1 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 relates to an ion conductor
and an el ectrochenmical display deviceg utilizing the same. 10 BACKGROUND ART
Solid materials for use as an el enent between the el ectrodes of a battery,
an electric double-layer capacitor (electric double-layer condenser), or
the li ke, have been devel oped wherein the use of a structural materi al

whi ch prevents a short-circuit between the el ectrodes is unnecessary and
wherein it is unnecessary to be d¥RERHEIONs about the | eakage of

el ectrolytic 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

hi gher | eysN.-CARDUCIORENDEL ECPROTHMENIGAE DISPLARDE VECE URQLIZIRG
el ectrolyte (one that is conpletely solid) and a polyner gel electrolyte

are known. 20 However, since the ifﬁEWEcti vity of intrinsic polyner
el ectrolytes is basically low (less than "10-4S/cm at roomtenperature), an
intrinsic polyner electrolyte used at roomtenperature has not yet reached
practﬁ cal use. On the other hand, as exanples of polyner gel electrolytes, a
honogeneous gel electrolyte made by swelling an organic pol yner
(pol yet hyl ene oxi de, pol yacryl cHEEHNIEALFIEDDI yvi nyl i dene fluoride, etc.)
with an electrolytic solution nmade by dissolving a

The present invention relates to an ion conductor and an electrochemical

display device utilizing the same.

10 BACKGROUND ART
Solid materials for use as an element 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

15  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,



supporting electrolyte (LiCl O4, quaternary ammonium salts, etc.) in a polar
solvent (for exanple, see patent docunents 1 and 2); a structure-based gel
el ectrolyte made by formng an organic polynmer (polyolefin, polyethylene
oxi de, polyacrylonitrile, 5 polyvinylidene fluoride, 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 nade by
| npregnati ng, a network-structure support medi um conprising a i

non- el ecpply¥bylidens fluopde.yaien withham relegtiodyticosglution fradesbangiseolvingeapat ent
docunent 5) can be nentioned. 10 The honpbgeneous gel electrolyte has the
advant agsupposating é¢lectedlwte t(LiT1D4) quaterndry tamomoniamedaits,| ebakin a polar sdlvéragfor

di sadvantage that the ion conductivity is | ow and does not reach the ion
conduct i ¥kdnyplef s&”peﬁblﬂcaddﬁlhiéhtscl S8l Uty @nsthichgkbafac %élséleé&’tﬁyt%h&@ BY

capacity to maintain the electrolytic solution is about five tines as |arge
as that .0r gani ly t.h her ,.h the.structuresbased gel
el ectrol ﬁrgnﬁ%sgna %rlg%@?e%‘%?qr%%gﬁeﬁére pé)ll)& Y eyto%ééegopaiy%rgiqnitriﬁ,kel y to

| eak. Al so, both of these have the proble that the kind of solvent used in
the et ecP? Yilgeréeoﬂll‘i’li“??m eit‘gS TS 13 PRIOBY bﬁg]-‘& @pgﬁqygnga@tgnmgn@ elsetrglyiani ¢

pol ymer used in terns of conpatibility between the organic pol yner used as
a suppor solntiomirainkirogpresef the potous bydy (fos examplosseapdtenhdoimontait andd);, t hese
reasons, the developnent of ion conductors which have a high capacity to
mai nt ai naad |th&l gadd Gyyimpsre@ihting| Altnetistkatdcture Wippit hdkag ecodiprishe a
electrolytic solution rarely occurs has been anticipated. Patent Docunent

1. Japangsg ) ' ' | ' 2 832

Pat ont Do R oG IR e R Tte (O alle, 80 Bent B O .

H11- 1498%a5n be mentioned.

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 Docurent 3: PCT International Publication No. WO 95/06332 Patent
Docunment 4: PCT International Publication No. WO 95/ 15589 Patent Docunent 5:
Japanese Unexani ned Patent Applicationg Publication No. 5 2000-11758

DI SCLOSURE OF | NVENTION Problens to be Sol ved by the Present Invention The
obj ect of the present invention is to provide an ion conductor wherein the
10 amount of electrolytic solution inpregnated can be nade | arge i ndependent
of the kind of solvent used in the electrolytic solution and the
concent r aHl bid49825t he supporting electrolyte so that a high ion conductivity
can be obtained and the electrolytic solution inpregnated rarely |eaks. 15

Means f orpedt\Ddaniche3 - FrOD Irematititl Pabieation NU. wowsy@dithat the above
probl em can be solved by an ion conductor wherein fine particles of an

or gani ¢ gp%,\t%rlﬁg_‘?]oc ﬁ?zl-sﬂ?ﬂﬁtkﬁxaﬁbﬂafl @ﬁﬁi&@%ﬁﬁm%?ﬁsﬁy the BET method is

| ar ge an include a [arge amount o i'ne “particles of inorganic

conpound whose average particle dianmeter ig 500 pmor .less, are 20
inpregnat%e% Cufpe eﬁgt 5231&9?560 ?‘%‘fl}n&ﬂ,fsﬁﬁ‘?ﬂtt pRiicatian, ?)Bhﬁ‘faﬁof‘hgopresent
invention. That is, the object of the present invention is to provide an

i on condudl®r11788npri sing: fine particles of an organic polymer including 20
to 80% by mass of wultra-fine particles of an inorganic conpound; and an

el ectrolytic solution inpregnated into the fine particles of the organic
pol ymer, wherein the above ultra-fine particles of 4 the inorganic conpound

have an average particle di gsRi¢ONREOF NVPRNTIGRS and the fine particles
of the organic polyner have a specific surface area of neasured by the BET

m{at hod of p381eM¢'td b2'SofR%y the Present Invention

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.

