1 z ovc SC7 DESCRI PTI ON | ON CONDUCTOR AND ELECTROCHEM CAL DI SPLAY DEVI CE
UTI LI ZI NG THE SAME 5 TECHNI CAL FI ELD The present invention relate§cypj ngtpn
conguctor and an el ectrochem cal disphay device utilizing the sane. 1 /
BACKGROUND ART Solid materials for use as an el enment between the el ectrodes
of a battery, an electric double-layer capacitor (electric double-I|ayer
condenser), or the |like, have been devel oped wherein the use of a
structural material which prevents a short-circuit between the el ectrodes

i s unnecessary and wherein it is DESEEIBEION to be concerned 15 about the

| eakage of electrolytic solution. It is required that materials used for
these have both the following two properties: a high ion conductivity as an
i on conductor and structural stability and processability as a separator on
a hi gher |@¢lCOMBUCROR MDD B ECITR(FCHBMICIAZ! BISEAY DIEVICE UTHAZING!

el ectrolyte (one that is conpletely solid) and a polyner gel electrolyte
are known. 20 However, since the igﬂﬂ?ﬁ tivity of intrinsic polyner

el ectrolytes is basically |ow (Iless an 10-4 S/cmat roomtenperature), an
intripsic polyner electrolyte used at roomtenperature has not yet reached
practpcal use. On the other hand, as exanples of polyner gel electrolytes, a
honogeneous gel electrolyte made by swelling an organi c pol yner
(pol yet hyl ene oxi de, polyacryloﬂEKHﬁﬂE?Upﬁﬂya?nylidene fluoride, etc.) with
an electrolytic solution nade by dissolving a supporting electrolyte

(Li CI &4, quat erTher pressmoinvertticdatdlstes @b can) idnn cenduotodr amsio htv esddctiobgmical

display device utilizing the same.

10 BACKGROUND ART
Solid materials for use as an clement between the electrodes of a battery, an
electric double-layer capacitor (electric double-layer condenser), or the like, have been
developed wherein the use of a structural material which prevents a short-circuit
between the electrodes is unnecessary and wherein it is unnecessary to be concerned

156  about the leakage of electrolytic solution. It is required that materials used for these
have both the following two properties: a high ion conductivity as an ion conductor and
structural stability and processability as a separator on a higher level. As examples of
such materials, an intrinsic polymer electrolyte (one that is completely solid) and a
polymer gel electrolyte are known.

20 However, since the ion conductivity of intrinsic polymer electrolytes is
basically low (less than 10~ S/cm at room temperature), an intrinsic polymer electrolyte
used at room temperature has not yet reached practical use.

On the other hand, as examples of polymer gel electrolytes, a homogeneous gel

electrolyte made by swelling an organic polymer (polyethylene oxide, polyacrylonitrile,



exanpl e, see patent docunents 1 and 2); a structure-based gel electrolyte
made by form ng an organic pol yner (polyol efin, polyethylene oxide,

pol yacrylonitrile, 5 polyvinylidene flgoride, etc.) into a porous body and
by maintaining an electrolytic solution in mcropores of the porous body
(for exanple, see patent docunents 3 and 4); and that nmade by inpregnating
a network-structure support nedium conprising a non-electroconductive

pol ymer with an.elecirolyte (for xanp see tent docu . can be
hent | onedPoltmtitEnaG Fils) guith lepﬁplyfle utiqm gnadgy mfilgﬁe YiAgt2 t he
el ectrolytic solution rarel Ieaks but it has di sadvantage that the ion
conduct i \dupportiag elastrahite €304, uaternagy Ammeaiyn saltso sig)dn |avpogz;r sofvean(for

el ectrolytic solution itself because the maxi num capacity to naintain the

el ect r ol yédampdq| st iparfent Sloatnaerits fli wed 2);nestrastulabaped agl ehatrobte noidgat C
pol yners. On the other hand, the structure based gel electrolyte has a

pr obl em t t Y, Kk t bot h
of theselij’r:?}';ll%/lg1 t @ g&%@ﬂ@nﬁaﬁﬁ qpbléyo @ef ?{/elglra]t %haggdopdl%breloe ect rol ytic
solutlonl |ct ccor toakl of a in ternms
of cor?patl? ﬁ§f:[et9'ét qolp afi FOT P g‘?ﬂ?r %@Hg@ %ﬁp ﬁBoer]fL{Wg it ai ni ng
the electrolytic soluti on and the soJvent. For these reasons, the

devel opnesotution ingpicrapress of Shesparavhrdyfer examplf seprientdpcrments Brandi4); al |

el ectrolytic 20 solutions and in which | eakage of the el ectrolytic solution
rarely ocadr thahasadeeby impragnefing tevctwPet-strctiDo canppont rhedidep eprepasitipexanm ned
Pat ent Application, Publication No. 2001-351832 Patent Docunent 2: Japanese

Unexam negbnPéat@icoridhive Pbiyﬁﬂ:r whthbini edédtiobyte [or exdirhpld AR8 patenPad@ienDoL ument
3: PCT International Publication No. WD 95/06332 Patent Docunent 4: PCT

I nt er nat i QRae RMoheat i ON No. WO 95/ 15589

10 The homogeneous gel electrolyte has the advantage that the electrolytic
solution rarely leaks, but it has disadvantage that the ion conductivity is low and does
not reach the ion conductivity of an electrolytic solution itself because the maximum
capacity to maintain the electrolytic solution is about five times as large as that of
organic polymers. On the other hand, the structure-based gel electrolyte has a problem

15  in that the electrolytic solution is likely to leak. Also, both of these have the problem
that the kind of solvent used in the electrolytic solution is restricted according to a kind
of organic polymer used in terms of compatibility between the organic polymer used as
a support maintaining the electrolytic solution and the solvent. For these reasons, the
development of ion conductors which have a high capacity to maintain all electrolytic

20 solutions and in which leakage of the electrolytic solution rarely occurs has been
anticipated.

Patent Document 1: Japanese Unexamined Patent Application, Publication No.
2001-351832

Patent Document 2: Japanese Unexamined Patent Application, Publication No.



Pat ent Docunent 5: Japanese Unexam ned Patent Application, Publication No.

5 2000- 11758 DI SCLOSURE OF | NVENTI ON Problens to be Sol ved by the Present

I nventi on The object of the present ingention is to provide an ion conductor
wherein the 10 anount of electrolytic solution inpregnated can be nade

| arge i ndependent of the kind of solvent used in the electrolytic solution
and the concentration of the supporting electrolyte so that a high ion
conductivjty can be obtained and the electrolytic solution inpregnated
rarely Iéﬁlél4%§wwbans for Solving the Problenms The inventor discovered that
t he above problem can be solved by an ion conductor wherein fine particles
of an or gBatent Ipsiument 3 WHOE dntemational Publigatiao Noa V@ 95/i6332r ed by the BET

nmet hod is |large and which include a |l arge amount of ultra-fine particles of

i nor gani cPaentBunthenhdSEC B e egtomd Publidatio NUTBY©5/155890 M or |ess, are 20
i npregnated with an electrolytic solution, and this resulted in the present

inventio h i | s ppe i i pSKit QR OXde an
ion Condlrj‘f(’:e%t%r-# ﬁgghn%F Illtgltsﬁg?@?ﬁ %‘ree ggnre%(?glfn[eég ggﬂa gtn ‘gfyrgg%{ﬂ%ﬂpgﬁ?}t#%}lglﬁnc Cudi ng 20
to 80:{9 by, @sg SE ultra-fine particles of an inorganic conpound; and an
el ect oly% ) 3 tion inpregnated into the fine particles of the organic
pol ynmer, wherein the above ultra-fine particles of the inorganic conpound
have an average particle diameter of 500 nmor less and the fine particles
of the organic polyner have a specific surface area of neasured by the BET
met hod of 30 nz/g or nore. DISCLOSURBOR MNVENTEONI on In the ion conductor
of the present invention, the anmount of the electrolytic solution
i npr egnat P@bkai tb be Sotled b3t Piddaaiandgioh of the kind of solvent used in the
The object of the present invention is to provide an ion conductor wherein the
10  amount of electrolytic solution impregnated can be made large independent of the kind
of solvent used in the electrolytic solution and the concentration of the supporting
electrolyte so that a high ion conductivity can be obtained and the electrolytic solution

impregnated rarely leaks.

15  Means for Solving the Problems
The inventor discovered that the above problem can be solved by an ion
conductor wherein fine particles of an organic polymer whose specific surface area
measured by the BET method is large and which include a large amount of ultra-fine
particles of inorganic compound whose average particle diameter is 500 nm or less, are
20 impregnated with an electrolytic solution, and this resulted in the present invention.
That is, the object of the present invention is to provide an ion conductor
comprising: fine particles of an organic polymer including 20 to 80% by mass of
ultra-fine particles of an inorganic compound; and an electrolytic solution impregnated

into the fine particles of the organic polymer, wherein the above ultra-fine particles of



el ectrolytic solution and a concentration of a supporting electrolyte so
that a high ion conductivity is obtained and the electrolytic solution

i npregnated hardly | eaks. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1
shows a schematic representation of a display device utilizing an ion
conductor according to the present invention. Figure 2 shows a schematic
representation of a display device utilizing an ion 15 conductor according
to the present invention. Figure 3 shows an ipage by transm ssion el ectron
ni cr oscopfomorganie suppquaddiave gp ayerpgRirartisds glasietq sl S0mmer lesscanddthag
ultra-fine particles of silica. Description of Synbols 20 1 represents an
i on condudinerpattinicy ofi thg drganid polymes diave arspecific enrfé¢enatea dif meaauredrdtyethe al

whi ch changes col or because of an el ectrochem cal oxidation-reduction

reacti on) BEX meto@ €80 24 drirasrepar ent substrate; 3 represents a transparent
el ectrode; 5 4 represents a counter electrode; 5 represents a sealing

medium 6 represents a counter substrate; 7 represents a col or-devel opi ng
| ayer whi ch changes color by an 5 el ectrochem cal oxidation-reduction

| nvent §on EXBE AR EBRICARRY] NG CLT THE | NVENTI QN Her ei naf Ler . the i on
conductor of the present invention is explained in detail.

In the ion conductor of the present invention, the amount of the electrolytic
solution impregnated can be made large independent of the kind of solvent used in the
electrolytic solution and a concentration of a supporting electrolyte so that a high ion
conductivity is obtained and the electrolytic solution impregnated hardly leaks.

10
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic representation of a display device utilizing an ion
conductor according to the present invention.

Figure 2 shows a schematic representation of a display device utilizing an ion

15  conductor according to the present invention.

Figure 3 shows an image by transmission electron microscopy of fine particles

of organic polymer (polyamide) including ultra-fine particles of silica.

Description of Symbols
20 1 represents an ion conductor according to the present invention (including a
material which changes color because of an electrochemical oxidation-reduction
reaction);
2 represents a transparent substrate;

3 represents a transparent electrode;



10 (Fine particles of an organic polyner and ultra-fine particles of an

i norgani ¢ conpound) Fine particles of an organic polynmer used in the ion
conductor of the present invention incgude ultra-fine particles of an

i norgani ¢ conmpound whose average particle dianeter is 500 rimor less. It
is mentioned that inorganic fine particles of silica, alumna, etc. on a 15
mcroneter scale are added to the intrinsic polyner electrolyte and the

pol ymer gel electrolyte for the rpose of inproving the strength of

menbr anes, propérrﬁll"ré%enbgfaccﬁm&'§lﬁ°8°¢"e5|stance etc. of the ion conductor.
However, the fine particles of the organic polynmer used in the present

i nvention incl depregentsca SBblpmedass, of ultra-fine particles of the

i norgani ¢ conpound whose 20 average particle dianeter is 500 rimor |ess.
These cannot begabjrasanech eamtdrkubstratd; Pl y m xi ng organi ¢ polyners with

i norganic corrpoun s. As for the organic pol yrrers including the ultra-fine
particles of the CyC e a er,i s 500
nm or | ess, thelr E%frec e SS gcldggee{wgﬁé l ure IP Elﬁ}dn&%ﬁ Cdrjr%fhod can be
madeqlte ebe au .Lhei onten{, he uItraflne particles of the

i nor gafi ¢ EeSﬁﬁ Aacd gEpeey glééie‘ﬁ‘ﬁﬁ"?ﬁﬁa% 1‘? W't ferent fromthe case in which
the organic polynmers include the partic]les of the inorganic conpound on a
ni cronet er scal 8ICPrREents anvign copduckyacsrfing to the Mesenhivgitite conpound used in
the present invention refer to fine particles of 500 nmor |ess on a
nanoneter scale. 5 The organic polyner is not particularly limted as |ong
as it can include a high content of an inorganic conpound in a state of
ultra-fine particl eBESIUMQDE FOR CARRYING OUFETHETRSENTICQRO! yur eas havi ng a
pol ar group which has an affinity with inorganic conmpounds such as netal

0o, Tl | YR 5 ShaCobh O ey SRR E)
10  (Fine particles of an organic polymer and ultra-fine particles of an inorganic compound)
Fine particles of an organic polymer used in the ion conductor of the present
invention include ultra-fine particles of an inorganic compound whose average particle
diameter is 500 nm or less.
It is mentioned that inorganic fine particles of silica, alumina, etc. on a
15  micrometer scale are added to the intrinsic polymer electrolyte and the polymer gel
electrolyte for the purpose of improving the strength of membranes, properties of
pressure resistance, etc. of the ion conductor.
However, the fine particles of the organic polymer used in the present invention
include 20 to 80% by mass of ultra-fine particles of the inorganic compound whose
20  average particle diameter is 500 nm or less. These cannot be obtained easily by simply
mixing organic polymers with inorganic compounds. As for the organic polymers
including the ultra-fine particles of the inorganic compound whose average particle

diameter is 500 nm or less, their specific surface area measured by the BET method can

be made quite large because their content of the ultra-fine particles of the inorganic



is by interfacial polycondensation. This occurs from contact between: an
organic solvent solution (A) including at | east one conpound selected from
the,group consisting of a dicarboxylic acid dihalide, dihaloformte and
phosgene, and an organic solvent; and 15 an aqueous solution (B) including
a netal conpound of at |east one alkali nmetal elenment and other netal

el enents, a diam ne and water. For exarrpl e a pol yam de can be obtained by

t he pol ycondensatj on of 1car jd dihalide with a dianne; a

pol yur et h&RARPe B’@“‘Gﬁ?saq"ﬁ‘egl § dhe 585608 Which the AERRICROMRES such as

di chloroformate, etc. with a d| amne; a 20 pol yurea can be obtai ned by

pol yconde ichededhe partigle b thgdnergamic comppurid en alivderpmeter sede. t hei r st ruct ur es
are determ ned according to the kind of nononmer used for polycondensati on.
As an exanpl e offhe naltrig<iriec pamiclReusfithe dhorgamist canpoundonganiic e Npresdi
selected fromthe group consisting of a netal oxide, netal hydroxi de and

metal 7 cafaanes R&AD fﬁﬁgaﬁ]ﬁliﬁ%r@tsb nff\HBss B nddoffRidlscgl de (s preferabl e

because it is easy to t |ne partl c ose average particle

di anet is 500 unror J £55; nﬁ %‘ﬁ' i gedomldes ncI ude.silica (S Q2),
alumn mOXI de, H%amo%oym%llsc%)}) ¢ )%Hﬁ e %ﬁe %Hﬁ gsaehgl)}l de,
etc. Silica and Ium num_oxide are. 5 preferable in terns of the anmount of
el ectrol y@%te%wﬁ@m dPOTgRRiE (CORPRURR iR Rpvtalg rft Wiradig pareesdyiinolypsnides, i on
conductivity. The above-described production nethod makes it possible to

i ncl ude t pelyuretiangs pind polyneas having agoktr greuppivhicht hag -ahiaffinigawith dharganibios e
average particle dianeter is 500 nmor less and in 20 to 80% by nass. Al so,
si nce thecompondsi Bechpag t inelab Soxidles) hethD hydfuxgdas] anealRatbodategr dicy @epar ate

fromthe fine particles of the organic polyner and
preferable.

10 An example of a method for producing fine particles of these organic polymers
is by interfacial polycondensation. This occurs from contact between: an organic
solvent solution (A) including at least one compound selected from the group consisting
of a dicarboxylic acid dihalide, dihaloformate and phosgene, and an organic solvent;
and

15  an aqueous solution (B) including a metal compound of at least one alkali metal element
and other metal elements, a diamine and water.

For example, a polyamide can be obtained by the polycondensation of a
dicarboxylic acid dihalide with a diamine; a polyurethane can be obtained by
polycondensation of a dihaloformate such as dichloroformate, etc. with a diamine; a

20  polyurea can be obtained by polycondensation of a phosgene, etc. with a diamine; and
their structures are determined according to the kind of monomer used for
polycondensation.

