at l|east 20, and havigwy an average degree of polynerization of at |east
20, I n which conmpound sonme or all of the hydroxyl groups on the polyvinyl
al cohol units are substituted with oxyal kyl ene-contai ning groups to an
avgy age nol ar substitution of at least 0.3;r 15 (B) an ion-conductive,
salt; and a‘BoI¥nér obt ai ned- by crosslinking (G a conpound havi ng
crosslink. WBPEINW ife numher ofatdegss 26 cdrethizvthg drivepddy degie 6POXY
gr oup- BRERLS j oup-bear conpound and a .
Sompouge nau e er ot 2 i 808 BB oL B fAhd ol Efoues on

' € polyvinyl alcohol units are substituted with oxyalkylene-containing groups to an

average molar substitution of at least 0.3;- )
.15 (B) an ion-conductive salt; and
a polymer obtained by crosslinking (C) a compound having crosstinkable
functional grougs selected from among an epbxy group-beating compound, an
isocyanate group-bearing compéund and a compound having two or more raactive

double bonds,

- 20 the molecular ehains of the polymeric compound {A) belng intertwined Wlth the
three—qimenslona! network structure of the polymer obtained by crosslinking the
compound (C).

2%
30
35
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2G the nol ecul ar chains of the polynmeric conmpound <A) being Intertw ned
with the three-dinensional network structure of the pob ner ob%@&ged by
crosslinking the compound (C). 25 30 35 -69.4 17 Janua i T . Tne
solid polyner electrolyte of claimb5 wherein%sonme or all of the hydroxyl
groups, which are the sumof the remaining hydroxyl groups fromthe

pol yvi nyl al cohol units and the 15 hydroxyl groups on the

oxyal kyl ene-contai ni ng groups introduced onto the nolecule, on the
oxyal kyl ene chai n-bearing pol yvinyl alcohol unit-containing polyneric
conpound (A) is capped with one or nore nonoval ent substituents sel ected
from anong hal ogen atons, substituents selected from anong hal ogen atons,
20 substituted or unsubtituted nonoval ent hydrocarbon groups having 1 to
10 carbons, R CO groups wherein Rl is a substituted or wunsubstituted
nonoval ent hydrocarbon group of 1 to 10 carbons, R13Si- groups wherein Rl
is as defined above, am no groups., alkylam no groups and

phosphdr us-cont ai ni ng groups. 25 7. The solid polyner electrolyte. of claim
.5 or 6 having a bond strength as determ ned in accordance with JI S K6854
(1994) of at least 0.1 kid/m 30 8. A polarizable electrode-form ng
conposition, characterized by primarily conprising: -70 17 January 2004
(A) a polynmeric conpound containing polyvinyl alcohol wunits of general .
formula (1) 5 GCGH2 CH (1) OHwherein nis a nunber of at |east 20, and
havi ng an average degree of polynerization of at |east 20, in which

conpoup somne

6. The solid- polymer electrolyte of claim 5 whereim some or
all of thg hydroxyl groups, which are the sum of the remaining
hydroxyl groups from the polyvinyl alcohol wunits and the
15  hydroxyl groups on the oxyalkylene-containing groups introduced
onto the molecule, on the oxyalkylene chain-bearing polyvinyl
alcohol unit-containing polymeric compound (A) is capped with
one or more monovalent substituents selected from among halogen
atoms, substituents selected from among halogen atoms,
'20 substituted or unsubtituted monovalent hydrocarbon groups having
1 to 10 carbons, R CO- groups wherein R' is a substituted or
unsubstituted monovalent hydrocarbon group of 1 to 10 carbons,
R38i- groups wherein R' is as defined above, amino groups,

alkylamino groups and phosphorus-containing groups.

25
7. The solid polymer electrolyte of claim 5 or 6 having a
bond strength as determined in accordance with JIS K6854 (1994)
of at least 0.1 kN/m.