156  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



5 Effects of the Invention In the ion conductor of the present invention,
the anobunt of the electrolytic solution inpregnated can be made | arge

i ndependent of the kind of solvent used in the electrolytic solution and a
concentration of a supporting electrolyﬁe so that a high ion conductivity
is obtained and the electrolytic solution inpregnated hardly | eaks. 10 BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a schematic representation of a
di splay device utilizing an ion conductor according to the present

i nvent i ontheFingigaficZcopipivad has€ AR MRtiage pafichs diahtdr T 300 1@n Grdpdsamddwi ce
utilizing an ion 15 conductor according to the present invention. Figure 3

shows an paRYeHYes! rARS BrSRiCPolghRF hafd) a hedifs SR ceOLreh | 'P?ne%?ﬁrﬁa. byafe Of
organic polﬁgﬁerh'{po({ yam d%?ﬁi Ec?tn%i ng uF{EPa}??ne parti cloes 0 sdlil ca(.3
Descripti f 20 1 represents an ion conductor according to the
present i ﬁ@fﬁ??@ggf#@ﬂ@ioﬁé‘lﬁg‘ mat eri al whi ch changes col or because of an
el ectrochem cal oxidation-reduction reaction); 2 represents a transparent
substrate; 3 represents a transparent electrode; 5 4 represents a counter
el ectrode; 5 represents a sealing nedium 6 represents a counter substrate;
7 repriesebffscta of tHednvelgiwal opi ng | ayer whi ch changes color by an 5
el ectrochem cal oxidation-reduction reaction; and
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;



8 represents an ion conductor according to the present invention. BEST MODE
FOR CARRYI NG QUT THE | NVENTI ON Hereinafter, the ion conductor of the
present invention is explained in detaid. 10 (Fine particles of an organic
polymer and ultra-fine particles of an ™ norgani c conpound) Fine particles
of an organic polymer used in the ion conductor of the present invention
include ultra-fine particles of an inorganic conpound whose average particle
dianeter is 500 nmor less. It is nentioned that inorganic fine particles of
silica, alum na4represenn @unttbeletitoderet er scal e are added to the intrinsic
pol ymer el ectrolyte and the polynmer gel electrolyte for the purpose of

i mproving the sirgpeiehis@fselomadiam; pProperties of pressure resistance,
etc. of the ion conductor. However, the fine particles of the organic

pol ynmer used in resent Jin iogn include 20 to 80% by mass of
ultra-fine part?%&ggsé%g%at ‘e"‘%“'ﬁo‘f"%ﬁ%@c conmpound whose 20 average particle

dianeter is 500_nmor |ess. Trlgsg cannot Pe obtained easily by sinply m xing
organi ¢ pol yner & WRIESSHorafeler-ee ns laygg  phichy rchapgesa rgolom by, ndd
including the ultra-fine particles of the inorganic conpound whose average
parti d e eldctzonbemical gxigaion-taduction xeastjon; Aed r specific surface area neasured
by the BET nethod can be made quite | arge because their content of the

ul'tra-fine partgedésetfs ahlien toRIugRR afcobding eePiéhehtigvaamas and this is
different fromthe case in which the organic polynmers include the particles

of the inorganic conpound on a mcroneter scale. The ultra-fine particles of
the i norgani c conpound used in the present invention refer to fine

ot particularly |1 BESMEDH BOR ARG oI NN Sont ent of '
' nor gani ¢ Conpoﬁgrq:iliarflteg tﬁé %tn%ogzluclgtl)rtc{f%g li)rréseeng?nrvteilt%ne isé’exgl%}neg%!l %g[g]i'l.des,
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



pol yur et hanes and pol yureas having a polar group which has an affinity with
i norgani ¢ conpounds such as netal oxides, netal hydroxides, netal
carbonates, etc. are preferable. 10 Ay exanple of a method for producing
fine particles of these organic polymers is by interfacial

pol ycondensati on. This occurs from contact between: an organic solvent
solution (A) including at |east one conpound selected fromthe group
consisting of a dlcarboxyllc acid di halide, dihaloformte and phosgene, and
an or gani comppunchincreasescandsthisnis slifferenisfremi the icase inByhich dhe,oreanicapokymers
conpound of at |east one alkali netal elenent and other netal elenents, a
di am ne amgtlwdthe parftioles oX tiefiherganic Rompamdisn £ alicrometbkadleied by t he

pol ycondensati on of a dicarboxylic acid dihalide with a diamnm ne;

pol yur et hane CaTthul‘B]alfﬁienfagrthYes 99'%&%9%9%1? gﬁgg&hdaugéd‘%oﬁﬂrﬁﬁg gsuch as

di chl oroformate, etc. wth di am ne; a can be obt ai

pol ycondensat hos di am ne. their str uct ures
are det er Mg 0%15(0% r‘&fﬁ‘ F%‘l fsbﬁ&nb?rlﬁﬁ o] 81 aVA] rfsfﬁ pol ycondensat i on.
As an exanpl e of inorganic corrpounds ast one inorgani ¢ conmpound