As an example of inorganic compounds, at least one inorganic compound

selected from the group consisting of a metal oxide, metal hydroxide and metal



the capacity to be inpregnated with an electrolytic solution can be high,
the average particle dianmeter of the ultra-fine particles of the inorganic
conpound is preferably 300 nmor |ess,7 nore preferably 100 nmor |ess and
nost preferably 50 mm or less. In terns of a balance between a capacity to
be inpregnated with an electrolytic 15 solution as a function of an ion
conductor, and properties of a nmenbrane such as processability, elasticity,
heat resistance, etc. as a separator, it is preferable that the content of
the ultr a‘-’%rgﬁ’f@t‘b%“t beprsteraly shewn.uit ganstal exids sunrateradlesbecadserihos ¢85y fass wit h
respect to the fine particles of the organic polyner. If an inorganic
conpound fosmailtradipe edrticlestyshase aperagaieadticle dianzterds §8tnm ordesspol yner with a

m Xi ng equi prent (extruder, etc.), under the present conditions, it is

qui te difficul tExampledef iniwilgadldes hehjdewilkcat (5i0e), iahghindedokidef fim@xpdl ti cl es
of organic polynmer in a state of ultra-fine particles of 500 nmor |ess and

[ a hi ghzisQRt@RoxRle, 20 olie, Bafeabsd Diifle, HECUHHEA Ghd NSk o6RBGRL veness

characteristic of iInorganic “conpounds. However, any pr ction nethod can

be applied i.f_t.he fine rticles pf, | t he -organi c, pol ynmer can incl ude 20
Lo 50% byPrsteebigf lehmf ab AR of patirel i Syt EPhRnGan HF FpatRiet Bad T os
of 500 nmor less by treating the surface of the inorganic conpound, or by
i mpr ovi ngtheppagatudepkion GoBGueHYItYt he di spersing device, etc. It is preferabie
that the shape of the above-described fine particles of the 5 organic

pol ymer be fi neTlarboed-descuibat eredustiag engthod i rodkesdit apessible ite ihclude 13O0 | un.
Al so, a shape wherein the average breadth of the fine particles of the

organi ¢ pinoygiBic doinpodd i Gtatd 6B GltArRhel ieticdyewhos Aeppetpattile diafletdr he
organic polyner is 5 to 20 is preferable. In particular, it is preferable

En_h ﬁ O]E Pgeétbsmﬁmp&rl%és%ﬁ?inoio {180 A Raks. PHYIBIndRGhE Ritkd1find ga@i%les%ff thent
(pul'p). The average particle dianeter hereof represents a
parti ﬁJ € inorganic compound hardly separate from the fine particles of the organic polymer and
the capacity to be impregnated with an electrolytic solution can be high, the average
particle diameter of the ultra-fine particles of the inorganic compound is preferably 300
nm or less, more preferably 100 nm or less and most preferably 50 nm or less.
In terms of a balance between a capacity to be impregnated with an electrolytic
15  solution as a function of an ion conductor, and properties of a membrane such as
processability, elasticity, heat resistance, etc. as a separator, it is preferable that the
content of the ultra-fine particles of the inorganic compound be 30 to 70% by mass with
respect to the fine particles of the organic polymer.
If an inorganic compound is attempted to be compounded with an organic
20  polymer with a mixing equipment (extruder, etc.), under the present conditions, it is
quite difficult for the inorganic compound to be included in fine particles of organic
polymer in a state of ultra-fine particles of 500 nm or less and in a high content of 20%

by mass or more, because of the self-cohesiveness characteristic of inorganic

compounds. However, any production method can be applied if the fine particles of



10 di ameter obtained by calculating the arithnmetic average of the breadth
and length of the particles. The ultra-fine particles of inorganic conpound
in the organic polynmer cannot contribwe effectively to form ng a specific
surface area and the inpregnation wth an electrolytic solution unless the
organic polyner is in the shape of fine particles. The ion conductor of the
present invention can be irrpregnat ed with a large 15 anount of electrolytic
solution such that the solut IS h@t’%tolekand an ion c{lductor

i npr egnat B ORRATIC Bymeb el 90&%@ 701y BRSS! @R ARQIEYAIE COMBPYRY 18R SHME h
respect to the fine particles of the organic polyner including the

ul tra-finef pirafias gertivles phSODnwNgam lass g@hﬁ@&tmg d¢len sbdager ofi e dnorganic
(Electrolytic solution) 20 The electrolytic solution of the present

i nvent i oncamppmdsesbyinpippiap thadispeesiag hgaitthe dapersimgsieiicendte.f or di ssol vi ng
the supporting electrolyte. The solvent may be either aqueous or non-aqueous

and, in additiop 1Tsopr$ﬁ}ﬁﬂe thd?otlhérshﬁﬁeg%@'tﬁe %%V@Hés%n()&{ IRl SRfclefIdPaRat €,
di mret hyl carbonat e, et hoxyet hanol - met hoxyet hanol , 1 sopropyl al cohol,

N net hyl p |id t h t ami I a nitrile,
but yr o@/nl t%/{gfl@c pq?%rﬁ%\r gn:}?‘ﬁﬁaﬁ&% Wé’f’go%’/ee?g gglltl le 32%1”% gl ac gﬁdd)me“( hyl ene
gl ycol erne glycal, etc.) can ntj oned s e nples n addi tion,
if an aquégﬁe a shapg aftersia ﬂers@@ra&sfbr%@h ag%é{naé@erq el tﬁ%ﬁrgéaﬁ ddfvent s,
sol vents conpatible with water can be used by dissolving themin the aqueous
sol vent 52@pm drdessawditl averagei aspechrat@®iche prgasicawtyrer ip p do @A depretanable.ne i on
conductor can be used at a |ow tenperature. As exanples of the supporting
el ect r ol yheparti¢uldy, iti3 prefdrsblé khalt teuineqarticlésef, the bigahicpoljanerbeda thd $Hapé um
iodide, lithiumperchlorate, lithiumnitrate, lithiumsulfate, [lithium
tetraf | uopPhG #irofibeisipHiP)Nexae bQraPPAERRA:SnetBt Rerkof RpkAbhts ARJaRicIbal | des
10  diameter obtained by calculating the arithmetic average of the breadth and length of the
particles. The ultra-fine particles of inorganic compound in the organic polymer
cannot contribute effectively to forming a specific surface area and the impregnation
with an electrolytic solution unless the organic polymer is in the shape of fine particles.
The ion conductor of‘ the present invention can be impregnated with a large
15 amount of electrolytic solution such that the solution is hard to leak and an ion
conductor impregnated with 500 to 2000% by mass of an electrolytic solution with
respect to the fine particles of the organic polymer including the ultra-fine particles of
the inorganic compound can be produced.
(Electrolytic solution)
20 The electrolytic solution of the present invention comprises a supporting
electrolyte and a solvent for dissolving the supporting electrolyte.
The solvent may be either aqueous or non-aqueous and, in addition to water,

polar organic solvents (propylene carbonate, dimethyl carbonate, 2-ethoxyethanol,

2-methoxyethanol, isopropyl alcohol, N-methylpyrrolidone, dimethylacetamide,



10 (sodium chloride, sodium brom de, sodium i odide, potassiumchloride,
potassium brom de, potassiumiodide, etc.); amoniumsalts
(tetrabutyl anmoni um brom de, tetrabuty ammoni um chl oride, ammoni um
fluoroborate, tetraethylamonium tetrafluoroborate, tetrabutyl anmoni um
tetrafl uoroborate, tetraethyl anmonium perchlorate, tetra-n-butyl amoni um
perchlorate, etc.); inorganic acids (sulfuric acid, 15 hydrochloric acid,
perchloric acid, etc); and the |ike can be nentioned. The concentration of
the suppofimsthylireantids. vt accinjtrilfe JBHVIOBHTILY o glutaganitrile o Alimethpxyeshanse

i ntended use of the ion conductor of the present invention and its required
per f or mang-dutysolactose, rethylerer gliycal) propylehé glyceld et hanthednéntioned aiersimpdesan i on
conductor) 20 The ion conductor of the present invention can be produced by

a method LEadditios iNgi aguepiOsEsént &f usRUNGNBS aBbgddsthiedi@ntdqubes Plvedisgani ¢
pol ymer wherein the fine particles of organic polyner are obtained by

i nterfaci %}l‘d‘?ﬁ% %&r?%%ﬁﬂé WithORaGALSE Bée‘a”BfE?ﬂ&cﬁG% éﬁcﬁ%‘{fﬁé&@g%&rl%@n?

sol vent s containing at |east ‘one co romthe
group gonsi §ting. . di carhoxylic acid dihalide,, dihaloformate.and
hosgehe. 5o RiskSdlidts ool BECIRF eee Gl Pyl b R G RORTRP 8PS i ng a
nmetal conmpound of at |east one alkali netal elenent and other netal

el enent s, 22 WVLISMPETa8HE. water; and 5 a process of inpregnation for

i npregnating the fine particles of the organic polyner wth an electrolytic
sol ution. (ProcAssexampdasnofidls supppriing) elqgotolyite; | bthiw saltgydhthiumpothjoride) 1 n t he
process of synthesizing fine particles of organic polynmer used suitably for
t he preselithifViadinidy), lithingr Medi@dEithiuk pBRhrgaNlithia! difratoNlilA)m asutkatehe

diamine in
lithium tetrafluoroborate, lithium hexafluorophosphate, etc.); alkali metal halides
10 (sodium chloride, sodium bromide, sodium iodide, potassium chloride, potassium
bromide, potassium iodide, etc.); ammonium salts (tetrabutylammonium bromide,
tetrabutylammonium  chloride, ammonium fluoroborate, tetraethylammonium
tetrafluoroborate,  tetrabutylammonium  tetrafluoroborate, tetraethylammonium
perchlorate, tetra-n-butylammonium perchlorate, etc.); inorganic acids (sulfuric acid,
15  hydrochloric acid, perchloric acid, etc); and the like can be mentioned.

The concentration of the supporting electrolyte may be appropriately set
according to the intended use of the ion conductor of the present invention and its
required performance, but is not particularly limited.

(Method for producing an ion conductor)

20 The ion conductor of the present invention can be produced by a method
comprising:
a process of synthesizing fine particles of organic polymer wherein the fine particles of

organic polymer are obtained by interfacial polycondensation caused from contact

between: an organic solvent solution (A) containing at least one compound selected



10 the aqueous solution (B) are quickly polycondensated by stirring from
about ten seconds to several mnutes at roomtenperature under normnal
pressure and an organic polynmer can bggobtained in a large yield. In this
case, an alkali nmetal in the metal conpound such as an alkali silicate,
etc. acts as a renover of a hydrogen halide generated in the

pol ycondensati on of the nononer with the diam ne so that production 15 of
the fine rtlcles of the organj.c ar.e pronpt ed. EUrln this

react i on, Hopbthegown consishing acclwﬁrng lﬁ@"‘é‘thB‘Flléﬂ Hibaiofoqm SB#%o| ubl e
in the organic solution or water and, precipitates. ThIS is because its
al kal i netpd agorganietsolvent,endved. If an alkali silicate is used, it is
converted into silica (glass) in this way and, if other netal conpounds are

used, theynaigee@BNyhiticd (B contaiditigdahetalc e@fﬁpmﬁs of @nliéisNbAg akalitindtal 20
el ement excluding alkali netals as well. In this case, only one of the

product i ogeifent El-ﬁjhotﬁé&ﬂ@ﬂaPelEﬂleMtgei dz%lﬁ%ﬁ%%&ewt' on of the monomer wth
t he di am ne and precipirtation of the inorganic conpound does not occur
si ngul inste t he in 0.1 e inotgani c _conmpound
does e Prira B8 mieBniieis o ot erBaR S ine PRRR) oty B8 RO B Ef oo on a
nanoneter scale. 11 As exanples of dicarboxylic acid dihalides in the

organi c sé}‘ﬂ@tﬂncﬁkc(trﬂjﬁlce{"@i‘ﬂlonhal i des of aliphatic dicarboxylic acids
(succinic acid, adipic acid, azelaic acid, sebacic acid, etc.); acid

hal i des o(Pchsmemthﬁsmg)ﬁnqpmﬁclasbﬂerg(misq)plwrm) ic aci d, terephthalic

acid, etc.); acid halides of aromatic carboxylic acids wherein hydrogen

atoms in the SldfeEbedss rdf@ﬂﬁthasﬁﬂng s tpattidl@0of @vagnit pRlyrhdecused Buitdbly
menti oned. As exanpl es of dihal of ornate corrpounds in the organic soI ut| on

(A), ali phﬁtﬂle pré.i,bﬁ’ﬂ fﬁvérﬁno% H{e%aﬂfﬁﬂ%rﬁhtt%% ﬁ%/ag}@ %68 a.JnthhQ

1, 8- octanedlo etc.) wheréin all ps are c ro ormated
o R AR by ) PR P e R o

seconds to several minutes at room temperature under normal pressure and an organic

polymer can be obtained in a large yield. In this case, an alkali metal in the metal
compound such as an alkali silicate, etc. acts as a remover of a hydrogen halide
generated in the polycondensation of the monomer with the diamine so that production
15  of the fine particles of the organic polymer are promoted. During this reaction, the
metal compound containing an alkali metal becomes insoluble in the organic solution or
water and, precipitates. This is because its alkali metal content is removed. If an
alkali silicate is used, it is converted into silica (glass) in this way and, if other metal
compounds are used, they are converted into inorganic compounds containing a metal
20 element excluding alkali metals as well. In this case, only one of the production of the
organic polymer by polycondensation of the monomer with the diamine and the
precipitation of the inorganic compound does not occur singularly, instead, they occur in
parallel, so that the inorganic compound does not form a coagulated structure and can

form ultra-fine particles on a nanometer scale.



10 hydroxyl groups are chloroformated by a way of phosgenati on can be

menti oned. As exanpl es of phosgenes in the organic solution (A), phosgene,
di phosgene and triphosgene can be nmentjjoned. The above-descri bed nononers
can be used alone or as a mxture of two or nore kinds. 15 A kind of
organi c polyner in the present invention can be changed by selecting a
nmononmer used in the organic solution (A). Wen a dicarboxylic acid dihalide
is used as a nononer, a polyam de can be gbtained by a reaction with a

di anine in the Agueamplessef dicarbpxylis) acidydeiplidesim theopigamigtselution (dddacid a
nmononer, a pol yurethane can be obtained. Wen a phosgene is used as a
mononer, &ahddsyofratiphatandicarbokylai asds (sReciffieeacal, gdipic acid) azelic asiddsebacit he
organic solution (A) is not particularly limted as long as the sol vent
does not nedcktc); abid Raided oY arsifsed HiRaoRPINOBEIRS (RophtHAlAThAE Sterephfdlie an

di ssol ve the nononer in the organic solution (A). t hese, as typical
exanpl es - qt e .LNnc i.Bl i : d LG (tal uene,
i one.  aridh QRS0 oLUTRIFREL of sfoutid BBl BEATRAL G KEOEEY BOAR G
hydrocarbons (chloroform .12 nethyl ene chjorid tc.); and alicyclic

hydr ocar b3HEn M%ﬁé&%ﬁ&l‘“ ¢ J]%lﬁﬁlkﬁéanhfeﬁlteflﬁwg' and, as typical exanples
of those conpatible with water, ethers (tetrahydrofuran, etc.); ketones
(acet one, net hyAsexpgpler of dhalofermaty copeimgs iy the preganig sadutiqnetAoy pliphetie at e,
propyl acetate, etc.) can be nentioned. 5 Wien a solvent inconpatible with
wat er i s wsdsl( h3-paopanedjal)ilgi-buthwestinl, bjo-Helvanediolg &8 actartliol, on) (vhirein bk

pol ycondensati on reacti on becones an interfacial polycondensation generated

only at aob@wﬁydﬁsxﬁtgrﬁaﬁsea@memﬁﬁ@d%gaa%@ffsrfhbygeinaﬁbq; (tValét hehsls agueous
solution (B) so that an organic polyner in the formof fibers (pulp) 1is

i kely t ;’ hRAnERbA! ARfox1 TerBASS 1 Uhel two" 6 ProRd! aftihilic" Ands” Gnleir? bt RIAhE ©

10 hydroxyl groups are chloroformated by a way of phosgenation can be mentioned.

As examples of phosgenes in the organic solution (A), phosgene, diphosgene
and triphosgene can be mentioned.

The above-described monomers can be used alone or as a mixture of two or
more kinds.

15 A kind of organic polymer in the present invention can be changed by selecting
a monomer used in the organic solution (A). When a dicarboxylic acid dihalide is used
as a monomer, a polyamide can be obtained by a reaction with a diamine in the aqueous
solution (B). When a dihaloformate is used as a monomer, a polyurethane can be
obtained. When a phosgene is used as a monomer, a polyurea can be obtained.

20 The organic solvent used in the organic solution (A} is not particularly limited
as long as the solvent does not react with the above-described monomers and diamines,
and can dissolve the monomer in the organic solution (A). Of these, as typical

examples of those incompatible with water, aromatic hydrocarbons (toluene, xylene,

etc.); aliphatic hydrocarbons (n-hexane, etc.); halogenated hydrocarbons (chloroform,



10 acids as a nononer in the organic solution (A) and an aliphatic diam ne
as a nononer in the aqueous solution (B) are used, the nol ecul ar wei ght of
t he .obt ai ned organic polynmer can be eggily increased so that fine particles
of the organic polyner in the form of fibers is likely to be obtained. On

t he ot her hand, when a solvent conpatible with water is used as an organic
15 solvent of the organic solution (A), polycondensation occurs in which the
organic solvent and water are enulsified so that fine particles of the
organi ¢ poiethyigne; ghloride.f gicni astl plicxetic kydrogasbenss (¢vglabiexanienesic.) Nanrhe t er

whi ch organic solvent is used, fine particles of the organic polyner

obt ai ned mestioneda ahdy masoftypioald exampleki bér thosancompetiblé neith amwaterc cetlasind
contained is in a state of ultra-fine particles, such that the specific 20

surface afteRaHIQESTIRS, ERNIRetonde(2BEBHE méthyl SthPlORGbRY, @td P ahe aliiPrag&taRs ed Wi th
an electrolytic solution easily, imediately, and in a | arge anount. The

di am ne uﬁetagllbﬂg?th{ai?%@gﬁlg%g&tesg{c?teééﬂirﬂ’ﬁ tiioﬁeJTOt particularly limted as | ong

as it rea ner U e organic solution (A) and produces

an organic pol r. Fqr exanple,. aliphatic diam nes (1, 3-di am nopropane,
" 4G nobut alBen Aol et SP AR E MatoraS aah P 3B R SOPEOL B onmt i

di am nes (m phenyl enedi am ne, p-phenyl enedi am ne, etc.); derivatives of
aromat i ¢ elganicnesoltignei (dhytheogmlycondensation rdactien oheqomesr jang mtesfacial
substituted; and the |i ke can be nentioned. These may be used alone or as a
m Xt ur e opolyveandensation ezekeratks. oifly Hha bamdearyt siaface bedfechhie ropgamice solution he
organic solution (A) and the concentration of the diamne in the aqueous

sol ution (A)ardl e AQlcoRdkblufish AB8) 3% thhiMd &afis po gms i the! f0fn REFIHERNPARIBFat | on
reaction can proceed sufficiently, but are preferably in the range of 0.01
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10  acids as a monomer in the organic solution (A) and an aliphatic diamine as a monomer
in the aqueous solution (B) are used, the molecular weight of the obtained organic
polymer can be easily increased so that fine particles of the organic polymer in the form
of fibers is likely to be obtained.
On the other hand, when a solvent compatible with water is used as an organic
15  solvent of the organic solution (A), polycondensation occurs in which the organic
solvent and water are emulsified so that fine particles of the organic polymer in the form
of powder can be easily obtained. No matter which organic solvent is used, fine
particles of the organic polymer obtained are in a form of powder or fibers, and the
inorganic compound contained is in a state of ultra-fine particles, such that the specific
20 surface area becomes large. Therefore, it is possible to be impregnated with an
electrolytic solution easily, immediately, and in a large amount.
The diamine used in the aqueous solution (B) is not particularly limited as long

as it reacts with the monomer used in the organic solution (A) and produces an organic

polymer. For example, aliphatic diamines (1,3-diaminopropane, 1,4-diaminobutane,



10 As exanples of alkali silicates in the agqueous solution (B), those
represented by the conposition formula of 220 nSi Q2 (water glass #1, #2,
#3, etc. described in JIS K 1408) andjighe |ike can be mentioned. Herein,
"A" represents an alkali netal and the average value of nis 1.8 to 4. An
al kali metal conpound contained in an alkali silicate acts as a renover of
aci ds which are generated when the nmonomer in the organic 15 solution (A)

and the di ne.in the aqueous sol ution (B) are pol, ycondensat ed,. so that
the al kal #%galweyhéxwohgr&mme%m \FEOh dEfRatiG diamifes (Msphenylsnediamips, 1

diam nes and is sinultaneously converted to silicon oxide (silica) which is
i nsol ubl epiphesdenadinmging,rric.h:hdesivativesoflreomatic diamine wherin hydrogencatams im- f i ne
particles of the inorganic conpound contained in the fine particles of the

or gani ¢ ptleydrematic Bndairenistitesl; ahd theliketal be aveptioneds afhesd magdetusede
al kali metal element and other netal elenents in the aqueous solution (B),

CO”F’OUndsal%ﬁ@BPései‘ﬁl%E{umofttQﬁkgﬁ{b%EfndffOrm“ a AxMyBz can be nentioned.