30 8. A polarizable electrode~forming compoéition, characterized

by primarily comprising:
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or all of the hydroxyl groups on the polyvinyl alcohol units are 10

substituted with oxyal kyl ene-contai ning groups to an av e
substitution of at least 0.3; (D) a |large surface area ﬁgﬁgrl’lfaﬂn%@%d (E) a

conductive material. 15 9. A polarizable el ectrode--form ng conposition,
characterized by primarily conprising: (A) a polyneric conpound containing
pol yvi nyl alcohol units of general formula (1) 20 CHz CH n OH wherein n
is a nunber of at |east 20, and having an average degree of polynerization
of at least 20, in which conpound sone 25 or all of the hydroxyl groups on

the polyvinyl ajmohal yBLiBe@i® cSHPSEhd utc%qtﬂﬁimgoxxaig\virﬁn)-afggﬁﬁ ni ng
groups to antavega‘?e ?—‘g‘ﬁl ar substitution of at least 0.3; (C) a conpound
havi ng cr oS nRALTE ctPHR&}a g(r]dups; (D) a large surface area nmaterial;
and 30 (E) a conductive material. -71 17 January 2004 10. The pol ari zabl e

el ectrode-form ng conpositif f claim8 or 9 wherein sone or all of the
hydr oxyl groups, which ar?&gggz_sﬁﬁ;ﬂ)‘a‘rhe remai ni-ng ({1ydroxyl groups from
t he pobyvinyl alcohol units and tl1e ydr oxyl groups on the

oxyal kyl ene-containing 5 groups i nfHoduced onto the nol ecule, on the

oxyal kyl ene chai n- bearing pol yvinyl al cohol unit-containing polyneric
conpound (WApreis ocappech widnbeoneoDrafDLeas®NLYAl 8Ad BabEld t MenhsesfjLct ed

from anong halo . substituted or ungubstituyted nonoval ent

hydr ocar bonggrg%uggn%%‘fv“l ng_lfgfg%)mloo%laar olrﬁ?,slth?L R WITBPRYR 19PTR1 i s a
substit ut @& 8f1uns ulist itydredy honoumlsent hiydrmadawhen] graane10finicd aurkD
carbong, RL3SticQUPS;Wherei i.s.a defined above, am no groups,

al kyl am no grohps and [l)%\ﬁlosg 8%@%%% aclorxlli%ﬁbnm oHpYPSI5 91 AThRV A% i zabl e
el ect r ode™PorHi P Lorpsspni oh af lekakn®83: or 9 which has a bond strength as

determned in q@gorqa@§§g¥“§J}face area material; and

(E) a conductive material.

15 9. A polarizable electrode-forming composition, characterized
by primarily comprising:
(&) a polymeric compound containing polyvinyl alcohol

units of general formula (1)
20 +CH2~ (':H—)— (1)
) 1
‘ OH

wherein n is a number of at least 20, and having an average
degree of polymerization of at least 20, in which compound some
25  or all of the hydroxyl groups on the polyvinyl alcohol units are
substituted with oxyalkylene-containing groups to an average

molar substitution of at least 0.3;

() a compound having crosslinkable functional groups;
(D) a large surface area material; and
30 - (E} a conductive material.
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JI'S K6854 (1994) of at least 0.1 KNNm 12. A pol arizable el ectrode produced
by coating the 20 polarizable electrode-formng corrposhzl on of &% one of
claimtse 8 to 11 onto a current collector. 13. An electri 8 ye
capacitor conprising a pair of polarizable electrodes with a separat or

di sposed therebetween, 25 characterized in that the pair of polarizable

el ectrodes are polarizable electrodes according to claim 12 and the
separator is conposed of a separator substrate inpregnated with an ion-
conductive salt-containing solution. 30 14. An electric doubl e-Iayer
‘capaci tor @6npr Cséngodaphidblef elmltabﬂéatﬂmlﬁbe@oh@dgﬁty%ﬂ hof &epak agor