sel ect d from t HEC GFass Mmpfstslmpaﬁwal% igntedhagsdang apl gan kighand
nmetal 7 carbonate can be preferably shown, but a nmetal oxide is preferable
because i rontenieaf pn tinorghuic mouiponad fin raestptarmﬁ cltrasfinghparticlas, e gelyanides | e
dianeter is 500 nmor |ess. Exanples of metal oxides include silica (S ),

al um num slydesthdried af ipdBureas ha¢iR iaibla>droep whidhCha®anC initpRgdias@asisi de,
etc. Silica and alum numoxide are 5 preferable in terns of the anount of

el ect ol YchipSalt bath Wl il Bkibe, | HBGPOHYAHGHIA dnoda afRARleh 4R Okre! O

conducti vi

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 above-descri bed production nmethod nmakes it possible to include the

i norgani c conpound in a state of ultra-fine particles whose average particle
dianeter is 500 nmor less and in 20 t,o0 80% by mass. Al so, since the
ultra-fine particles of the 10 inorgani'c conpound hardly separate fromthe
fine particles of the organic polymer and the capacity to be inpregnated
with an el ectrolytic solution can be high, the average particle dianeter of
the ultra-fine particles of the inorganic conpound is preferably 300 nm or

| ess, norarpomateetanlile/préftfabiysioown, dss aandalnmdde Brpeéfersbbd bechsenitrisasasy €5Ss. | n
terms of a bal ance between a capacity to be inpregnated with an electrolytic

15 sol Utiféﬁn@ﬁtr@ﬁﬁ_é‘?&&iic&@ vios@Bvdr@it SRREE Alfetera®90PhRARRNESsES of a nmenbrane
such as processability, elasticity, heat resistance, etc. as a separator,

it is preferabl onf:-ent.: Ul i Az i rticles,.of e

i norganic corrpo]%f\aéﬁgées égﬁ%ectﬁ?‘%%‘g%ymr%lgéhs\?l\nlct%h{g@&ﬁgg?ﬁ 0 ?’ﬁgg’f?rgé’x% tticles
of the organi¢c polyper, |If an inorganic conpound is attenpted taqg be
conpoundefTSAR iy gHi %’ﬂg%dnﬂzﬂﬂgﬁ%?r SHertts nvikich @“éq’&l%%ﬂ’t OXidg @Fider
etc.), under the present conditions, it is quite difficult for the

i nor gdini cprefemgihdelindtetros bEtheamandeof ¢lectfalytic gdntidrcwbichehn be gmpiiegnatpdandrer in a
state of ultra-fine particles of 500 nmor less and in a high content of 20%
by nass ofhe iHgRitudkesfiva @osductibidy.sel f - cohesi veness characteristic of

i norgani ¢ conpounds. However, any production nmethod can be applied if the

fine particles pfg %bo&él&sgﬁﬂéi‘ipg?dﬁgtibfm?tﬁ@@ ﬁl&&lsyﬂep(%gib*eo t3Qnk1RYe s of an

i norgani ¢ conpound I1h a state ultra-tfine particles of 500 nmor |ess by

treating the surface of .the ing ni compoun or by i nmprovi.n he

i sper o notEgRitconttianh i Bt B AR fne eRRREY WfoscdyepRee rlPiey WARGY s e
shape of the above-described fine particles of the organic po|yner be fine
parti cl esPUhBBOTIGE 2Keingzd} tq 80% by maet erAlse singedhe gdir-fine pacdigles o dbgyhe
wherein the average breadth of the fine particles of the organic polyner is
20 m 4y |imerganic 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



and the average aspect ratio of the organic polynmer is 5 to 20 is
preferable. In particular, it is preferable that the fine particles of the
organi c polyner be in the shape of beng mcrofibers (pulp). The average
particle dianmeter hereof represents a particle dianmeter obtained by
calculating the arithnetic average of the breadth and | ength of the
particles. The ultra-fine particles of inorganic conpound in the organic
pol ynmer cannot contribute  effectively to formng a specific surface area
and t he i rips egae Pelymar £#n glude 80 to 3% by enass ef 4t ingreanis|cempowkingy sigini ¢
polynmer is in the shape of fine particles. The ion conductor of the present
i nvent i on cfarltrding rpartégeracb FORi nh er less g treatingnthe ofurfape of rthe yinergardo| ut i on
such that the solution is hard to | eak and an i on conductor inpregnated

wi th 500 teompolaPbly myssviag thenlispesatgragent! the dspémsing davied, iete. r espect to the
fine particles of the organic polyner including the ultra-fine particles of
the inorganic gqogpesfetable atint R shagecifclrabovEdeRtib& fifd Fartdesifithdgrgddie

el ectrolytic solution of the present invention conprises a supporting

el ectr oyt b fine ipififdles Whoslaveridl patidlel i tPR At 1060 FMERISO0A afe ThE
sol vent may 'be either aqueous or non-aqueous and, in addition to water,

pol ar or gapi C.: v, ARSAIS Al : ,
2- et hoxyet ;ﬁ%ﬁ?{e %-@%'g% &%&g%e({ han%?ﬁ%@%%ﬁ%&?b clg?égw?ﬁkk met '§|°;S>'Frs? ol i done,
di net hyl acetam de, 9 di .h ormanm. de,. acetenitrile, .b onit.rile,
Gl Ut ar on; PP oS esel BRI TBRCR B 8 hab bl I i
propyl ene glycol, etc.) can be nentiqned as exanples. . In addition, if an
agueous SdP Yo qr%b?%@@%}heo ing ertislss o ﬁb%g%sﬁvlsé&lm-bque@ass 51 Uebfing,
solvents conpatible with water can be used by dissolving themin the aqueous
sol vent 5 misrofipars (puip)-dTHe average pagiclodiapeter argok prasentp p dpetivieediamaér t he i on
conductor can be used at a | ow tenperature.