Herein, "A" represents an a netal elenent; "M represents a transition
nmetal el ement of, G ou |cal et al ele s 13 to
T6 of The peri ol apuraibg.or uit ool G A ofeentt, 57 H8{‘|@Raf'n‘gttgﬁp 14
sel ected fromthe group consisting of 0, CO3 and OH, and "x", "y", and "z"

r epr esent CongERtation ofiihe Idfaﬁyn%é)‘h% agpeoys'solutign (&) qre pot P@a@%ﬂi’b

represented by the above general formula AxMyBz, those soluble in vvat er and
showi ng blwgaistye polgcondersfativnlpéastion nart mcmﬂiayn@s buhare giréfetablynptthé
conpound in the alkali silicate, the 5 alkali metal conpound contained in

the net al ra&@eRp0)0d t6 Ahel/ I inigre picfatabBl in thetadlge aF 905 tadtrfoldS swchrtBatede of
acids in the pol ycondensation, such that the alikali silicate pronotes the

pol ycondemgln%hog{erst% d@iﬁf&@f‘%&ll%&"bﬂe%oﬂﬂbﬁm ne and is sinultaneously

converted to a netal corrpound |nso uble 1n solvents. As a result, this

beco a fmate g%%%r%ﬁeg Ji sﬂmate%a'r thé laceﬁeo%fs shiifioh QBS,gtﬁ&eCre%PengxﬁgJ'd

contatned in fi

by the composition formula of A:0-nSiO: (water glass #1, #2, #3, etc. described in JIS
K 1408) and the like can be mentioned. Herein, “A” represents an alkali metal and the
average value of nis 1.8 to 4. An alkali metal compound contained in an alkali silicate
acts as a remover of acids which are generated when the monomer in the organic

15  solution (A) and the diamine in the aqueous solution (B) are polycondensated, so that
the alkali silicate promotes the polycondensation of the monomers with diamines and is
simultaneously converted to silicon oxide (silica) which is insoluble in solvents and this
also becomes a material for the ultra-fine particles of the inorganic compound contained
in the fine particles of the organic polymer.

20 As examples of the metal compounds of at least one alkali metal element and
other metal elements in the aqueous solution (B), compounds represented by the general
formula AxMyBz can be mentioned. Herein, “A” represents an alkali metal element;
“M” represents a transition metal element of Groups 3 to 12 or a typical metal element

of Groups 13 to 16 of the periodic table; “B” represents at least one functional group



10 the organic polymer. O the netal conmpounds containing an al kali netal,
conpounds of the above general fornula wherein "B" is 0 (an oxygen atom
can.i nclude sodi um conpl ex oxides (sogyum zincate, sodium alum nate, sodium
chrom te, sodium nolybdate, sodium stannate, sodiumtitanate, sodium
vanadate, sodiumtungstate, etc.); potassium conplex 15 oxides (potassium

zZi ncate, potassi um alum nate, potassiumchronite, potassium nolybdate,

pot assi um < tan ot assi um nman t 0 ium tant gl ate, ,potassi um
tungstate @ e R eonsmggi{%ﬁﬁ%éﬁ@fén oke. Yo . 40 i TRPTESFR| ex
oxi des (I |th| um aI uminate, |ithium molybdate, 1ithiumstannate, etc.);
" Ubi f um DwRbeTEeneRiiEEbondssof (AT, EMRpIg B 35 compeundserepreRatechby Abe

exanpl es of netal conmpounds containing alkali nmetals wherein "B" in the

above genebale faterall formakl UadsyBigtthosy sélablegimowpter Gind GSEdwingl bakicitpair@ssi um
zinc carbonate, potassium nickel carbonate, potassium zirconium carbonate,

ot assi Uyt GRIHAOMAE waP U AR ikl hBlaC ASANIAS (RE Glkefi 2O, 1RO L Oned.

These net al corrpounds cont ai n?ng al kali netal s may ydrates to be

mor o naetti o chilaage ?Pik}leﬁ%tﬁs Glpoi ??ni%'sgl&s gl o o o

above-descri bed al kali silicates. f norc%anl € conpounds, net al i des are
pr ef er abl &8, 2 FEMEYEAf 5165t In ﬁl&ap yeideasationy sHeth dhat e cdikali; lieis de,

zi rconi um oxi de, zinc oxide, nmanganese oxide, 5 nolybdenum oxide, tungsten
oxi de andps:irmcit@eaﬂlc@nlmndmmti@m‘ghe menomer with the diagtingrand insowilthacously si | i ca
are preferable because their average particle dianeters of the fine

particl escomvertedrad la Arehl tdagipouhd rigsotutd@én Sblviehis! y Aksa eesak] thébecoest e ot her

hand, as an organi c pol yner, pol yam des, pol yurethanes and polyureas are
pref er abl gatctae forARRFRE phR1dsi TF8hPRbEalcEonouh oRhBBN i fiRCpiTBles 81 d
10  the organic polymer.
Of the metal compounds containing an alkali metal, compounds of the above
general formula wherein “B” is O (an oxygen atom) can include sodium complex oxides
(sodium zincate, sodium aluminate, sodium chromite, sodium molybdate, sodium
stannate, sodium titanate, sodium vanadate, sodium tungstate, etc.); potassium complex
15  oxides (potassium zincate, potassium aluminate, potassium chromite, potassium
molybdate, potassium stannate, potassium manganate, potassium tantalate, potassium
tungstate, potassium aurate, potassium argentate, etc.); lithinm complex oxides (lithium
aluminate, lithium molybdate, lithium stannate, etc.); rubidium complex oxides; cesium
complex oxides; and the like.
20 As examples of metal compounds containing alkali metals wherein “B” in the
above general formula includes both of the groups of CO3 and OH, potassium zinc
carbonate, potassium nickel carbonate, potassium zirconium carbonate, potassium

cobalt carbonate, potassium tin carbonate, etc. can be mentioned.

These metal compounds containing alkali metals may be hydrates to be



10 the shape of the ultra-fine particles of the inorganic conpound vary
according to the conbination of an organic polyner. O these conbinations,
fine particles of organic polymer whergin ultra-fine particles of alum num
oxide and/or silica are included in fine particles of organic polyner of
pol yam des can be nentioned as a preferable node. (Device for producing
ultra-fine particles of organic polyner) 15 A device used for synthesizing
fine particles of organic polynmer by the above-described production nethod
i s not patisselypdiin yater niAlse) these cam e usedialenequnas @anixlipe o BkeoLmoEdEnds. ent
contact between the organic solution (A) and the aqueous solution (B) and
this can beadditibmthese omytbiensedisinaymhenushrwith teebseddescribed alkals silivkten an

al i phatic diamne is used as a diam ne in the aqueous solution (B) and an
aliphatic 20 di eariexpahicCcafipdhnds,hkiall®xides UF€ prefradldTAGNE ekdinplbE ofr gani ¢
solution (A), a soli gel -1i ke product may be produced by the

pol ycondepsadi I j i) bt S o r . ) i a
strong sheari r?gfqeg’rdg%ﬁl@éﬁl u(g)gg&inrl# %(rl%egrz lr?%lﬁ%@u@?&e?ﬁfe&%g%ﬁ-’ Haﬁg‘{“ﬁ?@é’ﬁg% and to
further cau he reagtion nd as an ex l e of such.a mxer, a. Qhlender

br oduchd pieadeBiimg 736 el ofiln e STER L@ b “BENDE ok apdielahe

pol ycondensation reaction of the nmononer in the organic solution (A with

t he di an Almipumpxidepndsilicasst prefepble Bycayse heirpyeenge ppiicledipgmetges afrtbeind
tenperature for exanple, in the range of -10 to 50C. Therefore, the

t enper at ufire phrtiskds ate dnwd] agintheic fineddéspesdiilityhieexetemti ¢ sol ution (A) and the
aqueous solution (B) takes place is in the 5 range of tenperature of -10 to

S0C. In this caem, thaedthie haki) NI 45 SkgiRid PolyndeCpopafifdes OpolySreliRE@Ssad Y.
Al so, the polycondensation reaction is conpleted i1n a short period of tineg,

ioual Y ol i Bl B8, Btk Spcp B e agon (1
condu% or hw shape of the ultra-fine particles of the inorganic compound vary according to the
combination of an organic polymer. Of these combinations, fine particles of organic
polymer wherein ultra-fine particles of aluminum oxide and/or silica are included in fine
particles of organic polymer of polyamides can be mentioned as a preferable mode.
(Device for producing ultra-fine particles of organic polymer)

15 A device used for synthesizing fine particles of organic polymer by the
above-described production method is not particularly limited as long as the device can
make an excellent contact between the organic solution (A) and the aqueous solution
(B) and this can be either a continuous system or processed in batches. When an
aliphatic diamine is used as a diamine in the aqueous solution (B) and an aliphatic

20  dicarboxylic acid dihalide is used as a monomer in the organic solution (A), a solid
gel-like product may be produced by the polycondensation. In this case, it is
preferable that a mixer having a strong shearing force be used in order to crush the

gel-like product and to further cause the reaction, and as an example of such a mixer, a

blender produced by Osterizer, Co. Ltd., and the like can be mentioned.



10 The ion conductor of the present invention can be obtained by
inpregnating the fine particles of the organic polyner obtained in the
abowe manner with an electrolytic solygion. The fine particles of the
organi ¢ pol yner, obtained by the above-descri bed process of synthesizing
fine particles of organic polyner are obtained in a wet cake-like form

i npregnated with 400 to 700% by mass of water with respect to the fine
particles 15 of the organic polyner, but the wet cake-like fine particles of
the organic pol yhepolysgndepsationgeactiqnof thenerpmmer ia theergeniy selutien (4} WBh and
the water may be substituted with the electrolytic solution or the wet
cake- | i ke thid diempmrinith¢ egueofis stletion (Biprocerds yufficiantly aberoudd itedpevatoee fond t he
dried fine particles of the organic polymer may be inpregnated with an

el ectrol Wak&m?l@,' it the Pangel@fL Y@ o 50°C. t MeheYeTbreC teQempkiaturd BEwRiRR thedtitac®f t he
organic 20 polyner are dried and the fine particles of the organic pol yner

a0 Sl e PR R ST B oD o

or gani ¢ polyner, es o e organic

olyner to absorb an electrplytic tiqgn agnd the anqunt of the
gl e)ét r%l yf?“(,gCSBf JF?‘BﬁraI"ﬁ‘E)r‘éfgﬁﬁ 8 Sﬂ{)a : 'ﬁnc Hdt25Be MSH T aF YEPTCSHEY d¥%%r e, the

met hod wherein the wet cake-like fine [l)articles of the organic polyner are
i mpr egnat SECARRRIASSIAR IS7NQOCEEEY: 0l AlS9-cthe dralitdopdensation Keacteon vk gempletesyinsei t ut ed
with the electrolytic solution. As an exanple of a nmethod for inpregnating
the fine phort petieh obfinteheswallgawitlin fiftedey meinutes ton less adtheuglr tliy/ is dependanti on, a
nmet hod wherein the fine particles of the organic polyner are cast into an

el ectrol ypsn ielkitd SMmbicRe 2d redttisfevieeusad filtered after 5 being
di spersed adequately; a nethod wherein an electrolytic solution passes

t hr ough I %P i cl rgani ¢ polymer for inpregnating them a

met hod vmgllr’}gf%]éspﬁg %fpgfearﬁﬁ?/l?é%&r?pgﬁoﬂed solvent is distilled out after the

fine rticles t he or.gani c.polymer . are dispgrsed.in.an el ectrolytic

sol ut fn: or  t h&hF j9ReeopdEtEr.o% he ot dnvépfion HE s, 8bigigad by imprsenatng the.y '

these. The fine particles of the organic polyner of the present invention
fine particles of the organic polymer obtained in the above manner with an electrolytic

solution. The fine particles of the organic polymer, obtained by the above-described
process of synthesizing fine particles of organic polymer are obtained in a wet cake-like
form impregnated with 400 to 700% by mass of water with respect to the fine particles
15  of the organic polymer, but the wet cake-like fine particles of the organic polymer may
be impregnated with an electrolytic solution and the water may be substituted with the
electrolytic solution or the wet cake-like fine particles of the organic polymer may be
dried once and the dried fine particles of the organic polymer may be impregnated with
an electrolytic solution. However, if the wet cake-like fine particles of the organic
20  polymer are dried and the fine particles of the organic polymer stably solidify owing to
hydrogen bonds derived from polar groups of the organic polymer, it is difficult for the
fine particles of the organic polymer to absorb an electrolytic solution and the amount of
the electrolytic solution impregnated therein cannot be so large. Therefore, the method

wherein the wet cake-like fine particles of the organic polymer are impregnated with an



10 can be nmade as a wet cake inpregnated with 500 to 2000% by mass of an
electrolytic solution with respect to the fine particles of the organic

pol yner by only carrying out sinple pgpcedures such as chargi ng and

di spersing the fine particles of the organic polynmer in the electrolytic
solution, and filtering them This is because their property to be

i npregnated with an electrolytic solution is excellent due to a presunptive
15 mechani sm descri bed herei nafter. Al so, the dispersion of the fine

par ti cl eselegtralyic sobytipnrand thesglvent is substitutadarith theyalsctrobgicselwsigncan be easily
carried out by using a general-purpose stirring tank because the fine
particles of thésengaanplepd]a/methodrfer impiegnatieg tha fineepatticles of theidpgarsc or
powder. (Properties of processability of ion conductor) 20 If the fine

par ti cl espdlymbhithafl @cEoR®ic ¥BRItio 2/ Methdd WiRidh @he fihdpirticles Bf BRIJrgamid ar ,
they preferably have a formof pulp wherein the gauge of fibers is 20 um or
| ess and e Eabi.0 | . : ability
o be madt {nFo nass pyh bRyl SIRn frosteq W R IR ok R SR e
a form of, powder, then, they have the capabilit 0 be .used for, coating.
Ther efor At atperses AliaplERt: o B tiotvherEar A S BF saBubR SHser PuBoRbye i he
processability and properties_of being handled easily. In particular, if
the fine thadinedagicles of the osgamitpelymer ordmpsegnating theal;faomgthed whesrindhe 5 sheet
of the wet cake whose tensile strength, flexibility, and plasticity against
i nfl ecti oferraedy-confhinedsolvent iedistiled duttaftet iltet find pagtitleeofthk wrganic polemar ed by
di spersing the fine particles of the organic 5 polyner in an electrolytic

sol uti on. ard AKpEIsed th ar ElettPoliHid) SSIRESR Y tROlilEOFIAME Eetionell YXbut tekieioll s Ot her
materials and, if an ion conductor conprising only the fine particles of

the organif 1RAleBha8d ThE Rk ?%{c%)@g?ﬁ’aﬁ%ﬁ% ipgpm;ﬁe? o HRbreldE iﬂantQtri]&g Ed“Ct or

can also function as a separator. npregnati on W
el eCt1r00| yéa'ncbesr(r)lla et ey vJe rcalgeeivlﬁ'%rg&a?e% with 596 %5 5}308‘% by mass of an electrolytic

solution with respect to the fine particles of the organic polymer by only carrying out

simple procedures such as charging and dispersing the fine particles of the organic
polymer in the electrolytic solution, and filtering them. This is because their property
to be impregnated with an electrolytic solution is excellent due to a presumptive

15 mechanism described hereinafter. Also, the dispersion of the fine particles of the
organic polymer in an electrolytic solution can be easily carried out by using a
general-purpose stirring tank because the fine particles of the organic polymer are
obtained in the form of fibers or powder.

(Properties of processability of ion conductor)

20 If the fine particles of the organic polymer have the form of fibers, in particular,
they preferably have a form of pulp wherein the gauge of fibers is 20 um or less and the
aspect ratio is 10 or more, then, they have the processability to be made into paper. If
the fine particles of the organic polymer are in a form of powder, then, they have the

capability to be used for coating. Therefore, the fine particles of the organic polymer



10 ionic conduction) The ion conductor of the present invention can be

i npregnated with a large amount of 500 to 2000% by nmass of an electrolytic
.solution with respect to the fine partjgcles of the organic polyner so that
it can al nbst have the sane ion conductivity as that of an electrolytic
solution wherein a supporting electrolyte is dissolved. It is 15 assuned
that the property of inpregnation with an electrolytic solution of the ion
conductor of the present invention js devel oped by chem cal propertjes and
conf or mat WH&FRP%Q%V& < RIfCeYRa ‘1"?41%‘05%%?1?? E‘ip%n% Q?F‘g%lnﬁe PRBIPI®Br and
the ultra-fine particles of the inorganic conpound contained in the organic
pol ynmer hifithe fimpeattisdasgafrthe organjroprlgmenarctin the fibers, sshget aftthe avegani c
pol ymer has a high 20 affinity with polar solvents as represented by
silica, neikalwhosedessile vatadth fiekibitity]and pladttiay agaiiso nfbdceion aftldgh Ausbe t he
content of the inorganic conpound is high as it is represented as 20 to 80%
by mass. : L [?@lg;yg i : sdd:ne

parti cl es%ﬁf)"ggrbmﬁ%‘g@%a%‘?ﬁﬂg e ﬁgﬁ%?}é?@éﬁ%@&ﬁﬁ%ﬁg?@?l@%& .Oyltﬁrg%%%-{l?i on,
because th rgani.c _pog [ is.alsodn formof fin rticles, the 19

o tr a1 nBShBP AR s3I TRE bRy o ThBelrtrt B Sneredfiy B sbEoii g il no

i nside the organic polyner but .on the surface of .the fine particles qf the
or gani ¢ pgneywrtﬂ qthertmﬁémqlﬁénirsgw 1q0 gopdygtog WPW%&W@%E%B%FH&ICBH a
nanonet er scal e, whose surface area per unit nmss is quite large, are
present othet ¢rganiarpodyecrodnd the dléateolytar salutiansisofisetihtheoioganondudompeinyates , t hen
the surface becones |arger and a high affinity with polar solvents is

i mpart ed. fNction as & sépardttiought that the fine particles of the organic pol yner
can have a property such that they can be inpregnated with a | arge anount

of an el eqiteQlaishfs of 1lpHichaflorP REAHLISAB Il oA Ioh 1B BEeldplgbP ppeit) B

i nor gani ¢ conpound pre on the surface forma gap filled w
el ect{d)I y}cjnfccgo%ld%ﬁo% between the fine particles of the

The ion conductor of the present invention can be impregnated with a large
amount of 500 to 2000% by mass of an electrolytic solution with respect to the fine
particles of the organic polymer so that it can almost have the same ion conductivity as
that of an electrolytic solution wherein a supporting electrolyte is dissolved. It is

15  assumed that the property of impregnation with an electrolytic solution of the ion
conductor of the present invention is developed by chemical properties and
conformational factors which the fine particles of the organic polymer and the ultra-fine
particles of the inorganic compound contained in the organic polymer have.

The inorganic compound in the fine particles of the organic polymer has a high

20  affinity with polar solvents as represented by silica, metal oxides, metal hydroxides,
metal carbonates, etc. Also, the content of the inorganic compound is high as it is
represented as 20 to 80% by mass. Furthermore, the inorganic compound is made up
of uitra-fine particles whose average particle diameter is 500 nm or less.