di sposed tggrgbeévxéaen o%gar act gﬁ) din t g Eal r ol ari zabl e

el ectrodesaré "12°1F FPERGary 2 goF%?l Oé‘y | 8 P?Eﬁfes oPdengEo
claim 12 anmdmtbg @@W&i@onlngshmedroﬁpﬁ ﬂm@art&boposybﬁwlatae_c@qﬂaled or

t h | I t f | ect doybl. e-|
capacttor P el arnty e EVARREhT GOIRES, bh s By dr e

conpri st nggaowRs rlIUfrodplglear prab| ehel rctaades vmt kha sepaliatienedictipased

t her ebet wegp e h he, pair gl.arizabl e el ectrodes are

pol ari zabl e Eérlrﬁ{]?% g’% %o‘% O%gcftlt %an a"]orrﬁl% nln ﬁ%gmgebﬁr%?r%ﬁ @1

sol i d pol y#ercaprast wécht eng Fremocenposen lehtt heb@ttzsmtemlsyselemaipd$bml on

for elect rhﬁox@@”@k@o&éﬁ’e tSQQams‘ﬁBE%l@Jte(a J:n!n :l:l s&gstfgf{h l ecl rr{o(%r lant

doubl e-l ayer capacitor conprising a pair Farlza e ele rodés with a

separ at or BYSFRFEPOLherebes werhngl3 @I@arlﬁcperbq@i |RiC©hagrQLh:ES péderedf

pol ari gl & el gty 0dessal ey o) é{»' 23l %iﬁ%{@dﬁé e
tor ct doubre- | ayer

and the separator is a solid po Fectro
capaci t or sYEEHrYi ny & ]epnfaé?ﬁénéf E]Iséhrsggﬂmﬁ WherABgTﬁA@‘S An dsiféoedol yt e

conposi ti oapbeRd, ansebi §roehy, n%&kﬁh%iﬁ&'@ifo% Eoémﬁf';ﬁfésrph%rﬂg’ A B

capacitors are endowed wth high ionic conductivity, "hig | ness and
shape groups.
15 11. The polarizable electrode-forming composition of claim 8

or 2 which has a bond strength as determined in accordance with
JIS K6854 (1994} of at least 0.1 kN/m.

iz, & polarizable electrode produced by coating the
20 polarizable electrode-forming composition of any one of claims 8

to 11 onto a current collector.

13. An electric double-layer capacitor comprising a pair of
polarizable electrodes with a separator disposed therebetween,
25 characterized in that the pair of polarizable electrodes are
polarizable electrodes according to claim 12 and the separator
is composed of a separator substrate impregnated with an ion-

conductive salt-containing solution.
30 14. An electric double-layer capacitor comprising a pair of

polarizable electrodes with a separator disposed therebetween,

characterized in that the pair of polarizable electrodes are
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retention. The invention is also directed at a polarizable

el ectrode-form ng conposition and a pol arizable electro i hi gh
adhesion, high dielectric properties, and excell ent shaggd?@?%%?g%ﬁ. A

hi gh- perfornmance el ectric double-layer capacitor arrived at using the
above conpositions and conponents is additionally disclosed.

polarizable electrodes according to claim 12 and the separator
is composed of a separator substrate coated or impregnated with
the electrolyte composition for an electric double-layer

capacitor of claim 1 or 2.

15. 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
pelarizable electrodes‘according to claim 12 and the separator
10  is a solid polymer electrolyte layer composed of the electrolyte

composition for electric double-layer capacitors of claim 1.

16. BAn electric double-layer capacitor comprising a pair of
polarizable electrodes with a separator disposed therebetween,
15 characterized in that the pair of polarizable electrodes are
polarizable electrodes according to claim 12 and the separator
is a solid polymer electrolyte for electric double-layer

capacitors according to any one of claims 5 to 7.
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