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
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)

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-methoxymethanol, isopropyl alcohol, N-methylpyrrolidone, dimethylacetamide,



As exanples of the supporting electrolyte, lithiumsalts (lithiumchloride,
lithiumbromde, lithiumiodide, |ithiumperchlorate, lithiumnitrate,
lithiumsulfate, Jlithiumtetrafluorobgate, |ithium hexafl uorophosphate,
etc.); alkali netal halides 10 (sodium™hloride, sodium brom de, sodium

i odi de, potassium chloride, potassium brom de, potassiumiodide, etc.);
ammoni um salts (tetrabutyl amoni um brom de, tetrabutylanmoni um chloride,
anmoni um f | uor oborate, tetraethyl anmonium tetrafl uoroborate,

t et r abut y Hmmathylfarmatrade, af daetmitbide, at leutydoaitriket hglitaromitriiay m dipetholty ethadee,
tetra-n-butyl ammoni um perchl orate, etc.); inorganic acids (sulfuric acid,

15 hydr ochlbatyrslagehsl, eﬂ%ﬁérﬁ"él?édlcpﬁﬁyl‘éne Blyedl, efNbahhe rhdnt®nédiis B&nREL | oned.

The concentration of the supportl ng el ectrol yte may be appropriately set

aceor df ngf fuds iPAPANRANSS AL if I8e] SnEARNCARENRLY e SRR v ent O

and its reqwred mance od for
produm ng n ion condyctqr) 20 The ion conductor L the present invention

can be pr ﬁ%ﬂcwp%r ﬂ"ﬂ@dwaté’bﬁ%’rb%}“ﬁ& bipdisiiwiag dhem in tha aiepus spivant ne
particles of organic polymer wherein the fine particles of organic polyner
are obi ai sethabyolidifieatfoacit 4 C oo lsss oarl be praviented ead dhefiohreondunten cantbe used ween:

an organi c solvent solution (A containing at | east one conpound sel ected 10
from the gr®lopv eopsiatireng of a di carboxylic acid dihalide, dihaloformte and
phosgene, and an organi c solvent, and an aqueous solution (B) containing a

metal conpound gf é@ardp?&sbf@'ﬂ@sgé{gﬁfhhg TRlcAblyte! BRRR ARE (BiGh dRbéAde,

el enents, a diam ne and water a process of |rrpregnat| on for

| mor egnat g, LG LLAS AR 58, Hinhd® pRIARIE, RELMHRGvatd 1iBiER ShARS OVt C

sol uti on.

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, tetraecthylammonium

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



(Process of synthesizing fine particles of organic polymer) In the process
of synthesizing fine particles of organic polyner used suitably for the
present invention, the nononer in the ?éganic solution (A and the diam ne
in 10 the aqueous solution (B) are quickly polycondensated by stirring from
about ten seconds to several mnutes at room tenperature under normnal
pressure and an organic polynmer can be obtained in a large yield. In this
case, an alkali nmetal in the metal conpound such as an alkali silicate,

et c. act s fram thergeomy esnsixking ol walicayboxylialacidedihglédee diiakdointaté ed phosgene,

pol ycondensati on of the nonomer with the diam ne so that production 15 of

the fine BAd b 6fgaBic@blvell€ afd 9ani ¢ pol ynmer are pronoted. During this
reaction, the netal conpound containing an alkali netal becones insoluble

in the organj I Ui 3 d [Wo]! i IS | a it
bl AR it B8 Ui a e EEBOARY 5P, Wi ot YRR 1
converted jnto si]ica lass) in this.way and, if_other nmetal conpounds are
used, theﬁlea?e@t%"tdrﬂfg?rﬂ(@% ‘Flf’%‘e’i‘tﬁ(ﬁ‘galﬁir@ %‘Sﬁ%ﬁha’é‘i containing a ne{rgl 20

el ement excluding alkali metals as well. In this case, only one of the
produchi on pocashof imprganatiorp &iryimpregmatipg ithec inel pagildsoof the drgemicrpolyner wi t h
the diamne and the precipitation of the inorganic conpound does not occur

si ngul ar | wyithi ansdl@m@dlyticheutioacur in parallel, so that the inorganic conpound
does not form a coagul ated structure and can formultra-fine particles on a

nmanomnet er ) e%'fz]{?% : i . icyacid dihalides in the
organi c séﬁ'?%sgr?f Aﬁ,1 acl ﬁﬂghﬁgg@ggbgi I gﬁgm&%i carboxylic acids (succinic
acid, adipic acid,, azelaic_aci .sebaci ¢c_aci.d tc.). acid halid of
s omat e i car I TESsEh Gr W BesiRRR I poRiiick of bkl iirier B gty )
acid hali ge of aromati ¢ carboxylic acids wherei n,hyar ogen_ atons, in the

¢

S
aromat i c fPMYe Pagsentsiprention, thegmonemer inHhe orgapic spiutinn dothe ghanaige dn anp| es

of di hal of ornate conpounds in the organic solution (A), aliphatic diols
10  the aqueous solution (B) are quickly polycondensated by sturing from about ten

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.