In addition, because the organic polymer is also in a form of fine particles, the



10 organic polynmer. Thus, since the ion conductor of the present invention
can be inpregnated with nost polar solvents such as water, polar solvents
used in the electrolytic solution are ngt Ilimted. Also, even if the
concentration of the supporting electrolyte in the electrolytic solutionis
I ncreased, the ability to be inpregnated with an electrolytic solution is
hardly 15 affected. In order to nake the anobunt of the electrolytic

solution ippregnated | arge by ,increasing.,the specific surface area, the
aver age p&ﬂoq-ﬁ%epmlglﬁéPéﬁeﬁgmpﬁmamﬁﬂﬁpy [ Rreffeé‘én%trmfla%ﬁ}erﬂgﬂ%i c
conmpound is preferably 300 nmor less, and nore preferably 100 nm or | ess.
Al so, thepelymestut on ti{xn@urfmereﬁthew‘@qaamml@sﬁ the orgasici paymani df dgerfiveind 20
in the organic polymer is preferably 40% by nass or nore, and nore

pr ef er abl parfidbés Y therhwsganic comipund e 4 nareneedsriscalt ewhese subfacpaley per ugit t he
present invention can include 80% by nass of them (Specific surface area)

The aboverggs Gy iBRg 1EEN &R Btk dnicofiiiot AT e MUPBRLLRY Db hedast that

20 the specific surface area neasured by the BET nulti-point nmeth

i ncreases_from 3 [0 10 150 n2/ g when the .content of . the ultra-fi.ne
par t1 of os P Hkethen dhe SufiBoes BekolEn dtbhand A ER Ry Rt el s 'SF ¢ e
organi ¢ polyner, i ncreases, from20% by mass to 0% by .mass. 5 In_ particular,
if the i ngpPARde é’é?ﬁadhﬁdh‘i’ ttaf the he AThRIPH R XQrgdiic pplymeg san hayea
diameter of the ultra-fine particles of the inorganic conpound becone quite
fine as ampertyluchthatFhey ranrhsr enprépaated, aiithoa lange tameovaitiof sinoeleetr@itic on
m croscopy (TEM revealed that a network structure was fornmed wherein the
fine part selution Gecduze the nirgfine paciolgpoundhd indtgehic Rompotind Pesamsen ahe t hi s
structure, the fine particles of the

surface form a gap filled with the electrolytic solution between the fine particles of the

10  organic polymer.

Thus, since the ion conductor of the present invention can be impregnated with
most polar solvents such as water, polar solvents used in the electrolytic solution are not
limited. Also, even if the concentration of the supporting electrolyte in the electrolytic
solution is increased, the ability to be impregnated with an electrolytic solution is hardly

15  affected.

In order to make the amount of the electrolytic solution impregnated large by
increasing the specific surface area, the average particle diameter of the ultra-fine
particles of the inorganic compound is preferably 300 nm or less, and more preferably
100 nm or less. Also, the content of the ultra-fine particles of the inorganic compound

20  in the organic polymer is preferably 40% by mass or more, and more preferably 60% by
mass or more. The fine particles of the polymer of the present invention can include
80% by mass of them.
(Specific surface area)

The above-described mechanism of impregnation is supported by the fact that



10 organi c polymer have a large specific surface area of 50 to 150 nR2/g and
are abele to have a higher capability to be inpregnated with an
electrolytic solution. It is preferabl ggthat the organic polynmer be a

pol yam de, pol yurethane or polyurea. This is because an am de bond,

ur et hane bond or urea bond present in the polyner nakes it possible to
include the fine particles of the inorganic conpound and to 15 have an
affinity with palar solvents, so that it is paossible for the fine particle
of the ~p8eysperificsurace arsaageasiwcd by the BEE mnylimoint) raethpd inareases; ooy 3Gn.
Thus, the organic polynmer content also contributes to the property of

i npr egnat mdig twilA natYg wher theadopteint of thie i trapfine particles of shel imprasicompoonde

i npregnated with a large volunme of the electrolytic solution based only on

the af finidcyudell ih RBe @8 PatticletOoPOk)dTRinic Yo Mer ifcrbA8s FRRAY SOUEBE Mal§ e Pr ocess

of synthesizing fine particles of organic polyner, fine particles of the

organi ¢ pehyMRmb&: 9- polyam de) including no inorganic conpound were
synt hesi zed L@;um ng caustic soda instead of netal conpounds contai ning

al kali_metals; the fing p i cl es of the organi c.,.pol r indicated , a

Speci 170 surf ackl BPEIRELG, M nRiEePIteCHRROHE, RodlBT o ebumitiah Sidrp ¢ and

t he amount 21 of the electrolytic solution inpregnated therein represented a
very | ow paitigle damefeiefithe ukea-fingpartigles plthe dngsganiq eorspepndi becqroe awits finkre in
the formof fibers. Because of this, in the ion conductor of the present

i nvent i onas tabeutc dfbnmat iFortherindrie Obseraatian byl trasmissiorn elestran em@foscope
particles and the inorganic conpound in a state of ultra-fine particles 5

incl uded tTEMSiréveaRdi thROL hétork $hectreORay forMed WikteiR alvd fifle partieRS idfitke sur f ace
area neasured by the BET nethod of 30 nz/g or nore provides an ion

conduct or i&o?a%%&?ﬂnep&ﬁhilﬁﬁ&é%m?%@b{) ?&%aﬁ&f of s BRRAFD! thb BHE Bhttffls oFffie | ON

conductivit I on conduc e present 1nvention‘varies Wwdely
‘g‘olt Dngfe B bW m&! S5 PlafSd Sedfc U806 LI FSWCT50 8 b % OLER0NS
have a higher capability to be impregnated with an electrolytic solution.

It is preferable that the organic polymer be a polyamide, polyurethane or
polyurea. This is because an amide bond, urethane bond or urea bond present in the
polymer makes it possible to include the fine particles of the inorganic compound and to

15 have an affinity with polar solvents, so that it is possible for the fine particle of the
polymer to be impregnated with much more electrolytic solution.

Thus, the organic polymer content also contributes to the property of
impregnation with an electrolytic solution, but it is impossible to be impregnated with a
large volume of the electrolytic solution based only on the affinity of the organic

20 polymer. When, in the above-described process of synthesizing fine particles of
organic polymer, fine particles of the organic polymer (e.g. polyamide) including no
inorganic compound were synthesized by using caustic soda instead of metal

compounds containing alkali metals; the fine particles of the organic polymer indicated

a specific surface area measured by the BET method of less than 1 m%g; and the amount



10 and the ion conductivity thereof, but can achieve 1 x 10' S/cm or nore;
nore preferably 2 x 10° S/cmor nore; nost preferably 5 x 10' S/cmor nore.
(Mechani cal and thermal properties) Inggonventional ion conductors nade by
usi ng polymer gel electrolytes and the |ike, conpatibility between the
properties of the nenbrane such as elasticity, which is 15 necessary to
prevent a short-circuit when used as a separator, heat resistance, etc. and
a high ion conductivity was not sufficient. The fine particles of the
organi ¢ p®f theeslectolticesobptioneimprpgnatad: therein eapresanied e vy 1o ataluecalthougince
because the fine particles of the inorganic conpound reinforce the organic
pol yner . therfinexpartjiles, ofthe argahie pol yyasri werpai theeform of fibpsl y Betaise of this, 20

i norgani c conpound is silica and the content of silica is 60% by mass, the

fine partinelies cofucir SGRMprRinY iBentdh, IR cGNBIRGSor Bf MRYEEdmAd pAyRRENL 4 es at
300C or less. The ion conductor of the present invention ob?al ned by

i npr egnat | ! ] t X I A t to
heat resi ést?tgn{)ghﬁ? ggft &ééraist Qr?deZtliesfn g)lrr%agl&aﬁdﬁ If’%pe&[S |H} ?o%&gu&;‘%‘frmft% 15‘%@9‘?%
addition, .t ipe particles of _the organi ol ymer of the, present invention
can hdve chg'ﬁeé&ﬂ?fé 15 EBP%‘?%CELGW & nge,r e PhEPe aﬁ‘Fgacﬁo‘F ris a
pol yam de and the i norgani c conpound is silica, the fine particles of

or gani ¢ pwlegswed buithe BETymethadiof 3Qgnl/per mdrgprevides an jasnepnduetbutlishgarr esol s,
whi ch can di ssolve 5 pol yam des, and strong al kali sol utions, which can

di ssol ve sitisfycthe objeer effthe presentémventibsiong aci d sol utions in which
hydrochloric acid, sulfuric acid, and nitric acid dissolve can be used as

an el ectrol yti cTgolioh icBRduchiviP of M8 Nioh N@nUARoL QRAHE tiREset iAV2ALEN R2ERS
invention is used as a material for an el ectrochem cal apparatus such as a

Z leggt” ‘rj g(r: %‘é’}f?ya%i@% %ﬁly"%éﬁ gg %faegtds ?HP s51utiBY FhpfBRACH i the bfeaniPpoler
10  and the ion conductivity thereof, but can achieve 1x10”* S/cm or more; more preferably
2x10? S/cm or more; most preferably 5x10° S/cm or more.
(Mechanical and thermal properties)

In conventional ion conductors made by using polymer gel electrolytes and the

like, compatibility between the properties of the membrane such as elasticity, which is
15  necessary to prevent a short-circuit when used as a separator, heat resistance, etc. and a
high ion conductivity was not sufficient.

The fine particles of the organic polymer of the present invention can have high
heat resistance because the fine particles of the inorganic compound reinforce the
organic polymer. For example, when the organic polymer is a polyamide, the

20  inorganic compound is silica and the content of silica is 60% by mass, the fine particles
of organic polymer do not change in physical properties at 300°C or less. The ion
conductor of the present invention obtained by impregnating this with a polar solvent is

also excellent with respect to heat resistance.

(Solvent resistance and repetition durability)



10 it hardly deteriorates even if charging and discharging, or coloring and
decoloring are repeated. The ion conductor of the present invention is
. Characterized in that it can be wused @apone. However, binding materials such
as a binding agent, a wide variety of resins, etc. may be included for,
anong ot hers, the purpose of inproving the strength of 15 the ion conductor
shaped into a nenbrane to such a degree that this does not inpair any of
t he necessary prope[tie%h?%ElectronicalIy i nsul ating Eroperties) The ion

t

conduct or of ~ t hi #ldian, e pestistescofrihe organicipelyms of thecpresany tavention
batteries or as a separator of electric double |ayer capacitors. In this
case, as ¢an have higheckentarssistances h&oi exampled urhenr theo organie pbbyoter dsizal |y
insulating properties, it is preferable that el ectron-conductive materials

are not upslglamidetdnd the @mgmi@@bmpﬂﬁncﬁﬁckilidahﬂud fing gaiﬁiclésﬁ‘)@‘@%mﬁtﬂp meh form
the fine particles of organic polymer. If tin oxide or the like ich has

el ectron 5‘%28%"3# isigigg/e())/bé inSf qftuitP s%ﬁ'utld?@r%&g%@%@ﬂé‘”%ﬂ&ﬂc&ﬂ%ﬁ?&%ﬁm s

high, i.e mass or nore, electron onductivity nay

present. weve eri al £ ipnorgani c. compounds ot.her than . this hardly
ave &) ecPRUEs e oty iRl PRBGHE s TR len arl YO 6N Evon
if the organic polyner is any one of a polyam de, pol yurethane, and

pol yur ea, Strangyacidhsalitions ig|véueh bridioshlatie peid: sylfuririadidendantricoacil idisstlve an be
preferably used as an 5 electrolyte for batteries or a separator for an

el ectri c chmubg vsddaasean elagtadjtiosolufiiedi Alsof whem theeloaotondudtendt tie plesept ay
devi ce) The ion conductor of the present invention can be favorably used as

a medi um inverticiNisehsed tas ec hateriab fordirs pleaffodhRiti € appAraris SREK iab iaCbdndary he ion
conductor of the present invention is a material that has excellent ion
conduct i Viiery GhREERNIGML Yayer capacitor, etc., or an electrochemical display apparatus,
10 it hardly deteriorates even if charging and discharging, or coloring and decoloring are
repeated.

The ion conductor of the present invention is characterized in that it can be
used alone. However, binding materials such as a binding agent, a wide variety of
resins, etc. may be included for, among others, the purpose of improving the strength of

15  the ion conductor shaped into a membrane to such a degree that this does not impair any
of the necessary properties.
(Electronically insulating properties)

The ion conductor of the present invention can be used as an electrolyte in

batteries or as a separator of electric double layer capacitors. In this case, as it is

20 necessary for the ion conductor to have electronically insulating properties, it is
preferable that electron-conductive materials are not used in the organic polymer and
the inorganic compound which form the fine particles of organic polymer.

If tin oxide or the like which has electron conductivity is used as an inorganic

compound and the content is high, i.e. about 60% by mass or more, electron



10 insul ating properties, elasticity, and heat resistance and, therefore, it
can be used as a nediumfor an el ectrochem cal display device. A display

. devi-ce with excellent coloring and deggloring properties involved with an
el ectrochem cal reaction (for exanple, excellent contrast ratio, response
speed, etc.) can be produced. The best nerit of a mediumfor a reflective
di spl ay device wherein the ion conductor indicates 15 white by the
reflection of an external |ight .source is.that..it can be conpatjble with
ext ended HRIEEAN maY b Rigsenh HEPWEYRBatrinls 4 ipopEgnit icpRpoRRtS aiherohan e
screen follows anbient brightness; and directional vertical light is not

i nci dent thit hatdhe haye glectngn, candupsivity andathay sentbennsedevitbeuty anyyproblegnst r om

| ight scattering, which is close to the color of white paper, is generated
i s criticBber dithd ¢rgapiopphseerad argemel ofpi podyantids, pobyuréthaiR) afidpolyoereactheguct or
of the present invention can be used as a white nedium having the texture

of paper, hiaho Ghdttldf @RAGEHAREIaRP tie TBLoHIERT @AnPRPBfefi¥ablyCulisR! &y .
devi ce. For exanple, the Japanese Unexam ned Patent Applicafion, Publication

|N3'yﬁr vl g‘%%@?‘ﬁﬁ%ﬁ*gi%ﬁe %P@%f@ﬁ%@i %?%ﬁef%%@ﬁ:%@ﬂéfﬁ? i 2|8eﬁt
oo e el TR ptihetica Aftply RN cal | ont dati oncr tuct | on 1 eacti on:

and an el ectrodeposition display device wherein a |ayer of polyner solid
el ectrol yt e whi Ehe jonctonduetorofihe theesen ipvemignLge he faforably msed ame sl et c.
and a col or-devel opi ng agent of netal ions is placed between 5 el ectrodes.
However, for drhelectrexdthiendcal alispiay depicgneMre spacifind]lysthet oat cantlactot afithy and
texture are quite different from paper. Al so, the white pignent nust be

added in gresdrdl BOeRMAUN a aRirfher thho hedledtdllent! fibh CdoRBhictiviiy! RiceabRIChINg -
However, 1f the white pignment is included in 20% by nmass or nore, it

t t At L . i g ,
aggr egp e&su@?ﬁ%ﬁﬂ%ﬁnﬁhaﬁ%@} ?{r}i geét%sxétgﬁce' é}ﬂ'r gl;e?&ﬂf’e';'% L be 809 as a

f ur t her nor e, econes | nfer

medium for an electrochemical display device. A display device with excellent
coloring and decoloring properties involved with an electrochemical reaction (for
example, excellent contrast ratio, response speed, etc.) can be produced. The best
merit of a medium for a reflective display device wherein the ion conductor indicates

15  white by the reflection of an external light source is that it can be compatible with
extended use because, among other things, it hardly tires the eyes; the screen follows
ambient brightness; and directional vertical light is not incident upon the eyes. How a
natural and soft whiteness resulting from light scattering, which is close to the color of
white paper, is generated is critical for the purpose of developing this merit.

20 The ion conductor of the present invention can be used as a white medium
having the texture of paper, that can be described as a medium for a paper-white display
device. For example, the Japanese Unexamined Patent Application, Publication No.
H14-258327 describes an electrochromatic display device comprising a layer of

polymer solid electrolytes which includes a white-coloring agent such as titanium oxide,



10 Therefore, it had the problemin which the response speed of display
becane slow so that the activation voltage elevated. By using the fine

. particles of the organic polyner in thesformof fibers, the ion conductor
of the present invention can be used as a di splay nmedi um whose degree of
whiteness is very high and whose clarity is close to paper. It can al so
provide a 15 reflective el ectrochem cal display device whose clarity and
texture is ite close t paper .. (Mechani sm of white-col oring, by conponent
speci es oP"g‘h!‘@a e yer | f iPPlWrug’éEF“éE gy changes: celog; dsingy agevi ce,
the pol yner of the ion conductor is preferably a polyam de, pol yurethane or
pol yur ea. clstrechesrical jaxidasiopmredustianreaction: andhen chegtrodepositionpdisplay devisee no
conjugated systemin its polynmer chains because, if the degree of whiteness

is high, wereinaheye aftpohgher slidelatrohie whidkinefudes hoshitgedletgRgenhiogh SO
that favorable clarity can be established. For this reason, an aliphatic

pol yam de tjtanh YoXi €,.44N v, e fgr sused. p el ar, an
ion condug’}or mdk{l(ﬂée’t?‘gran@o? %(Pirhdggtgﬁaﬁlgsae&glggga@gﬂ%géalﬁsgzglhgﬁdmﬁf@r&#o paper

and whpse capacity.to be inmpregnated wt.h an electrolyti | ution i hi gh
can beb onelernateyy Hitele o HiE B a il PleRal St el Hlaflant o o
formof fibers whose breadth is 20 maor | ess and whose aspect ratio is 10
or more i fexiwe ¢ quite diffarent N papeh 48P e hiicepigrgnt AWst beaddadsi 2he i on
conductor has random5 mcro-irregularities and gaps filled with the

el ect r ol ylarge swiount ¢m apderi tos obtaif auicent whites¢adering. ndilaieenter,| ifgthe wbittters in
every direction at the interface between the inpregnating electrolytic

sol ution afndnbes Meluded £ 30%f byt MAssPsH MO it dBefeaktes, dodi doeb hocori@bitamy sm of

white-coloring simlar to paper and whiteness close to paper can be
establ i shegh btk S coRhulAsh,! in®’ FirtleRibie, UhEdidd ARG MY AbecdBles! MELHS NT @
10  Therefore, it had the problem in which the response speed of display became slow so
that the activation voltage elevated.
By using the fine particles of the organic polymer in the form of fibers, the ion
conductor of the present invention can be used as a display medium whose degree of
whiteness is very high and whose clarity is close to paper. It can also provide a
156  reflective electrochemical display device whose clarity and texture is quite close to
paper.
(Mechanism of white-coloring by component species of organic polymer)
If it is used as a medium for a display device, the polymer of the ion conductor
is preferably a polyamide, polyurethane or polyurea. Moreover, it is preferable that the
20  organic polymer have no conjugated system in its polymer chains because, if the degree
of whiteness is high, then, the contrast ratio at the time of coloring becomes high so that
favorable clarity can be established. For this reason, an aliphatic polyamide,

polyurethane and polyurea are preferably used.

In particular, an ion conductor in the form of a sheet whose appearance is



10 col or-devel opi ng agent whi ch changes col or by an el ectrochem cal

oxi dation-reduction reaction in the electrolytic solution inpregnated into
. the.fine particles of the organic polyger at this tine, displaying by the
use of the color-devel opi ng agent on a paper-like background can be done.
In particular, the ion conductor of the present invention can be preferably
used as a nediumfor an el ectrochem cal display device by using a 15

col or-devel opi ng agent which reversibly changes color by an el ectrochemi cal
oxi dat i onsmegqém iPaperrand o¥hasa capavity Haiesimposgnateidt witls en sldactrglybiy sohtiogdsi c
species) The ultra-fine particles of the inorganic conmpound which present

t r anspar ehighaman bshotitsined by rdisparsing thef fivicapdriicles efl ofganitapeiymarl i ibreh ofir e
included in the fine particles of 20 the organic polymer because they can

enhance thBerQ%c%@ B}Eadﬁf‘ﬂ'lﬁ QOe&Iﬁ &f lefs@(ﬁn&j'vﬂﬂs@%sﬁ%@'r&{m i 30 Bt A such

materials, silica, alum num oxide, zirconium oxide, zinc oxide, tin oxide,
etc. can TAN)le n t|n OXIde can
be nade |Qg‘ftgg%%(r§$nﬁg?n %%ﬁ t%Meépar éaug (t)seemélv(g&r(néi&gtoga nﬁl anet er

is 100 nmto 500 qn1|n t he |on ﬁ? ctor of t he @.esent |nvent|on t hey
can ccht r THETPETEGH Yk grrsniflpd (v thn theepleeol Bhig Splutien Qi jty surtages and ¢ pey
can sinul taneously develop a high degree of whiteness by suitably

scat t er i nipsideghincidentndight tseattess gimiavepoldisetion oat thee interfacurisitwigen the

el ectrolytic solution because the index of refraction is large in that it is

2 or noreimpregantingela@tobrichdhdion andt the phitittespeTthe pbBanedf Bb®wuey giaisca pol yner
obtai ned by the above-described process for synthesizing fine particles of

organi ¢ PgleyRERism \YrakKitddediBng sHANARI FapeP He Ukl tenBssS EIbLE %o %p&' U pym
oxide, it has been found by tTansm ssion electron nicroscopy (TEM

observati on, i@ty t Bes ULddid 1198 RGLL) %?se&’f& Lganig, 69 ’Pn nd, are
Sl | 56 ot i

very fine'in e particle diane 'S a Am an W of the

10  color-developing agent which changes color by an electrochemical oxidation-reduction
reaction in the electrolytic solution impregnated into the fine particles of the organic
polymer at this time, displaying by the use of the color-developing agent on a paper-like
background can be done. In particular, the ion conductor of the present invention can
be preferably used as a medium for an electrochemical display device by using a

15  color-developing agent which reversibly changes color by an electrochemical
oxidation-reduction reaction.

(Mechanism of white-coloring by inorganic species)
The ultra-fine particles of the inorganic compound which present transparent or
white color, are preferably used as materials which are included in the fine particles of

20  the organic polymer because they can enhance the degree of whiteness of the display
medium. As examples of such materials, silica, aluminum oxide, zirconium oxide,
zinc oxide, tin oxide, etc. can be mentioned.

Because zirconium oxide, zinc oxide and tin oxide can be made in the form of

ultra-fine particles whose average particle diameter is 100 nm to 500 nm in the ion



10 ultra-fine particles of the inorganic conpound can form a network
structure. In this case, if the size of the entire network fornmed by the
.ultra-fine particles of the inorganic ggonpound becones equal to or |arger
than the wavel ength of visible light, the scattering of visible Iight
occurs with high frequency at a very broad interface of the fine particles
of the organic polyner, and a very hi gh degree of whiteness can be inparted
to the fine 15 particles of the_organic polynmer. Therefore, these are

pr ef er abl ondugtgr qiethec presentt inyventign, they, cap ofOTiribte plog ympregration mjthaagdi ng a
col or-devel opi ng agent whi ch changes color due to an el ectrochem cal

oxi dat i oneleesthlpti¢ crelutwact i Alsot dheyhear| Somitehsously devalep an higle ddegreet b€ i on
conductor of the present invention, the ion conductor can be used as a

nedi um f owhBent@s BY Spitdily dQitictifg lighebaatal thdet AP pogmReeHt theBMrbendihd her an
organi ¢ conpound or netal compound. (Organic conpound-based

col or - devaF&Pdlglgc &A610n bedTudetthl ﬁﬂle)éggfgegﬂ%ﬁén f%flﬁngé gx?ﬁigﬁt SOMBPYRAS used as

col or - devel opi agents, qui none- conpounds and l'euco dyes can be

o0 el or - dovel OB OCEBtRIL 8 i FACcISh DD R, Boler S6iined by the

2- met hyl ant hr aqui none, 2-net hyl ant hraqui none, tert-butyl ant hraqui none;
pur pl e- cotbgvedlesaibsdinseresnias sunhiesizing Aing Pagidsparintganie pelager.ihasein the

1, 5-di chl or oant hr aqui none; vyel | ow col or-devel opi ng conpounds such as 5
ant hr aqui morgani- surhpnmideis sjlie@eor slolmnumexxadeppt hgs beanpfound sbys tratsnzission
benzant hraqui none; and the |ike or organic quinones that are derivatives

t her eof . glI&tﬁﬁﬁnﬁéI@@dﬂﬁ? (EMP bBrafionr et gaadidel gurticles 6O/t imdganic
characteristic of eac conmpound by applying driving voltage on el ectrodes.

351 R U SR e B 0 R BNl
10  ultra-fine particles of the inorganic compound can form a network structure. In this
case, if the size of the entire network formed by the ultra-fine particles of the inorganic
compound becomes equal to or larger than the wavelength of visible light, the scattering
of visible light occurs with high frequency at a very broad interface of the fine particles
of the organic polymer, and a very high degree of whiteness can be imparted to the fine
15  particles of the organic polymer. Therefore, these are preferably used.
(Electrolytic solutions for a display device)

By adding a color-developing agent which changes color due to an
electrochemical oxidation-reduction reaction to the electrolytic solution used in the ion
conductor of the present invention, the ion conductor can be used as a medium for a

20 display device. The color-developing agent may be either an organic compound or
metal compound.
(Organic compound-based color-developing agent)

As typical examples of organic compounds used as color-developing agents,

quinone-based compounds and leuco dyes can be mentioned. Examples of



10 blue |l euco dyes such as

3, 3- bi s(4-di net hyl - am nophenyl ) - 6- di net hyl am nopht halide, etc.; red |euco
. dyes such as 9-di et hyl am nobenzof | uor agee, etc;

3-cycl ohexyl am no- 6- chl or of | uorane (orange),

3-di et hyl am no-7, 8- benzof | uorane (pink), and

2-ani | i no- 6-di et hyl am nof | uorane (green). However, the col or-devel opi ng

agent used.in the present invention s npt ~ 15 lim,ted to these conounds.
(ot al " coRiBHCPeE cCPaRAUgHS e BRdRy TBGEAIOTSPYCIPRING EAIPAURE SHERaRS | ons

deposit and devel op a color on electrodes if they are chemcally reduced in
an el ect r ¥ithmgeinens, A-msthylmtragrinene f2-ethylanthsagiingng tericbytylantheaquinoneons such
as silver, bisnuth, capper, iron, chromum nickel, etc. These are 20

i oni zed bpurplessbirwenglopaig desconsouhids es, swhl f atass, niiliydadeyanthesduinagenat es,
etc. of these netals in an electrolytic solution and the electrolytic

sol ution r3MidioreaRAradfindne,CO! 9EHERNBIRRIVE 0BRGN - c&rﬁﬁo&ﬂ@@' Schi T a0
el ectrolytic solution wherein a silver conpound is dissolved is used, a

reductd on 1.on. of et €5 = > Al O at a h whep .t he driving
vol tag;'sle iasflrﬂgl%gllhlhg% gﬁuég%tgtrod Sein lo Elé%slﬁ?lﬁgce 85’%?1'%@8 el%(lalcétirodgs changes

to bl ack because of the d sit of Ag. Wth.regard to the. above-descri bed
metal , bi HmQP‘i’;véIi‘CF ﬁﬁ% li’fﬁrgr 04T Ayfnen thae dyatipess thegeol. 5| nost

transparent when dissolved in an electrolytic solution and, furthernore, the
col ors ofThase ergpuisi quingnes gergrateandcenddlion rody eelering echamgtarisbe sofofeadol or i ng
and decoloring 5 are favorable. Also, these netal ions nmay be used al one or

as a m xteomepomhd thwoapplyingairwing/¥dltage egacldettaiet.heAlse! etangrlepofiledso digech can
be sources of netal ions, exanples of silver compounds can include silver

per chl or aa@, indlulle \bedckCIRLEY 8)& sih! 587 -an@s b ali@hyl8minees - MM dtand idhd/er
i odate, silver carbonate, silver oxide, silver sulfate, silver
10  blue leuco dyes such as 3,3-bis(4-dimethyl-aminophenyl)-6-dimethylaminophthalide,
etc.; red leuco dves such as 9-diethylaminobenzofluorane, etc;
3-cyclohexylamino-6-chlorofluorane {orange), 3-diethylamino-7,8-benzofluorane (pink),
and 2-anilino-6-diethylaminofluorane (green).
However, the color-developing agent used in the present invention is not
15  limited to these comounds.
(Metal compound-based color-developing agent)

It is known that metal ions deposit and develop a color on electrodes if they are
chemically reduced in an electrolytic solution. Examples of such metal ions can
include ions such as silver, bismuth, capper, iron, chromium, nickel, etc. These are

20 ionized by dissolving halides, sulfites, sulfates, nitrate, perhalogenates, etc. of these
metals in an electrolytic solution and the electrolytic solution can be used as a
color-developing agent. For example, if an electrolytic solution wherein a silver

compound is dissolved is used, a reduction reaction of Ag* + e — Ag occurs at a

cathode when the driving voltage i1s applied on electrodes and the surface of the



10 sulfide, silver nitrate, silver nitrite, etc. in addition to silver
hal i des (silver chloride, silver bromde, silver iodide, etc.). Also,

. exanpl es of bismuth conmpounds can inclggle bisnmuth oxide, bisnuth hydroxide,
bi snmut h oxychl ori de, bisnmuth oxyperchlorate, bisnuth oxysulfate, bisnmuth
sul fate, bisnmuth sulfide, bisnuth nitrate, bisnmuth phosphate, etc. in
addition to bisnmuth halides (bismuth chloride, bismuth bromde, etc.). 15
When t he ove co%g&inq—decoloring coppounds are used, it is necessary to

C e%

sel ect a @gwm Qublagk theqaise| el the depesit of t A8t ¢ WHh g Ebiths i ng

agent as the best materials. In the ion conductor of the present invention,
t he i ndexalsfverdsferthetimetalobisnnuh and glvérare mopenpreferablysusgt | bgcausp thest arg el y
1.5, but the degree of whiteness derived from light-scattering becones

| ar ger byaldfist @rafspacdn® ovliedl HisbalvadD linitanoglestivdyttd Bolirtien dinflf GurthieeBor20 tixet ween
the index of refraction thereof and the index of refraction of the organic

pol ymer i §,1bR#%he J{ygﬁts‘; e ep, ARG tl"i’eixgliﬁajsﬁﬁ'e & .&fyo%g%gipg%ﬁg ‘Elgg{l{)’%ﬁr’ﬁ and

texture close to that of paper can be produced. Ther whose

d f j on i ferably 1. 40 or | d ferably 1.38
or 1 o e ekl ) oisE SO iohn Malop bineCiBe, ta X B O R

nitriles (acetonitrile, propyonitrile, etc.); alcohols 29 (nethanol,

et hanol , P9t hoxyet hanol, 2-net hoxymet hanol, isopropyl al cohol, etc.); alkyl
acetates (ethyl acetate, isopropyl acetate, etc.); and m xtures thereof can
be nentioned. Mlithosegard foothet metabnoppoundst whinbr can hg sohrses ef enetabidnst y of
col oring-decoloring, additives such as an oxidation-reduction accelerator,

buf f er maéampléss of pitverdjorgioanhds ghosikclude dbeniperchlarate/reiivhe chiseste, siWweh regard
to the nmethod for producing a nediumfor a display device of the present

i nvent i ONyeefile A9 brbniafe, ST GoMHE QL UatiihaR) SilVer TRYIL S SRR Stver _
beforehand 1n the electrolytic solution used Iin the process of 1npregnating

LN B SRR AV BiegROlLLOMCARY o BU8KAGH B S nRRY G calotEP® 1O
silver bromide, silver iodide, etc.). Also, examples of bismuth compounds can include
bismuth oxide, bismuth hydroxide, bismuth oxychloride, bismuth oxyperchlorate,
bismuth oxysulfate, bismuth sulfate, bismuth sulfide, bismuth nitrate, bismuth
phosphate, etc. in addition to bismuth halides (bismuth chloride, bismuth bromide, ete.).

15 When the above coloring-decoloring compounds are used, it is necessary to
select a solvent and a supporting clectrolyte suitable for each coloring agent as the best
materials. In the ion conductor of the present invention, the index of refraction of the
organic polymer is usually approximately 1.5, but the degree of whiteness derived from
light-scattering becomes larger by using an electrolytic solution wherein the difference

20  between the index of refraction thercof and the index of refraction of the organic
polymer is large. This is so that a display medium which has clarity and texture close
to that of paper can be produced. Therefore, a solvent whose degree of refraction is

preferably 1.40 or less, and more preferably 1.38 or less is used. As examples of such

solvents, in addition to water, nitriles (acetonitrile, propyonitrile, etc.); alcohols



10 the ion conductor is the sane as the aforenenti oned enbodi nents. (D splay
devi ce) An el ectrochem cal display device can be produced fromtwo el ectrode
. plat-es, the ion conductor of the presegt invention placed between the two
pl ates, and materials which can reversibly change color by an

el ectrochem cal oxidation-reduction reaction 15 caused fromion conduction
in the ion conductor. As display devices wherein the ion conductor of the
present inventiogn is used t wo systens can be nentioned. The

el ect r ochBnetbanolgthanoh2-eboxyethagpl, 2hmetprgnethgugl dseprppylatealiol etk alkdhi cal

di spl ay device wherein the materials which reversibly change color by an

el ect r ochegatased (ethyl dectatesisoprdpd tacetater etag) andmixtures theteofleah beumemtgonedn 20
conductor. The configuration of this el ectrochenm cal device is shown in

Figure 1. AssuwibRgvéfir thdpurpoRest ifipetsisy theirgkbrability 6f lSkige@dtoringhe
di splay, | represents the ion conductor of the present invention (an

el ectrol yth€::50l Lt E 0 : L I+ St I D 2
Fepr csant SIGITE Mt B0af BRUAMAL RGAGOIBHERGLOBRR: md S FH AIGNE, Bss O ¢
30 tra,gsparent el ectrode.of 1 TO etc.; 4 represents a counter electrode; 5
repr esent 8800 S MY R YSEdi um and 6 represents a counter substrate. The

el ectrochem cal _di spl ay device of the second systemis an el ectrochem cal

di spl ay devi ce Wity@esrditpdheymethod fpspigdieing pavedivmnypr a displyedeyinesi thy an 5
el ectrochem cal oxidation-reduction reaction forma col or-devel opi ng | ayer
set on t hpresgitatemtioh, a1l erganioce snorganit bolering sgentimay be dissduvead befosehfnd t he

el ectrolytic solution inpregnated into the 1ion conductor to include the

mat eri al sinviheC Eleéte$tiS sBilupor 3D &n G ?focbs’s 8 impllefAAtIN@CWRAT klectrolytic
oxi dation-reduction reaction. The configuration of this
solution for producing the ion conductor. Except for this difference, the production of
10  the ion conductor is the same as the aforementioned embodiments.
(Display device)

An electrochemical display device can be produced from two electrode plates,
the ion conductor of the present invention placed between the two plates, and materials
which can reversibly change color by an electrochemical oxidation-reduction reaction

15  caused from ion conduction in the ion conductor.

As display devices wherein the ion conductor of the present invention is used,
two systems can be mentioned. The electrochemical display device of the first system
is an electrochemical display device wherein the materials which reversibly change
color by an electrochemical oxidation-reduction reaction are included in the ion

20  conductor.

The configuration of this electrochemical device is shown in Figure 1.

Assuming that the upper side of Figure 1 is a screen of the display, 1 represents the ion

conductor of the present invention (an electrolytic solution containing a coloring agent

is used therein); 2 represents a transparent substrate of glass, plastics, etc.; 3 represents a



10 el ectrochem cal device is shown in Figure 2. Assum ng that the upper side

of Figure 2 is a screen of the display, 2 represents a transparent

. substrate of glass, plastics, etc.; 3 ggepresents a transparent el ectrode of
| TO, etc.; 4 represents a counter electrode; 5 represents a sealing medium

6 represents a counter substrate; 7 represents a color-devel oping |ayer

whi ch changes color by an el ectrochem cal oxidation-reduction 15 reaction;
and 8 represents ap i on cqnductor %an el ectrolytic solutjon containing no
col or - devEisprisgt stpekpds of JdB4 sihe Fefeptesents o couHereFlectofs: o) &RIUPSSHE Bl at e
used in the present invention which is |ocated on the side of the screen
needs to $ealing medpum;cantl 6 roprescndsipamtarfsubstende.r ode pl ates, those formed on
t he substrates by shaping I TO (indiumtin oxide), ATO (antinony-doped tin

oxi de), TO (tiThoxecte)cheriRal dispray @ewide of theZ$dchhd s steih 29 dicelodtrstgmidal O

20

(fluorine-doped tin oxide), etc. (which are widely used at present) can be

ent | onedlishfayCUSfice | ivhbi O it NGARAS FevertBly {nGOUBYEE 6] oA TOde 1O

be transpar erefore, electroc st abl’e net uch -as

Car bort metEnraheial S pERTeuoh FRal CHRLR coloaRBrRPre T ol o

material used in the present invention is not particularly limted as |ong

as the supPlpieefelecedeSimterials used on the screen is snooth; its

transmssibility 5 of light is high; and the above-described el ectrode can

be set on the shitbisrase instwmeadssarFdor the aiqetrelytia splutiohiimpedgeated dito the

pol yet hyl ene terephthal ate, polyester, polycarbonate, etc., a glass board,

and the |joke ceaduch® M@ NincRidedthel MndtBigals avhichl réveesiblybshdree coRE €by ahn Used
on the side opposite to the screen, its transmssibility of Iight does not
need t0 bgeltdRemidaPeal idioRRSMEHbn  reaction. The configuration of this
10  electrochemical device is shown in Figure 2. Assuming that the upper side of Figure 2
is a screen of the display, 2 represents a transparent substrate of glass, plastics, etc.; 3
represents a transparent electrode of ITO, etc.; 4 represents a counter electrode; 5
represents a sealing medium; 6 represents a counter substrate; 7 represents a
color-developing layer which changes color by an electrochemical oxidation-reduction
15 reaction; and 8 represents an ion conductor (an electrolytic solution containing no
color-developing agent is used therein).
(Electrode)
The electrode plate used in the present invention which is located on the side of
the screen needs to be transparent. As examples of electrode plates, those formed on
20 the substrates by shaping ITO (indium tin oxide), ATO (antimony-doped tin oxide), TO
(tin oxide), ZO (zinc oxide), IZO (indium zinc oxide), FTO (fluorine-doped tin oxide),
etc. (which are widely used at present) can be mentioned. However, it is not always

necessary for the counter electrode to be transparent. Therefore, electrochemically

stable metals such as platinum, gold, silver, copper, bismuth, cobalt, palladium, etc. and



10 The sealing medium5 is used in order to prevent penetration of water,
oxygen, or carbon dioxide present in the air into the nmedium11 for the