(1, 3-propanediol, 1,4-butanediol, 1,6-hexanediol, 1,8-octanediol, etc.)
wherein all of the hydroxyl groups are chl oroformted by way of
phosgenati on; bival ent phenols having tiwo hydroxyl groups in one, two or
nore aromatic rings [resorcin (i.e. 1,3-di hydroxybenzene), hydroqui none
(i.e. 1,4-di hydroxybenzene), etc.] wherein all of the hydroxyl groups are
chloroformated by a way of phosgenati on can be nentioned. As exanpl es of
phosgenes in the organic solution (A), phosgene, diphosgene and triphosgene
can be menti oneds exeplesrfdicaghoxykiq srddidihglidesrioy the erggnissolybeni(A) apidhalidens a

m xture of two or nore kinds. A kind of organic polynmer in the present

i nvent i on Yafiphtic disahgedicayids Grecnit pd, adipiesaidnegclaissasid, pabacipecid etranicid
solution (A). Wien a dicarboxylic acid dihalide is used as a nononer, a
pol yan de leadidestnd apmaic siearhoxylic acidsdisopihalic apid atetsiphiritlireacidy etchieacidybalidess
solution (B). When a di haloformate is used as a nononer, a pol yurethane can
be obt ai neef. argiatiy carbopplissasidsewheseiy bpdfogey atomrpinche promatip oingaare aubstimtede
obt ai ned. The organic solvent used in the organic solution (A is not

parti cul ardng the liketcenibementiopedy as t he sol vent does not react with the
above-descri bed nononers and di am nes, and can dissolve the nonomer in the
or gani ¢ sol uti oAsemplefoftditeddormat: compoweb inctha pygamis saftisnh@gealiphatcadmiat | bl e
with water, aromatic hydrocarbons (toluene, xylene, etc.); aliphatic

hydr ocar bofis-fropanedialn €, 4-mitanefliol, hhb-bganatiadd 1l8yatanedioh ens) (vbbdetar alf @f rthe 12

met hyl ene chloride, etc.); and alicyclic hydrocarbons (cycl ohexane, etc.)

can be nemnfidrexyE groapsdare @Blokofpintaddd BxwMPbRphosfentfids divarrAppicnbls davihg bwvorat er
ethers (tetrahydrofuran, etc.); ketones (acetone, nethyl ethyl ketone,

etc.); andhyalkdsyl gRee Rt @, t{Ebhinbreagahaticeringd IRBLinaE 1 B3-dihy&ogybenag), be
mentioned. 5 Wien a solvent inconpatible with water is used as an organic
sol vent of hydARuinone (i.e. 1,4-dihydroxybenzene), etc.] wherein all of the 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.
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.
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,



organic solution (A), the pol ycondensation reaction becones an interfacial
pol ycondensati on generated only at a boundary surface between the organic
solution (A) and the aqueous solutionI%B) so that an organic polyner in the
formof fibers (pulp) is likely to be*®btained. In particular, when an acid
hal i de of aliphatic dicarboxylic 10 acids as a nononer in the organic
solution (A) and an aliphatic diamne as a nononer in the aqueous solution
(B) are used, the nolecul ar weight of the obtained organic polyner can be
easi |y i naehgked cllofidgt etci)nanpailidyelie shyfrodafioner gapiochealey rétt.) idant Be form
of fibers is likely to be obtained. On the other hand, when a sol vent

conpat i bllf,z iddbdnahal dsS gl 2Rampled” BANIHEse TOmOIRwRh WaRrOId C

or
sol ution , pol yconden Ion occurs in Ich the organic soﬁVent and

water are | sifded sothat fine parti s _of the organic.pqlymer _in the
form of %%gamfﬁwnbEtc’gag?atweso@f%{g %d’.l&k@ -‘t’ltlée}o%hfe%ﬁ’ 3?%3‘%}% aSGRnt i s
used, fine yEarticles of the organi ¢ polyner obtained are in a form of
powder or (cthybagedate gprapylipsetaten gicg £an be 806 contained is in a state of
ultra-fine particles, such that the specific 20 surface area becones | arge.
Therefsore, it iWhensssdivent timcongpatibler eijhatate isivstd as an erganic sdly¢ntofshé uti on
easily, imediately, and in a large ampunt. The diam ne used in the aqueous
sol ution ¢Mnits soRftioRar(a)CHmr |pslydontiémetias +bGon aBedoimdseafmt Sintdrfabial he
nononer used in the organic solution (A and produces an organic polyner.
For exanp, L i L2 R S o IBF=Yaa Mg 4= dlam: .ane, 13
15- i am RaRFaKRAbh el ARy of n by AREE Brech e S ARUbaN
(m phenyl gnedi,am ne - phen nediam ne, etc.): derjvative f ar tic
G o ne i ek GateuS AR L5 it an et plymet iy ettt OF 6Bers TR anc
the Ii ke can be nentioned. These nmay be used  alone or as a m xture of two
or nore kisddsly b bpobiainsdendn Pertishlass when angsidnalide rpfi aliphatiq dicaeboxslieit i on
(A) and the