. el ectrochem cal display device in addigjion to maintaining a gap between

el ectrodes and, for exanple, resins (an epoxy resin and acryl resin, etc.)
and the |ike which can be hardened by heat, ultraviolet radiation, etc. and
have a gas-barrier property can be nentioned. 15 (Col or-devel opi ng | ayer
whi ch changes col or by an el ectrochem cal oxidation or reduction reaction)
As shown F#ben gatesials canthe aljosusedt i nvention can al so provide a displ ay
device wherein a col or-devel opi ng-1ayer which changes col or by an

el ect r ochulsthteaxatet#tl) on  or reduction reaction is placed in contact with
an el ectrode. Such a col or-devel oping 20 | ayer can be nade by using organic

conpounds and NEh@kuksaaROMAEHal Wied 8% I pREent FveREidA T RotHMRAULIHSlGREPT | Si ng
t he col or-devel oping | ayer, polynmer materials such as polypyrrole,

pol yani | i 10612%'5?{%%}#%8 of R %5{&@9&*1&9& gn gl?éa%c{r%olls%gmgﬁi' X ?lragglﬁlgélggtgﬁ be

can be nenti pol'ypyrrole I's pre y used because

the precipjtate .is deep and the reversible reagction of col oring an

decol of | ng lighids bighy @Rt tegtoye-dEscribsd slesipiie. e be st SEOUBIRIDHATS.

conpri si ng the col or-devel oping |ayer, W3, MO03, V205, Nb2C, Ti2, N Q
Cr208, Mhbor exaowle, jarmdesticshect of palysthylanatt¢replathialaten polyester, pglyeashgnate; efcs
necessary for the col or-devel oping | ayer, wherein the coloring and

decol or i ng ghisk boardcand, the tikb earf b¢ medtiaredt hén theavaspeaf the sulsstraetmateldal uskd ch i s
one of the 5 electrodes on the substrate. When organi c conpounds are used as

the col opn dvedOsipdsite AKBE scried] B MARRIsObili) 8f |ight@loe £ At fREd fRkehigh t he

transparent electrode by electrolytically or chémcally pol ynerizing
nononer "?ée 111%%% fu?xﬁ) the above-described pol ynmer conpounds. When the netal
conpoundsare seg, he nmenbrane can be made by usi ng known net hods such as

vacuug deposi ti The seré'ﬁﬁag ?r(ljed?lim 5 is used in order to prevent penetration of water, oxygen,
or carbon dioxide present in the air into the medium 1 for the electrochemical display
device in addition to maintaining a gap between electrodes and, for example, resins {(an
epoxy resin and acryl resin, etc.) and the like which can be hardened by heat, ultraviolet
radiation, etc. and have a gas-barrier property can be mentioned.
16  (Color-developing layer which changes color by an electrochemical oxidation or
reduction reaction)

As shown in Figure 2, the present invention can also provide a display device
wherein a color-developing-layer which changes color by an electrochemical oxidation
or reduction reaction is placed in contact with an electrode. Such a color-developing

20 layer can be made by using organic compounds and metal compounds. As examples
of organic compounds comprising the color-developing layer, polymer materials such as
polypyrrole, polyaniline, polyazuiene, polythiophene, polyindole, polycarbazole, etc.
can be mentioned, but polypyrrole is preferably used because the color of the precipitate

is deep and the reversible reaction of coloring and decoloring is excellent. Also, as



10 el ectron beam vacuum deposition, sputtering nethod, etc. Al so, a display
device that is the sane as Figure 2 can be produced by coating the
-transparent electrode with a coating I3juid or gel-like product, wherein the
above-nenti oned organi c or inorganic color-devel oping materials are m xed
into binding resins with a supporting electrolyte and solvent. In this
case, the 15 col or-devel oping | ayer can be placed by using a coating nethod,

spin coating, ,etg.. El.ectrochem cal device) In th resent invention, an

P ect r ocHEARLE T ingae GapPOu B eSS Eelar b Taing et WhieMothnp: §
nmodul e, a circuit nodul e and, according to necessity, a sealing _layer, a
case, or YH5 INOs JiQnNig), GrQy Malk2c EoOn k. icks- cag beementigned. ot so, use
of the ion conductor of the present invention is not limted to a display
devi ce amystem,ciinisbeeagssady dfar tthil oplarsleseclopingr lagkr, f whereine ther @olveincaid devi ces
such as a secondary battery, an electric double |ayer capacitor, a solar

battery, &alotng willkéecubX8 MR BIméd ohlehe tfndfaRint eldtfolé, 85EICh ié BYERE RN 1S
further denonstrated by using exanples. The term "part" represents "part by

Mass. 5“”'&@@0%5’?“ 6fl ‘?ﬁé‘eél}(ﬂsﬁgre SYRERES! 3y, E”pé_o%pn]quﬁds( .5%:@ 'If‘sﬁ%san fe e
particles of organic polyner) {organic pdl ymer: polyam de, and i norganic
conpound: siljc 1.5i3 Qarts of 1, 6- dt:haﬁi nohexane and 9. 18 parts of water
gl ass #3 SYexglopme fayen 2 megubrage of the %%%geom 8P e hZansPaRERt
stirred for fifteen mnutes at 25C and a_uniform and transparent aqueous
sol ut i on qleptrogdashyoplegirolyticaliphpr chemnisally polmperiangraronemer imaterials dor ehe
(produced by GCsterizer Conpany) at roomtenperature, and an organic

sol ut i on dbéye rdbsribed phiviferpaotpomidsadiVgbet tloh Inoetald eompeenddi ars obisedd then 44. 4
parts

membrane can be made by using known methods such as vacuum deposition, method of
10  electron beam vacuum deposition, sputtering method, etc.

Also, a display device that is the same as Figure 2 can be produced by coating
the transparent electrode with a coating liquid or gel-like product, wherein the
above-mentioned organic or inorganic color-developing materials are mixed into
binding resins with a supporting electrolyte and solvent. In this case, the

15  color-developing layer can be placed by using a coating method, spin coating, etc.
(Electrochemical device)

In the present invention, an electrochemical display device can be produced by
adding a power supply module, a circuit module and, according to necessity, a sealing
layer, a case, or the like to the display device shown in Figure 1 or 2.

20 Also, use of the ion conductor of the present invention is not limited to a
display device and it can be used suitably as a material for electrochemical devices such

as a secondary battery, an electric double layer capacitor, a solar battery, and the like.

Examples



of toluene was added dropw se for twenty seconds while m xing at 10000
revolutions per mnute. The produced gel-like material was crushed with a
. spatula and further mxed at 10000 reyel utions per mnute for forty
seconds. The fiber-1like product 15 obtained by this procedure was di spersed
in a solution, and the solution was filtered under reduced pressure on a
pi ece of filter paper whose pore size was 4 mby using a Nutsche filter
whose di anet er s, 9 The pr.oduct an .the tsche filter was dispersed
in 100 parts of Pﬁ@{ﬂ%gﬁg}%e PECSFIH dBYtGN ! . %S‘E%{P‘i Lgdlsmgte)qa@p&si rring
this with a stirrer for thirty mnutes and by filtering under reduced

pr essur e. ThotegucpatSrepedsonts {past b massicuihésa gtapadoshetwiss. was carri ed out by
using 100 parts of distilled water and a pure white wet cake (wet cake (1))
of fine particles of organic polyner (silical/polyamde), containing water,
was obtained by filtering under reduced pressure. 34 Synthesis Exanple 2

( Synt hesi gy ffestd Lyicles of organic polyner) (organic polyner:
polyanide)ﬂ%%éLT%%%Q%ﬁrc conmpound: al um num oxi de) A pure white wet cake
(wet ke, 2 f ofel De ticles of organic polynmer 5 (alum num
oxideﬁgol §§§Pf§8ﬁP§$§Fﬁagﬁﬁ?8F}”3 “dbt ai ned by way of the sane
procedures as.in Synphe is_&gan&le 1 except that, .a uniformand transparent
aqueous ©BEAMG PRHIYIEY: PBfﬂaH}‘ ang noseamepmpasmdosilied) of 1, 6- di ami nohexane and
2.26 parts of sodiumalum nate (Na2Q'A1203 nolar ratio=1.13) to 81.1 parts
of i on-exchanget38wpras of hnbtdiynisohexanergnd Hd8 gafty of fwatereghass M3 nueresidded r oom
tenperature was used. 10 Synthesis Exanple 3 (Synthesis of fine particles of
or gani ¢ pwl §Meharts of ion-exchanged water. These were stirred for fifteen minutes at 25°C
and a uniform and transparent aqueous solution (B) was obtained. This solution (B)
10  was put in a blender (produced by Osterizer Company) at room temperature, and an
organic solution (A) wherein 2.49 parts of adipoyl chloride were dissolved in 44.4 parts
of toluene was added dropwise for twenty seconds while mixing at 10000 revolutions
per minute. The produced gel-like material was crushed with a spatula and further
mixed at 10000 revolutions per minute for forty seconds. The fiber-like product
15  obtained by this procedure was dispersed in a solution, and the solution was filtered
under reduced pressure on a piece of filter paper whose pore size was 4 um by using a
Nutsche filter whose diameter was 90 mm. The product on the Nutsche filter was
dispersed in 100 parts of methanol. A process of washing was carried out by stirring
this with a stirrer for thirty minutes and by filtering under reduced pressure.
20  Successively, the same washing procedure was carried out by using 100 parts of
distilled water and a pure white wet cake (wet cake (1)) of fine particles of organic

polymer (silica/polyamide), containing water, was obtained by filtering under reduced

pressure.



(organi c polymer: polyam de, and inorganic conpound: zirconium oxide) A pure
white wet cake (wet cake (3)) of fine particles of organic polyner 15

. (zirconi um oxi de/ pol yam de) contai ni ngapater was obtai ned by way of the sane
procedures as in Synthesis Exanple 1 except that a uniform and transparent
aqueous solution (B) obtained by adding 1.58 parts of 1, 6-di am nohexane and
3.79 parts of potassium zirconium carbonate (K2[Zr(OH)2(C33)2]) to 38.5

parts of 'bon-; excEangﬁd wat er and by stirring these was used. 20 Synthesis
Exanpl e 4 1 pol yam de contai ni ng no i norgani c conpound) A pale
yel |l ow wet cake (wet cake gﬁl)) of pol yam de, containing water but no

ul t r a- f i ne(Syathepis|of fing pattiglss g argenie ¥ was obtained by way of the sane
procedures 35 as in Synthesis Exanple 1 except that an aqueous sol ution (B)
wher ei n 1(dkBarpapblymef: podyahidenang decoxarde covapoumddaldmimah eaidepf wat er gl ass #3
was used. The obtained fine particles of organic polynmer were anal yzed by

the fol lowing AEKEAFhited welRhRO éifcdl@a@t)rbpﬁn& - imrgﬁﬁ*%@glioﬁ?ﬁ??‘gam C

content (ash content)) Each of the wet caKes of fine partic

pol y i: . ©Ci [ f_&lne ticle
of o%n?@ﬁ%%ﬁgﬁle?}fdeh?g%?&@%é%gg%%ﬁ% éag%ryfvﬁ%r%g%ﬂ?éﬁs\%ﬁ %fghrr{él &le y burnt
of f by baking ,at 600C for three hours, the mass _after baking was neasured
and consi BECEITENES HhSkD ?SI%EHaweleane@f thah 3 ypifare ansl CRRRpRIERGIIUCTR

i norgani ¢ conpound content was cal cul ated by using the follow ng formula.

| nor gani csalatgro (B obvinednby @dding a3 pprts: of es-diapfinehehammend @F26f parts phrticl es
sodium aluminate (Na2Q/A1203 molar ratio=1.13) to 81.1 parts of ion-exchanged water
and by stirring these for fifteen minutes at room temperature was used.
10
Synthesis Example 3
(Synthesis of fine particles of organic polymer)
(organic polymer: polyamide, and inorganic compound: zirconium oxide)
A pure white wet cake (wet cake (3)) of fine particles of organic polymer
15 (zirconium oxide/polyamide) containing water was obtained by way of the same
procedures as in Synthesis Example 1 except that a uniform and transparent aqueous
solution (B) obtained by adding 1.58 parts of 1,6-diaminohexane and 3.79 parts of
potassium zirconium carbonate (K2[Zr(OH)2(CO3)2]) to 38.5 parts of ion-exchanged
water and by stirring these was used.
20
Synthesis Example 4
(Synthesis of polyamide containing no inorganic compound)
A pale yellow wet cake (wet cake (4)) of polyamide, containing water but no

ultra-fine particles of inorganic compound was obtained by way of the same procedures



of organic polyner) x 100 15 (Measurenent of the particle dianeter of
ultra-fine particles of an inorganic conmpound in fine particles of an
.organi c polymer and observati on of the%g di spersion) A thin section of fine
particles of an organic polymer about mm t hi ck was obtained by
heat - pressing the fine particles of the organic polymer for two hours at
170C and 20 MPa/cnR2. An ultra-thin section about 75 nmthick was nmade from
this 20 by using a mcrotone. The obtai ned slice was observed by a

t ransm ssaoin SymbésioBxampler bsxaepe tial Aiviag0e&X, soputtu@dwhsreihEIOLS bards pf |t was
observed that the inorganic conpounds seen as a dark inmage were finely

di sper sedsddiurd hyafoxide g@idded RRIATOF SvateTighids €3 Jvak QRIgesent s an i nmage by the
transm ssion el ectron mcroscope of fine particles of the organic polyner

par i o 6 of -t hits RUFReREAL paldlfes iSRRI p et SR i PR B BOHIRKE:

aver age val ye was considered as the average particle dianmeter. In the fine
parti cl esmGﬂ"ofiFre organi c polyner (silical/polyamde), it was observed that
silica, which was found to be sphere-shaped and 5 about 10 nmreticul ately
(i.e. 5t hMethad pEmspsming|the inotgsnicecemponad wortknt{ath coméentnel y  di spersed in
polyam de. In the fine particles of the organic polyner (alum num

oxi de/ pol yami deEach df virswebsskey ad fiteaparticlesiofwrpmic golymdri wis vamplerind t o
have a tabular formabout 10 nmstratiformy (i.e., two-dinensionally),

formed a pgddRidpresisely Wafeel 12h¥s of iRGla#ede bflorghfie pBBiiﬁér)fz iR, He drpiic

pol yam de. On the other hand, in the fine 10 particlés of the organic

pol ymer <5J§g§gpkq}g%rﬁ&m%§$ﬁa9?b%§gboef§gg ﬁ?l%g é@@o@%rf‘o'k ﬁlr%;h&ﬁs tﬁéf- B um

oxi de was nm and “was-in I Spersed. reparation of an
| ectrol ytji l.Lution ntainin | or,- | opi nt and. . rtin
el ectroVAS St W SORLAARE BnGiakl e EhPer Gof e St ioiBRR! 1 1
el ectrol y#&f
10 compound). The inorganic compound content was calculated by using the following
formula.

Inorganic compound content (% by mass) = (mass of ash/mass of fine particles

of organic polymer) x 100

15  (Measurement of the particle diameter of ultra-fine particles of an inorganic compound
in fine particles of an organic polymer and observation of their dispersion)

A thin section of fine particles of an organic polymer about 1 mm thick was
obtained by heat-pressing the fine particles of the organic polymer for two hours at
170°C and 20 MPa/cm?.  An ultra-thin section about 75 nm thick was made from this

20 by using a microtome. The obtained slice was observed by a transmission electron
microscope (JEM-200CX, produced by JEOL Ltd.). It was observed that the
inorganic compounds seen as a dark image were finely dispersed in bright organic
polymers. Figure 3 represents an image by the transmission electron microscope of

fine particles of the organic polymer (silica/polyamide).



15 An aqueous electrolytic solution and an organic el ectrolytic solution
were prepared by the follow ng nethods. Preparation Exanple 1. agueous
-electrolytic solution (col or-devel opi nge agent: bi smuth) An electrolytic
solution (1) conprising 20.0 g of water as a solvent, 0.54 g of bismuth
oxyperchl orate as a col or-devel opi ng agent, 0.42 g of a 60% by mass sol ution
20 of perchloric acid as a supporting electrolyte and 0.28 g of hydroqui none
as a reduction-accelerating agent was prepared. This electrolytic solution
was transpar entNextndheabrdadthm awirk @igthse af lonef hindeedc patiolee nifs theamorganjsl et el y

di ssolved in water. The refraction index of water was 1.33 at room

t enper at Ugginpotind RreRahédsutsd imd Heireardhmetig aRt@ge Vakier Wy borbidesddud €
(col or-devel opi ng agent: silver) An electrolytic solution (2) conprising

20.0 g Ofay%g%%ggja}ﬂéléedpa?nd@efm vignt eOﬁK%i prt esSidfV &he bg&%ﬂe ;}g’?ytrﬁ?fg

col or-devel agent an 30 g of lit m brom de as sup

el ectrolyte. was, prepared. This electrolytic.solutio s transparent, and 5
it T or m WaicBBRBERAS v EVtnpt Rt Eeaat et ondl e i whRRR Ak
acetonitrile. The refraction index of acetonitrile was 1.34 at room

t enperfat ubout i) g reticulatgdy (i-e.1 three-dimansionolly), ferred (@ petyprkapnrbwas finglynt hesi s
Exanple 1 was dispersed 10 in 100 g of ultra-pure water, a treatnent of
washi ng wdispersedr iregolyamidey rlapdmt fing partidléd DE rthe grganse eebmen d@tumiedmc ed
pressure three tinmes and about 10 g of the wet cake containing ultra-pure

wat er wasexalé/polpadides it G¥ast dierRs Shafalifmuabbride e hiwht wadksund (Weiave@ss) was
nmeasured, it was dried at 150C for two hours and the nmass (dry nass) was

nmeasur ed. [ ' t;: f lues b

. tablar gt 1 & Hﬁ'ﬁ-@g Leg,ea ! Crftwdik y
using 15 atlfl]1le fﬁr‘: %v(\)ng{ngg?‘(ﬁ rrﬁzﬁa. t(f o’ g? séﬁ%&ﬁ%}%)eﬁ}mf%&by ngss = (dry
mass / V\B\Evasnﬁﬁgl} di(sp%r%gd in fine particles of the polyamide. On the other hand, in the fine
10  particles of the organic polymer (zirconium oxide/polyamide), each of the particles of

zirconium oxide was about 150 nm and was independently dispersed.

(Preparation of an electrolytic solution containing a color-developing agent and
supporting electrolyte)
15 An aqueous electrolytic solution and an organic electrolytic solution were
prepared by the following methods.
Preparation Example 1: aqueous electrolytic solution {color-developing agent: bismuth)
An electrolytic solution (1) comprising 20.0 g of water as a solvent, 0.54 g of
bismuth oxyperchlorate as a color-developing agent, 0.42 g of a 60% by mass solution
20 of perchloric acid as a supporting electrolyte and 0.28 g of hydroquinone as a
reduction-accelerating agent was prepared. This electrolytic solution was transparent
and uniform wherein each of the components was completely dissolved in water. The

refraction index of water was 1.33 at room temperature.