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,



concentration of the diamne in the aqueous solution (B) are not
particularly limted as |ong as the pol ycondensati on reaction can proceed
sufficiently, but are preferably in trr;g range of 0.01 to 3 nol/L, nore
preferably in the range of 0.05 to 1 'Iq’/L such that each of the nononers
can contact well with one another. 10 As exanples of alkali silicates in the
aqueous solution (B), those represented by the conposition fornmula of A20
nSi 02 (water glass #1, #2, #3, etc. described in JIS K 1408) and the |ike
can be nehbidimathohéiame) hi-didtinoecass ent s asomatidkdibmimst(al-plentlenbdiaminegr age
value of nis 1.8 to 4. An alkali nmetal conpound contained in an al kali

silicate pagb léfed?aniiﬁéf,mt&?; Rbivagyed DN Rb AR QRN Shefefhydegen AEmEPMONMEr i N
the organic 15 solution (A) and the diam ne in the aqueous solution (B) are

POl Y CONeRR Efli ok AL sskfudt: 434 inlikd 631 B HAERASS eepRlysgnepsat i on

of the nononers w mnes an anheous conver to srticon
oxide (silica) which is insoluble jn solvents and this also becones a

mat eri al ‘I‘IBPef”h%sWwequﬁﬂoﬁém%‘“é‘gs'of t he inorgani ¢ conpound cont ai ned
in the fine particles of the organic polyner. 20 As exanples of the netal
conpounds of at Theasncentiation kefl themmagiomsk eite the grghnicospltionefAgl ard ghents in
t he aqueous solution (B), conpounds represented by the general formula
AXMyBz cacordeentiaivhi cfithel diahdne imthe"sjuesismodaidnt (B)are adtkpdriiculmialimite¢aent ;

"M represents a transition netal elenent of Goups 3 to 12 or a typical

netal el eppBtys g p&?&iﬁﬂ%ms]aaoﬁ QeabfioRbard PocB&T htiend @ Bubare PrefefapBf RIROL S at
| east one functional group 14 selected fromthe group consisting of O CO3

(0]
and o BReeBrasiing Pk oo FERCRRSTh O HRRE LT g IRV L A0 R gl

those soluple in water and ShO\é\f ng. basicity are preferable. In the sanme way
as the al Rbthf mapomercemsoniagt Vail pilk opegapthes; | cate, the 5 alkali netal

conpound contained in the nmetal conpound containing an alkali netal also
10 As examples of alkali silicates in the aqueous solution (B), those represented

by the composition formula of A.O -nSiO2 (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 AxXMyBz 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



acts as a renover of acids in the polycondensation, such that the alikali
silicate pronotes the polycondensati on of the nononmer with the di am ne and
is simultaneously converted to a net aI1 conmpound i nsoluble in solvents. As a
result, this becones a nmaterial for ul%ra-fine particles of the inorganic
conmpound contained in fine particles of 10 the organic polynmer. O the

nmet al conpounds contai ning an alkali nmetal, conpounds of the above general
formul a wherein "B" is 0 (an oxygen aton) can include sodi um conpl ex oxi des
(sodi um zselededefrosoitie growgl corisisting of € OMachObiyand ;*x’3 6'g,umdrftf’ wbgtetent sodi um
stannate, sodiumtitanate, sodium vanadate, sodiumtungstate, etc.);

pot assi UnhgabEk GhaBind bbaRS of PAY aSHMUMdZ 'BT.at @f chapadfis Heprabitidd18Y Qhe
pot assi um chrom te, potassium nolybdate, potassium stannate, potassium

manganat e t I al i tun t i rate,

pot assi uma%%e akdg,r%g?g. ﬁpﬁ%&%@%g%pgg I{gxiq%{eeg a?fil %}ﬁ}ﬁﬁrg bg%ﬁlnag% e,
l'ithium nol ybdate,  |i.thium stannate, . et.c.).;, rubidiymconplex oxides; cesium
conpl ex oXj c'é‘jl,’e'anlli S ¥y 3§ ag‘?tlrfﬂ%t@sc?ﬁ‘pq}’é’gdp Bﬁb@ﬁrﬁi@:aﬁ%ﬁbﬁi ni ng
alkali metals wherein "B" in the above general formula includes both of the
gr oupsd of alkald metal coppoped eerpingd i1 e mataioppated corieiningianralkalionetal s bonat e,
pot assi um zirconi um car bonat e, potassium cobalt carbonate, potassiumtin
car bonat eactetss. a aamober o€ riicidsnid theT pelyeomdzhadtionpspaiutics thendlikiahii siicad kal |
netals may be hydrates to be 15 dissolved in water. Also, these can be used

al one or ﬁfmﬁotéﬁ thi PofcBhddndid of MRE SndnbRIS withlthe afdiifd A islsiRgIBNEBYsIPe used
simul taneously with tthe above-described alkali silicates. As inorganic

comountsofieh (4 A5k A ShaA: WdorBiee" TR S0l giTRLeln) e ¢
Mol ybdenup Oxlaf for diTnBRe Sareids ot B hofgantc comound Sonaied M'fie paricRELE! €Ul ar
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.); lithium 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



al um num oxi de and silica are preferable because their average particle
dianeters of the fine particles are small and their fine-dispersibility is
excellent. On the other hand, as an orggni c polymer, polyam des,

pol yur et hanes and pol yureas are preferable. The shape of the fine particles
of the organic polynmer and 10 the shape of the ultra-fine particles of the
i norgani ¢ conpound vary according to the conbination of an organic polyner.
O these conbinations, fine particles of organic polymer wherein ultra-fine
parti cl esdidfoloédiin watsl. OAlSS theyd oot bs usddedorrr @ ak achitdee of twd dinoreddfids. cl es of
organi ¢ pol yner of polyam des can be nentioned as a preferabl e node.