After an anount of the wet cake, whose solid content was estimated at 0.3 g
20 based on this ratio of slid content, was stirred for ten m nutes at room
.temperature in the aqueous el ectrolytigysolution (1) prepared in Preparation
Exanple 1 and dispersed therein, an ion conductor (la) of the present

i nvention about 700 mthick containing the aqueous electrolytic solution
was produced by filtering on a piece of 4 gmfilter paper for five m nutes
under reduced pressure of 0.02 MPa. 38 Exanple 2 An ion conductor (2a) of
the presebepaationExamplel rﬁaawd%fdrcwlwwt@p (eqlar-devgippingagedt sH¥en n Exanpl e
1 except that the wet cake (2) obtained in Synthesis 5 Exanple 2 was used

i nstead of the Mtelecttklytic Splutisad2) coniprising 20.0 g dbaaetohirile adra sodvent.dhdluct or
(3a) of the present invention was produced by way of the same nethod as in

Exanpl e lgexcsipbr bivatidé e angilocgd«eldping 8&infiang @300 ¢ HATithRen Sromide RSaPl € 3
was used 1 nstead of the wet cake (1) used in Exanple 1. Corrparatlve Exanpl e

1 lon con ( t u f

conmpound %&’%"%@%@‘g% @w?f%?& ghelréiélsan%&jﬁet Pﬁgggﬁ#ﬁ%@atﬁp E&? except that
t he cak 4 15 obt.ai eS| S Exa sed ins d of the
wnt cdke ERfore hefcin B8P e OmPAREILS Vi o aMEtes AisH Vecha et ORUEE (1)
wth uItra pure wat er was carried out by way of 20 the sane nethod as in
Exanpl e 1The rrdraghieminder ofpaetanitkide was 1 df sbweBtigmpseratwe. g of acetonitrile and
about 10 g of a wet cake whose liquid content was nostly acetonitrile was

obt ai ned by repeating a process of filtering under reduced pressure three
tinmes.

Example 1

About 10 g of the wet cake (1) obtained in Synthesis Example 1 was dispersed

10  in 100 g of ultra-pure water, a treatment of washing was carried out by repeating a
filtering process under reduced pressure three times and about 10 g of the wet cake
containing ultra-pure water was obtained. After the mass of the obtained wet cake

(wet mass) was measured, it was dried at 150°C for two hours and the mass (dry mass)

was measured. The ratio of solid content was calculated from these values by using

15  the following formula.
Ratio of solid content (% by mass) = (dry mass / wet mass) X 100

After an amount of the wet cake, whose solid content was estimated at 0.3 g

20  based on this ratio of slid content, was stirred for ten minutes at room temperature in the
aqueous electrolytic solution (1) prepared in Preparation Example 1 and dispersed
therein, an ion conductor (1a) of the present invention about 700 pm thick containing

the aqueous electrolytic solution was produced by filtering on a piece of 4 pm filter

paper for five minutes under reduced pressure of 0.02 MPa.



An ion conductor (Ib) of the present invention that was about 700 gmthick
and contained an organic electrolytic solution was produced fromthe wet

- cake by way of 39 the sane method as i88 Exanple 1 except that the

el ectrolytic solution (2) prepared in Preparation Exanple 2, wherein
acetonitrile was used as a solvent, was used instead of an aqueous
electrolytic solution. 5 Exanple 5 An ion conductor (2b) of the present

i nvention was produced by way of the sane nethod as in Exanple 4 except
that the wet cake (2) obtained in Synthesis Exanple 2 was used instead of
the wet cake (1) used in Exanple 4. 10 Exanple 6 An ion conductor (3b) of
t he preseBxample@ntion was produced by way of the same nethod as in Exanpl e
4 except that the wet cake (3) obtained in Synthesis Exanple 3 was used

i nstead of the Artioxakmducigr (Askdf the fresanplisvedtiol vaSorpducatl ibyewkx afiphee 2 An
ion conductor (4b) containing no fine particles of inorganic conpound was

produced QmegetiRid Adeh FARpIEY NOdeps thab th 3! @ké (28X eBRincdhAt SihtBeslet cake
(4) obtained in Synthesis anple 4 was used instead of the wet cake (1)

used i EXAIHRLE o4vae R0 TR ABERRWAIck DR LOM SORAMEROTS (| @) 1o (4) (mass

of cake) were measure an anoun ra-pure water that was fifteen
times as much of each of their nasses of cake was added thereto, and they
were washed by dispersing for thirty mnutes at roomtenperature and
filtered under reduced pressure. This process was repeated three tines, so
that the Exgmpledi ng el ectrolyte, etc. were conpletely renpved 40

An ion conductor (3a) of the present invention was produced by way of the
same method as in Example 1 except that the wet cake (3) obtained in Synthesis

10  Example 3 was used instead of the wet cake (1) used in Example 1.

Comparative Example 1

Ion conductor (4a) containing no ultra-fine particles of inorganic compound
was produced by way of the same method as in Example 1 except that the wet cake (4)
15  obtained in Synthesis Example 4 was used instead of the wet cake (1) used in Example

1.

Example 4

After washing the wet cake (1) with ultra-pure water was carried out by way of

20  the same method as in Example 1, the obtained wet cake was dispersed in 100 g of
acetonitrile and about 10 g of a wet cake whose liquid content was mostly acetonitrile

was obtained by repeating a process of filtering under reduced pressure three times.

An ion conductor (1b) of the present invention that was about 700 um thick and

contained an organic electrolytic solution was produced from the wet cake by way of



and a wet cake containing only ultra-pure water was obtained. This wet cake
was dried under reduced pressure at 150C for two hours and the mass (dry
-mass) was neasured. The degree of inpgggnation with the electrolytic
solution (i.e. the amount of electrolytic solution inpregnated) with
respect to the fine particles of the organic 5 polyner was cal cul ated from
t hese val ues by using the fornula below. Also, the ion conductors (lb) to
(4b) were treated by way of the sane procedure of washing with
acet oni t r theesamgnaethied rps”ip fixamplie § exeapt éhatl%ﬁ@gfﬁﬁlﬂl@ﬁowlﬂh (Pnpreparedtin ol yti c
solutions with respect to fine particles of organic polynmer were
cal cul at e@repatatibe dixampid 2, whnra’grmtﬁoniﬁrihiwn wekd as asblvent; vaslused msteadwby nass)
= {(mass of cake - dry mass) / dry mass} x 100 The ionic conductivity of
each i on gRAgMLLSElcirolsEEslatoieasur ed based on the AC inpedance nethod by
using an inpedance analyzer 1260 (produced by Toyo 15 Technica Inc.) and
sanpl e holders for neasuring liquid. The ion conductors were set on a
standard bl ack board and the reflectivity (% (based on a standard white
board)_of _t he 05n conductors in the vertical direction under a
scattedi ng—ﬂpﬁjﬁk source were neasured by using an evaluation systemfor a
di splay device (DWV5-5000, produced by autroni c- MELCHERS). 20 Physi cal
properties of tha ipnmendugten Qbpeof de pmelmlgmv@npmwmdu@dﬂm weH afthe
Synthetic Exanples 1 to 4 are shown in Table 1. The specific surface areas
of fine pantincdteed af ih éExampdadi exqept yiae rthermet ucakd @Y obmnedf iri Senthedis ow ng
net hod are also shown in Table 1. (Measurenent of specific surface area) 41
Each of tEﬁmpkaﬂ@u%a%%hwmemﬁpmt@édﬁmx 10y. drying at 170C for
two hours in hot air dryer, about 0.2 of this dried sanple was placed in
an automatic

10 Example 6

An ion conductor (3b) of the present invention was produced by way of the
same method as in Example 4 except that the wet cake (3) obtained in Synthesis

Example 3 was used instead of the wet cake (1) used in Example 4.

15 Comparative Example 2

An ion conductor (4b) containing no fine particles of inorganic compound was
produced by way of the same method as in Example 4 except that the wet cake (4)
obtained in Synthesis Example 4 was used instead of the wet cake (1) used in Example
4.

20 The masses of the ion conductors (1a) to (4a) (mass of cake) were measured.
Then, an amount of ultra-pure water that was fifteen times as much of each of their
masses of cake was added thereto, and they were washed by dispersing for thirty
minutes at room temperature and filtered under reduced pressure. This process was

repeated three times, so that the supporting electrolyte, etc. were completely removed



gas absorption neasurenent device (Autosorb 1 C, produced by Yuasa-ionics
conpany), by using nitrogen gas as a gas for absorption, an anount of the
- gas -absorption was 5 neasured in five gpints in the range of 0.05 to 0.3 of
relative pressure (P / P) based on the nethod of neasuring specific surface
area of JI'S zZ8830, and the specific surface area (m/g) of each sanple was
nmeasured by way of the BET nethod fromthe values. Table 1

Synt hesi sSynt hesi sSynt hesi sSynt hesis Exam | e 1Exam | e 2Exam | e 3Exanple 4
Wet cakeVild aawat\weke carlaeng oalke ultrespue Water wanobta@sdp o d hissveteake0nay 02-

| norgani ¢ Cont ent 6040450 (% b nmass) Particle dianeter of inorganic

conpound 1dridtl Goder med \Bpd cpressores atr 1 $0°€ foretwdb2 BdwrS @nd ithe mass (dry mass) was

| nor gani cThr ee- di nensi onal Two- di mensi onal | ndependent

conmpound- fhegdueddsi MhRalepRie Wiéﬁﬁﬁbﬁ vdithethe SldctblyticaohlioRhY.6) halanuaper ti es
of the ion conductors (la) to (4a) inpregnated with the aqueous

el ectrol ytg : | 1) . I n 4.cal t es of

the i on ~ 2hasBREh Stpticn iBbRpRnedfwidl AReE Caf i BETES ofRRIPRICE P

sol ut |5on ;g(ﬁgrmgrr svag le\clz\ﬁlateldnﬁc;rrg btixeeseB\ialueS by using the formula below. Also, the ion
conductors (1b) to (4b) were treated by way of the same procedure of washing with

acetonitrile, and then, their degrees of impregnation with the electrolytic solutions with

respect to fine particles of organic polymer were calculated.

10 Degree of impregnation with electrolytic solution (% by mass) = {(mass of

cake — dry mass) / dry mass} x 100

The ionic conductivity of each ion conductor at 25°C was measured based on
the AC impedance method by using an impedance analyzer 1260 (produced by Toyo

15  Technica Inc.) and sample holders for measuring liquid.

The ion conductors were set on a standard black board and the reflectivity (%)
(based on a standard white board) of the ion conductors in the vertical direction under a
scattering-light source were measured by using an evaluation system for a display
device (DMS-5000, produced by autronic-MELCHERS).

20 Physical properties of the fine particles of the organic polymer obtained in
Synthetic Examples 1 to 4 are shown in Table 1. The specific surface areas of fine
particles of the organic polymer measured by way of the following method are also
shown in Table 1.

{Measurement of specific surface area)



42 Tabl e 2 Exanpl e | Exanpl e 2Exanpl e 3Conparati ve Exanple 1 |1on conductorlon
conduct orl on conductorlon conductor |a(2a)(3a)(4a) |Inorganic Si 02A1203Zr O2-

- Compound Degree of inpregnation w th819/20640250 el ectrolytic solution by
mass) lon conductivityl.6 x 10""1.1 X 10"19.8 X 10.28.9x 104 (S/cm

Refl ectivity of display nmedi un®6929579 Tabl e 3 Exanpl e 4Exanpl e 5Exanpl e
6Conpar ati ve Exanple 2 |Ion conductorlon conductorlon conductorlon conduct or

| b(2b) (3b) (4b) 1 norgani cSi 02A1203Zr 02- Conpound
Each of the obtained wet cakes was completely dried by drying at 170°C for

two hours in a hot air dryer, about 0.2 g of this dried sample was placed in an automatic
gas absorption measurement device (Autosorb 1C, produced by Yuasa-ionics company),
by using nitrogen gas as a gas for absorption, an amount of the gas absorption was
5 measured in five points in the range of 0.05 to 0.3 of relative pressure (P / P,) based on
the method of measuring specific surface area of JIS Z8830, and the specific surface

area (m?g) of each sample was measured by way of the BET method from the values.

10

Table 1
Synthesis Synthesis Synthesis Synthesis
Example | Example 2 Example 3 | Example 4
Wet cake Wet cake Wet cake Wet cake
(D) (2) 3) )
Inorganic Compound Si02 Al203 ZrO2 -
Inorganic Content
(% by mass) 60 40 45 0
Particle diameter of
inorganic compound 10 10 150 -
(num)
Specific sgrface area 123 74 18 <1
(m’/g)
comp(f:llg:l%rsl;ersing Three-dimensional | Two-dimensional Indepe.ndent )
structure network network particle

Physical properties of the ion conductors (1a) to (4a) impregnated with the
aqueous electrolytic solution (1) are shown in Table 2 and physical properties of the ion
conductors (1b) to (4b) impregnated with the organic electrolytic solution (2) are shown

in Table 3.



Degr ee of
conductivity0 x 10"3 2 2 1.2x 10 34x 10-32 x 10-3 (S/cm. ..

| npregnati on wi t h790630610240 el ectrolytic solution by nass)

Ref

| on
| ectivity of

- di spl ay medi un®5909473 5 The ion condysgtors of the present invention can be

i mpregnated with the quite
even if subjected to pressure,
the ion conductors.

On

t
t he ot her

he

hand, an

| arge volunme of the electrolytic solution and
el ectrolytic solution never

| eaked from

anounts of the electrolytic

solution inpregnated into the ion conductors (4a) and (4b) of

i ncl uded
el ectrol
pressure
(I'b) to
el ectrol
pol ymer
wi t hout

Conparative

Exanpl es_Tatdpd 2 wherein the fine particles of the organic polynmer 10
no ultra-fing panphbelies ObxdniyHani Gaxglqﬁpgur dCompaativesis and t he
tic solution |eaked when the 1on|conductors visewpledbjlected to
43 As shown |i lan qaductas {2 Ioagrsgndyctor don eopdustondulen ennductara) to (3a) and
3h) could be indi#8ignatled wiZh 600% hy3#nss lor déde of| t he
yt i c Inopdapie| ons) wi tghy, redpectyi the fipgopart]i cl es of the organic
rresy /e af an aquedus or _organic electdolytic soljution and
a,|e5mg?ﬁME%$ el ectrol ytfic solutions. Al so, gvery ion
impregnation wi
electrolytic solution 810 720 640 250
(% by mass)
lon conductivity | ¢, g1 1.1 x 10° 9.8 x 107 8.9x 10°
(8/cm)
Reflectivity of
display medium 96 92 95 79
(%)
Table 3
Comparative
Example 4 Example 5 Example 6 Example 2
Ton conductor | Ion conductor | Ion conductor | lon conductor
(1b) (2b) (3b) {4b)
Inorganic Si0O2 AlzO3 ZrO2 -
Compound
Degree of
impregnation with
electrolytic solution 790 630 610 240
(% by mass)
fonconductivity | 30x10% | 24x10® | 22x10° | 12x10*
(S/cm)
Reflectivity of
display medium 95 90 94 73
(%)
The ion conductors of the present invention can be impregnated with the quite

10

large volume of the electrolytic solution and even if subjected to pressure, the

electrolytic solution never leaked from the ion conductors.

On the other hand, an

amounts of the electrolytic solution impregnated into the ion conductors (4a) and (4b) of

Comparative Examples 1 and 2 wherein the fine particles of the organic polymer

included no ultra-fine particles of inorganic compound were less and the electrolytic

solution leaked when the ion conductors were subjected to pressure.



5 conductivity indicated a high value of 2 x 10-' S/cmor nore. On the other
hand, the capacity to be inpregnated with the electrolytic solution was
-less and the ion conductivity was | owsn each of the ion conductors (4a)
and (4b) including no ultra-fine particle of inorganic conpound. The anount
of the electrolytic solution inpregnated into a wet cake (4'), which 10 was
produced by m xing 50% by mass of ZnO powder whose average particle di anet er
was about 2 min the process of synthesizing the wet cake ( was 230@6by

mass with respdtshewn imdablend apdr3; ithg top eemduefersotlghtn (:339@!19&131?) ter@b} hi s was

al nost the sane as that of the wet cake (4) which included no inorganic
conpound. cotilk be finwpesgnated switke \WOGYs by tniess o meore ] the iebevtrotytichsolyptans iweikles  of
t he inorganic conmpound on a mcronmeter scale 15 hardly contributes to an

i ncrease iefpdche METHBpaticl®| oTehe lgithic pobMdititrdpettigd SHMMH@EnR W orddbdd 1t 1S
inportant for the fi ne partlcles of organlc pol yrrer to incl ude ultra-fine

particles f an
el ect rocheelﬁlcq{:o(}l*tngfdé \9/‘;1 @gﬁgﬁ | sp g%&g@ﬂ gt ﬁ?ﬁnio E\fe'r)?;b ot h

si des ,of t i,on co duct or a n a et ween
0 oot idueisr BRiEEH Lybr e e 2 I0; et b Mt P@stfl%f)ﬁ\?rﬁw’ Qo)
having a gl ass substrate 700 mt hi ck such that the actual surfaces of the
el ect r odeePagificdel bevimpieeaaedt with thee clentrelitie ssolwiamaveasebos ndathe iondi spl ay
devi ce was produced 44 by sealing the outside with an epoxy resin. The

di spl ay apménctiviy waslopriadiacledf thy ior comiactorn@a) ed (4bpimdlwding nolekrasfing hi s

di splay device to a power supply nodule having a function generator.

Di spl ay ppRR6e bf Rvrghic@nspduagd above were eval uated by using this display

apparatus. 5

The amount of the electrolytic solution impregnated into a wet cake (4°), which

10  was produced by mixing 50% by mass of ZnO powder whose average particle diameter

was about 2 um in the process of synthesizing the wet cake (4), was 230% by mass with

respect to the fine particles of the organic polymer and this was almost the same as that

of the wet cake (4) which included no inorganic compound. Therefore, this reveals

that the inclusion of the particles of the inorganic compound on a micrometer scale

156  hardly contributes to an increase in the amount of electrolytic solution impregnated and

that it is important for the fine particles of organic polymer to include ultra-fine particles

of the inorganic compound of 500 nm or less.

(Production of an electrochemical display device and display apparatus)
20 Example 7
Both sides of the ion conductor (1a) obtained in Example 1 were placed
between ITO electrodes (produced by E.H.C Co., Ltd.; surface resistivity: 10 /o)
having a glass substrate 700 pum thick such that the actual surfaces of the electrodes

faced inward and that the thickness became 600 pum, and a display device was produced



Exanpl e 8 A display device and display apparatus were produced by way of the
sane nethod as in Exanple 7 except that the ion conductor (2a) obtained in
. Exanple 2 was used instead of the ionggonductor (1 a) and the display
properties were evaluated. 10 Exanple 9 A display device and di spl ay
apparatus were produced by way of the same nethod as in Exanple 7 except
that the ion conductor (3a) obtained in Exanple 3 was used instead of the
ion conductor (1 a), and the display properties. were eval uated. 15 Exanple
10 A di sp!cvw%lgx& f‘d}‘%‘glaéyep&ﬁﬁafﬁﬁpusﬂx%ﬂb“PWo@Ré@Blsb‘g}’%SPdBFedtPﬁé same
met hod as in Exanple 7 except that the ion conductor (Ib) obtained in
Exanpl e 4conmectingthd ITOsectddos of this display devderctoar paviera)pply mbdubechayingd ay
properties were evaluated. 20 Exanple 11 A display device and displ ay

appar at us finetien pémegateed Iy, mﬁgrdptertteh Qs dedtEibedBbdveavers evdludtsd@bPhising tigxcept
that the ion conductor (2b) obtained in Exanple 5 was wused instead of the
i on condu and the display properties were eval uated. 45 Exanple
12 A di spﬁfggra(\j(%?%ém%nd di spl ay apparatus were produced by way of the sane
met hod5 as in Exanple 7 except that the ion conductor (3b) obtained in
Exanple 6 was 5 used instead of the ion conductor (1 a), and the display
properties were eval uated. Conparative Exanple 3 (aqueous electrolytic

sol ut i on) Example 8

A display device and display apparatus were produced by way of the same
method as in Example 7 except that the ion conductor (2a) obtained in Example 2 was
used instead of the ion conductor (1a) and the display properties were evaluated.

10
Example 9

A display device and display apparatus were produced by way of the same
method as in Example 7 except that the ion conductor (3a) obtained in Example 3 was
used instead of the ion conductor (1a), and the display properties were evaluated.

15
Example 10

A display device and display apparatus were produced by way of the same
method as in Example 7 except that the ion conductor (1b) obtained in Example 4 was
used instead of the ion conductor (1a), and the display properties were evaluated.

20
Example 11

A display device and display apparatus were produced by way of the same

method as in Example 7 except that the ion conductor (2b) obtained in Example 5 was

used instead of the ion conductor (1a), and the display properties were evaluated.



A di splay device and di spl ay apparatus were produced by way of the sanme

nmet hod as in Exanple 7 except that the ion conductor (4a) obtained in

- Conparative 10 Exanple 1 including noggiltra-fine particles of inorganic
compound was used instead of the ion conductor (1 a), and the display
properties were eval uated. Conparative Exanple 4 (organic electrolytic
solution) A display device and di splay apparatus were produced by way of the
same 15 method as in Exanple 7 except that the ion conductor (4b) obtained
in Conmparative Exanmple 2 including no ultra-fine particles of inorganic
compound was used instead of the ion conductor (1 a), and the display
properti eExample 18val uat ed. Conparative Exanple 5 (plain white paper) 20 The
sanme di splay apparatus as in Exanple 7 including an agueous el ectrolytic
sol ution was prAadiigasy dedepand MadplBeysiasdtudmess prodicdd By wayhbt thepsupsy
inpregnated with the electrolytic solution (1) wherein water was used as a

sol vent WaSuAGd iRYhAKRT Betept MR 0h DAaRE (b1 AUAGEP I ARAAR kst ead

of using the tine particles o e organi c nparative Exanpl e

6 A resin_spacer | aced. bet n t Leces of electrodes sq that a gap
bet weﬁ i é?sg?ﬁm‘gloﬁégn%gorm’ﬁ%ﬁﬁ@fﬁ@@r% R PESY uf'ti‘fig'an epoxy
resin leaving 5 two openings. The two openings were sealed with an epoxy
resin after the electrolytic solution (1) was poured into one of the
openings so that the only electrolytic solution was encapsul ated therein,
and a di s@ompamatipaEramplei{equeEons tlectragtiesalstia)ect rol ytic  sol ution was
encapsulated in a liquid state was produced by way of the sanme nethod as in

Exanpl e 7 exceph difdy devibeahd displt agpakttud Weredpiodue@idby MwaSy ot theSéageExanpl e
1 was 10 set in a lower side of counter substrate 6 in Figure 1 (side
opposi t e ehbA%sShSEMple 7 except that the ion conductor (4a) obtained in Comparative

10  Example 1 inciuding no ultra-fine particles of inorganic compound was used instead of

the ion conductor (1a), and the display properties were evaluated.

Comparative Example 4 (organic electrolytic solution)
A display device and display apparatus were produced by way of the same
15 method as in Example 7 except that the ion conductor (4b) obtained in Comparative
Example 2 including no ultra-fine particles of inorganic compound was used instead of

the ion conductor (1a), and the display properties were evaluated.

Comparative Example 5 (plain white paper )

20 The same display apparatus as in Example 7 including an aqueous electrolytic
solution was produced except that several pieces of plain white paper impregnated with
the electrolytic solution (1) wherein water was used as a solvent was used by layering
them so that the thickness was 600 um instead of using the fine particles of the organic

polymer.



Conpar ative Exanple 7 An el ectro-deposition display apparatus was produced
by using a m xture of polyvinylidene fluoride, LiBF4 and AgClO4 in

- accordance with Exanple 4 in patent 1§ docunent 3. The el ectrochem cal

di spl ay devices produced in the above exanples and conparative exanpl es
were evaluated with respect to the followng itens. (Measurenent and
calculation of white reflectivity of a display device) Each display device
was set on a standard bl ack board and the reflectivity 20 (white
reflectivity) was neasured by using an evaluation systemfor a display
device (DMS-5000, produced by autronic-MELCHERS) where no voltage was

appl i ed. CompamativeExamplef6 t ext ure) The texture of each di splay device was
eval uated by eye observation on a scale fromA to C, depending on how cl ose

its texture wasAtmesihhegacdf waplpRiced Weiviezn PRNee piecesof 4lectréfdsese Mak R0garc| ose to
plain white paper"”; "B" representing "slightly close to plain white paper

", and "G; ' ) dj L. | @i j
(Measur encoiy ®Eh R Eelifles Faeat i e IR wid S A b0 0GR aving
continuously exposed,to an el.ectric field aof -1.5 5 V/ f.or -t seconds.
hoa Pho T oRHENS: Hé By Brenes wek el el ooty otk BT IR IERSCK s
the nmetal precipitated. In this condition, the application of the electric
field wasSalahion datveas noweed inte ee pltheyonepings 1o that| tg@@nm elogtradytia splutimt aj ned
bl ack display was neasured and cal cul ated by way of the same nethod as that
of white wes lencapsulated thereinjemdlr a likisplab opmaratiih evheatin aho faqubmuscelbardlgiced whit e
reflectivity and black reflectivity 10 was considered as contrast ratio. If
t he cont r @ftitionedvaPericapstiitdd BY a 1TQia statd waSprodacedipnehagof 8@ safeimdthed & spl ay
device has a sufficient display property. Al so, when the

in Example 7 except that a sheet of wet cake (1) obtained in Synthesis Example 1 was

10  set in a lower side of counter substrate 6 in Figure 1 (side opposite to the screen).

Comparative Example 7

An electro-deposition display apparatus was produced by using a mixture of

polyvinylidene fluoride, LiBF4 and AgClO4 in accordance with Example 4 in patent
15  document 3.

The electrochemical display devices produced in the above examples and
comparative examples were evaluated with respect to the following items.
(Measurement and calculation of white reflectivity of a display device)

Each display device was set on a standard black board and the reflectivity

20  (white reflectivity) was measured by using an evaluation system for a display device
(DMS-5000, produced by autronic-MELCHERS) where no voltage was applied.
(Observation of texture)

The texture of each display device was evaluated by eye observation on a scale

from A to C, depending on how close its texture was to that of. plain white paper. “A”



di spl ay apparatuses in the state of black display were continuously exposed
to an electric field of +1.5 VVmmfor two seconds, in all of those in

+ Exanples 7 to 12, decoloring occurredyand they returned to the state of the
initial white reflectivity. 15 (Evaluation of |eakage resistance of

el ectrolytic solution) The | eakage resistance was evaluated on a scale from
Ato Cfromthe perspective of whether the electrolytic solution inside

| eaked or not when destrqying the display device, "A' representing "the

el ect r ol yEPEsang; rlose toarlain Whitgaaper™ BB” representing,rslightly clopgtaplginvdlites” . and
"C' representing "l eaks". 20 The obtained display properties of the display
appar at usEper’; and fioimepireseniting Ecldarlyditferent fom phiintviiteaiape?. | on
conductorreflectivityTextureContrastresi stance of (%ratioelectrolytic

sol uti on (fcasfremearandaatbutition@fAdatrast fafioy| a Exanpl el on conduct or 63A11 : 1A
8(2a) Exanpl el on conduct or 63A12: 1A 9(3a Exanpl el on conduct or 62A12: 1A 10l b

Exanpl el on conqueh, Afi§d4\ Hedide was continuously exposed to an electric field of -1.5

5 V/mm for two seconds. As a result, the side of the screen of the display device
became black as the metal precipitated. In this condition, the application of the electric
field was terminated and reflectivity (black reflectivity) of the obtained black display
was measured and calculated by way of the same method as that of white reflectivity as
described above. The ratio of the calculated white reflectivity and black reflectivity

10  was considered as contrast ratio. If the contrast ratio is 10:1 or more, it can be
considered that the display device has a sufficient display property.  Also, when the
display apparatuses in the state of black display were continuously exposed to an
electric field of +1.5 V/mm for two seconds, in all of those in Examples 7 to 12,
decoloring occurred and they returned to the state of the initial white reflectivity.

15  (Evaluation of leakage resistance of electrolytic solution)

The leakage resistance was evaluated on a scale from A to C from the
perspective of whether the electrolytic solution inside leaked or not when destroying the
display device. “A” representing “the electrolytic solution never leaks”; “B”
representing “slightly leaks”; and “C” representing “leaks”.

20 The obtained display properties of the display apparatuses are shown in Table



11(2b) Exanpl el on conduct or 61A12: 1A 12(3b) Conparativel on conductor38B3 : 1B
Exanpl e 3(4a) Conparativelon conductor36B3 : 1B Exanple 4(4b) Paper

+ Conpar at i vei npr egnat ed38B2: 1C Exanple & th el ectrolytic solution

Conpar ati veEl ectrol yti c31C3: 1C Exam | e 6sol uti on

Conpar at i veMacr onol ecul ar 67C5: 1A Exam | e 7el ectrol yte As shown in Table 4,

It was revealed that their white reflectivity of the display apparatuses

pr oduced ?%ﬂuglng the ion conductors of the present invention was as high 5

as 60% o asat was—also+ravealedthat t hny were close to a—texture of
paper anf i ndi catéd hi gh contjr astwhigt i o |becausg their ign " cdfithaes or s| had
hi gh i on| conduct i vi t Jon cofda¢mariedreflectiGonpdr Bxtwe |EX \/\A"ﬁ%'rs@i’cr‘?.o ppl yrer
solid el ectrolyte yms used as|a medj um flor a displ | BY° devi cee:c ﬂo wef e al so
excel | en " wl. or \a egl-er-ing—speed—(+regpense—spaeed) S ke
degree of bff 35;"Rﬁes \/\:ﬂ@ﬁn 3%? rled. le4 Conparakive 102Example 7, Ahe whjte
reflectip 'ﬂin:c ‘Elué’tor Heh—bot—the—textufe—was—egutirte—di-fFerenty from
t hat of paper pf)n th hand, i6A Conparaki vd Exlambl e|5, ioic mgration
did not 'I‘n (')Hducyto; —the—etecttobytiersotutiontbecause—materi al s
I nsi de the‘ﬁd(ey ce i & (3a) 63 A 12:1 A
Exe;rgple Ion cEalngl)uctor 62 A 12:1 A
Exe;rilple Ion cz)zriguctor 62 A 11:1 A
Exalrgple Ion c(o3r:;1)uctor 61 A 12:1 A
Comparative Ion conductor .
Example 3 (4a) 38 B 3:1 B
Comparative Ion conductor )
Example 4 (4b) 36 B 3:1 B
Paper
Comparative impregnated .
Example 5 with electrolytic 38 B 2:1 ¢
solution
Comparative Electrolytic .
Example 6 solution 3 C 3:1 C
Comparative | Macromolecular .
Example 7 electrolyte 67 C >:1 A

As shown in Table 4, it was revealed that their white reflectivity of the display

apparatuses produced by using the ion conductors of the present invention was as high

5 as 60% or more. It was also revealed that they were close to a texture of paper and
indicated high contrast ratio because their ion conductors had high ion conductivity.
Compared to Comparative Example 7 wherein a polymer solid electrolyte was used as a
medium for a display device, they were also excellent in coloring and decoloring speed
(response speed) and their degree of blackness when colored. In Comparative

10  Example 7, the white reflectivity was relatively high, but the texture was quite different
from that of paper. On the other hand, in Comparative Example 5, ionic migration did

not occur sufficiently in the electrolytic solution because materials inside the device did



49 not have a sufficient capacity to be inpregnated with the electrolytic
solution. Consequently, uniformand snooth col oring-decol oring did not
occur over the entire surface of the ggreen of the apparatus and the
contrast ratio was quite low Also, in Conparative Exanple 6, the high
reflectivity, which is inherent of the sheet of the wet 5 cake depl oyed on
t he back side, excessively decreased because incident |light traveled back
and forth between thg two pieces of glass substrate, two |layers of I TO

el ect r odeBOt BAYE (ah SURiciHE r GPFEINC 1Q dreyimpreenated qwith fhseslegtprlytic solutigas
reveal ed that the ion conductors of the present invention have excell ent
pr oper t i eSonsequentlyo unifoma aod smaosthd celosing-decelonegl didnétopccan ovarothe entire

el ectrochem cal display device. | NDUSTRI AL APPLI CABI LI TY The ion

conduct i vidrfacefoftthke s¢reeén 6D dbuspparausodnd the Joh@agthtio WaeRfuitdows Aol ¢ hi gh
and the ion conductors of the present invention can be used as materials for

an 15 el éﬁﬁb&%ﬁ@@ﬁéﬁnp&@%@%blﬁ SHERAS, @h&ﬁfié’pﬂjifsé%e%t tgﬁ{hte.eshé'et FEWBEL i cal

doubl e | ayer ™ capacito battery, etc. e ion conductors of

t he present inventi,on can be used suitably as ion_ .conduct forn
o1 6t vk BOERSH RR B8 Bcks B S HANARY ot BRe bt e R R el e o v e
are quite close to paper. 20 50 CLAIMS 1. An ion conductor, _conprising: a
fine partPeokeangifogh hsf‘g%?ﬁi the 5wp pigses phelagsubgtirate. t Byors 9y Thadedodes” 5
ultra-fine particle of an inorganic conmpound; and

and the electrolytic solution.

As described above, it was revealed that the ion conductors of the present
invention have excellent properties as an ion conductor and also as a medium for an

10  electrochemical display device.

INDUSTRIAL APPLICABILITY
The ion conductivity of the ion conductors of the present invention is quite
high and the ion conductors of the present invention can be used as materials for an
15  electrochemical apparatus such as a secondary battery, an electrical double layer
capacitor, a solar battery, etc.
Also, the ion conductors of the present invention can be used suitably as an ion
conductor for a reflective electrochemical display device because their clarity and

texture are quite close to paper.

20



an electrolytic solution inpregnated into the fine particles of the organic
pol ynmer, wherein the ultra-fine particle of the inorganic conpound has an
-average particle dianeter of 500 nmogol ess, and the fine particle of the
organi c polyner has a 10 specific surface area neasured by the BET net hod
of 30 ne/g or nore. 2. The ion conductor according to claim1l, wherein a
degree of inpregnation with the electrolytic solution with respect to the
fine particle of the organic polynergiélago to 2000% by mass. 15 3. The ion
conductor according to claim1, wher'et MBe fine particle of the organic

pol ymer has an average particle diameter of 1 to 1000 m 4. The ion
conductor according to claiml1l, wherein the fine particle of the organic 20
pol ymer has an average breadth of 20 pmor |ess and an average aspect ratio
of 5 to 20. 5. Ahéon amdactodoahprisiag:cording to claim 1, wherein the inorganic
conpound is at |east one inorgani.c conpound selected fromthe group

consi sting of a; ThfeaparfXledst af orﬁ‘ﬁﬁ@'pok%‘x’é’r%bﬂlﬂingaﬁg 18 Sﬁ%aﬁy aRsbraj e. 51
6. The ion conductor according to claim1l, wherein the organic polynmer is at

| east . on r [.C.:Rol | ec from t.he group consisting of a

pol yan% de‘,&m% t%%%a&tgc@?gé%ﬁ{ne?gga%: ctact’%%ou?u’rag . 5 7. The ion conductor according

to claim5, wherein the fine particle of the qQrganic polyner is obtained by

an interfacial ?iblei}]‘égﬂg’@ﬁs%iﬁ‘inﬁﬁl irapreenasd d%t@sgﬁ gp%rﬁaén‘gﬁﬁnggélﬁ‘e OB&AMeen an

organic solluti on (A) containing at | east one conpound selected fromthe
polymer,

wherein the ultra-fine particle of the inorganic compound has an average
particle diameter of 500 nm or less, and the fine particle of the organic polymer has a

10 specific surface area measured by the BET method of 30 m*g or more.

2. The ion conductor according to claim 1, wherein a degree of impregnation with
the electrolytic solution with respect to the fine particle of the organic polymer is 500 to
2000% by mass.

15
3. The ion conductor according to claim 1, wherein the fine particle of the organic

polymer has an average particle diameter of 1 to 1000 um.

4, The ion conductor according to claim 1, wherein the fine particle of the organic

20  polymer has an average breadth of 20 pum or less and an average aspect ratio of 5 to 20.

3. The ion conductor according to claim 1, wherein the inorganic compound is at
least one inorganic compound selected from the group consisting of a metal oxide, a

metal hydroxide, and a metal carbonate.



10 group consisting of a dicarboxylic acid dihalide, a dihaloformate and a
phosgene, and an organic solvent, and an aqueous solution (B) containing a
metal conpound of at |east one alkali gyretal element with other netal

el enents, a diamne, and water. 15 8. An el ectrochem cal display device
conprising: two electrode plates; the ion conductor according to claim1l
mai nt ai ned between the two electrode plates; and a material which changes
color reversibly by an el ectrochem cal 20 oxidation-reduction reaction in
the ion conductor. 9. The el ectrochem cal display device according to claim
8, wherein the material which changes color reversibly by the

el ect r ochéni cal Thxiodaphductorestoordingtorcdemt §, ovherain ¢the @ghnic pdyver igdatdepshgent
included in the ion conductor. 52 10. The el ectrochem cal display device

accor di ngoforghrit ﬁb@mé@*ﬂ@!&@tb@ﬁbhﬁth%%&@f f @nsisihs 6ha pHBAGER, ﬁ@b@hrétl@é{ﬂr sibly

by the el ectrochem cal oxidation-reduction reaction forns
col or-devg{(pzpb&guﬂeg_yer set on the el ectrode plates.

5
7. The ion conductor according to claim 5, wherein the fine particle of the organic
polymer is obtained by an interfacial polycondensation reaction caused from a contact
between
an organic solution (A) containing at least one compound selected from the
10  group consisting of a dicarboxylic acid dihalide, a dihaloformate and a phosgene, and an
organic solvent, and
an aqueous solution (B) containing a metal compound of at least one alkali

metal element with other metal elements, a diamine, and water.

15 8. An electrochemical display device comprising:
two electrode plates;
the ion conductor according to claim 1 maintained between the two electrode
plates; and
a material which changes color reversibly by an electrochemical

20  oxidation-reduction reaction in the ion conductor.

9. The electrochemical display device according to claim 8, wherein the material
which changes color reversibly by the electrochemical oxidation-reduction reaction is a

color-developing agent included in the ion conductor.
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10. The electrochemical display device according to claim 8, wherein the material
which changes color reversibly by the electrochemical oxidation-reduction reaction

forms a color-developing layer set on the electrode plates.