(Device f : i tHedichd i : } +3: devi ce
Used for SyARRagk el iy betistd Bl e RO SschB AR sitPuis
above-descri bed rs)r.oducti on_ net had IS pot. arti cu%ta{?:b I igi ted as Iong as the
device can mak&SJROBRBE) FURROURGR MERR! PXIRS TS (e geaﬁ? SoPXARIES CA) and

t he aqueous solution (B) and this can_be either a continuous system or

pr ocessedmetpl 9xidepumypanoxide, th oxidm zireompmaxide, Zic pxide, MAngangbap¥ide i n t he
aqueous solution (B) and an aliphatic 20 dicarboxylic acid dihalide is used
as a ndnonmiytdentine oxidgamingseol oxidenandAyilica ol be mgatieriedlk e Ipr patticulaay be
produced by the polycondensation. In this case, it is preferable that a

m xer hav hlmﬁliﬂmﬁtdscﬁiwnﬁfsﬂaaraiawﬁfe@érﬁ@e BecAkSE theirhverage paftiRlCdibmbteker thgel - | i ke
product and to further cause the reaction, and as an exanple of such a

i Xer, & ol ARles B ORHAPth e DR A8l is biclieyand the 1 ke can be

nment i oned e pol ycondensat1 on reacti € nmononer in the organic

solution (A wth the diamineg in the agueous sol ution (B) proceeds
sufficientty at OB bitreBee R Aslod Sesit BRimst cpolyifiet “haRbBEERE 300 o soc
Therefore, the tenperature at which the contact between the organic
sol ution Pelyueeas apherefgatdeus The shape o thefing preticlss) efcthejosganie pelymsr apdge of
tenperature of -10 to 50C. In this case, neither conpression nor

10  the 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.



deconpression is necessary. Al so, the polycondensation reaction is conpleted
in a short period of time, usually within fifteen m nutes or |ess although
this is dependent upon the kind of no grer and reaction device used.
(Process of producing an ion conductor? 10 The ion conductor of the present

i nvention can be obtained by inpregnating the fine particles of the organic
pol ynmer obtained in the above manner with an electrolytic solution. The
fine particles of the organic polyner, obtained by the above-described
process of synt ke palyogndensmiopaedctionh e$ thefmori@ndtiin tiodrgamt selutgowpwited in a
wet cake-like forminpregnated with 400 to 700% by mass of water with

respect tehd figmide 18 tREBUDLE SolhRoP (B f8cUS 30HTeidAAY Yl Rfoun® WmpdStu¥efor
cake-li ke fine particles of the organic polymer may be inpregnated with an

el ectrol ytjc salution and .t d S ituted wth

el ectrol ny%mél& l&ttbgﬁm%; otfﬁg?;[/\%mfd ?akgﬁ\éﬁgref ﬁ‘%ég%g?rﬁ%{? \é\‘!swglfht eec%}l‘bcéni o
pol ymer ggy be dried once and the dried fine particles of the organic

pol ymer mBgtwsenthe, osgug selutipn fA) apd dhe aqueony sphitien| (By itges nlesselsdn, thet ¢ he
wet cake-like fine particles of the organic 20 polyner are dried and the
fine part raigesobftemperabirgani clPotoy ¥87C.st dbl this odaseli heitheni canpressidry droogen
bonds derived from polar groups of the organic polyner, it is difficult for

the finedpasmipredsesh &f nédassady JaIss; the!poliontiensalie réhction 64 EMmbked iCa
solution and the anount of the electrolytic solution inpregnated therein

cannot be s%(?l’t k:ﬁﬁ&? of G ﬁ&%lfllg’n\%ri‘rﬂ}ﬁﬁ fiTfleh inutt ergéév%i itlﬁﬁu%l?%§ ?%?%Jeh ¢f1ne

particles e organic p are I npregnate a ctrolytic
sol ution and hgei(r‘?icfl ent is substi.t uhed with the electrolytic solution. As
an exanpl 8P8} 0?9)‘?‘*%‘?3?8%?}8{'. RYY K% i ne particles of the organic
polymer with an el ectrolytic solutiaon, a nmethod wherein the fine particles
of the or §Beress obprodyeingandorsanductetlo an el ectrol ytic sol ution prepared in

advance and filtered after 5 being dispersed adequately; a nmethod wherein an
el ect 18l yti ¢ sollbe imncondsetesofi the pragént invention can be obtained by impregnating the

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
156  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



the fine particles of the organic polynmer for inpregnating them a nethod
wherein the fornerly-contained solvent is distilled out after the fine
particles of the organic polyner are djspersed in an electrolytic solution;
or the like can be nentioned, but the nethod is not |limted to these. The
fine particles of the organic polynmer of the present invention 10 can be
made as a wet cake inpregnated with 500 to 2000% by nmass of an electrolytic
solution with respect to the fine particles of the organic polyner by only
carryi ng eidtrol@icgolhrionrand ekkisateent iCdubaitutddavigh the ebdttrobitieRelusiong the fine
particles of the organic polyner in the electrolytic solution, and
filtering themjyJdhi S, L ' e tth an

el ectrolytic so Su!t‘ﬁ%l gﬁérlﬁglggj;?e?’lgg{r?? qgfjlerﬂélg&g%%e%h%l? ﬁ)\?‘gmﬁf %ﬁgﬁ%%ﬁné

descri bed hereinafter the dispersion of. the.fine.particles of the

or gant o RovgErith a8 slecfrabfe spDipt SBElRH SHhefin cone BFrERL At e aledin ' by
using a general-purPQse stirring _tank because the fine particles of the
organi ¢ ROLYALY argr east HEe Annelgelrolytin sohgpm nseparedh i adwance andehiltereppfigler ti es
of processability of ion conductor) 20 If the fine particles of the organic
pol ymér Hseireg disperbat adeagfuatelyher methiod ehereincan elegtrolytie yolptied @assbs yhrbegle a f orm
of pulp wherein the gauge of fibers is 20 umor less and the aspect ratio

is 10 or thpfiRe paffiles dfAY ofdinee pdlPmer RESHHAEbnkiihY theth; kemethda vititkan Rper . | f

the fine particles of the organic polymer are in a formof powder, then,

LheY. oy Gobieny-CARAAEL biiNodils BRGHSE Hul fler BOARA WereTBELLEL oFrarl il

particles e organi c polyner ave the pr
fine particles of

he” or garfts SSBRSHOM o Bertpiycsatin: oF 0N His & 6 orsisped i e ebod is e
ARG LI LI AR ST L -t
P: gg Sgptl}ﬂcﬁl es of the o?/gani c 5 polyner in an electrolytic solution. )
Ther efor esanitte madaiana eves salreyimpregmabgulowithl 560 toi2Q00% 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



themw th other materials and, if an ion conductor conprising only the fine
particles of the organic polyner and the electrolytic solution is used, the
i on conductor can also function as a ? parator. (Mechanisns of inpregnation
with an electrolytic solution for develOping a property of 10 ionic
conduction) The ion conductor of the present invention can be inpregnated
with a large anount of 500 to 2000% by mass of an electrolytic solution
with respect to the fine particles of the organic polyner so that it can

al most  hamembdleessirive thoprocesssbility andtpropities dfteinyf handledleasity. olly particalat, ut i on
wherein a supporting electrolyte is dissolved. It is 15 assuned that the
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of the present 1hvention is develop em cal properties an
conformational, factors which the .f.jne particles of t or gani.c ,pol yer and
the ultras Fr’f@osf)g?ﬂl%%%n@?’ fielﬁ(é lflhoﬂﬁ(gﬂ{aén n%ﬂ’r?ﬁ"ﬁ%ﬁ?%??ﬁgdnﬁc % or gani ¢
pol ymer have. The inaqgrganic conpound in the fine particles of the organic

pol ymer hebsaiged by filtering grersohition nipratedby dispersingdhs Gne partiglss ok thetosganks,

silica, netal oxides, netal hydroxides, netal carbonates, etc. Al so, the
cont erfit opolytner iman glactralytiosplationl | Thdrefphe, dsisi unnesessare po esmpowd asmP0 t o 80%
by mass. Furthernore, the inorganic conpound is made up of ultra-fine

parti cl esthéfosith ouRE atiterd 4nd ifartiodBh@dhctbScortRisiip &ily kigsfine pditiadslpt i on,
because the organic polymer is also in a formof fine particles, the 19

ultra-fi J: r ' 0, r I kel.y t r 8S¢€ not

I nsi de tE@egbrq %%?b@@gﬁry&ﬁgfmguc?&?ﬁﬁgﬁeéo‘gﬁﬁp a%e"%g{i’ litf'%el}%? ic(ralléagzztadr}ttfedgl ag:téo of the
organic p&lg%mer. | f th? fine particles of the inorganic conpound on a
nanomet er VEERILAS R FFRAIAT  f ace area per unit mass is quite large, are

present on the surface of the fipe particles of the organic 5 polyner, then

t he surf a@deqhapisms f imprpgpatigiwith anglectiphitisiselutign der ¢yelapings pepedy pk
10  1ionic conduction)

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 particies 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 ultra-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



I nparted. Also, it is thought 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 electrolytic solution because t ultra-fine particles of the

i norgani ¢ conpound present on the surtace forma gap filled with the

el ectrolytic solution between the fine particles of the 10 organic polyner.
Thus, since the ion conductor of the present invention can be inpregnated
with nost polar solvents such as water, polar solvents used in the

el ect r ol ylilua-fired phrticies of the Redanid patyhedare Akely, to dé@ieseht dididngidnthetirgamid on of

t he supporting electrolyte in the electrolytic solution is increased, the

abi ity ! Qoibet BRI 687AE Sehiile!dt 8 loOSiaky bf HSBleHiib GRiiRen 2Nl fird

affected.” I'h order to make the anount” of the electrolytitc solution

I npregnat ed..l.ar by. increasin he specif] (face ar t he aver.age
part i ol o Bptsiet 8F ofinp A6l AP 88 a3BRGincleE st e s il pBIENRG 1 5
preferably 300 rimor |ess, and nore pre eraggﬁ 5100 nmor |less. Al so, the
content ofMaghes ARiG Jarge.nae prsent oasthgrsuriaee jof dhe dwecpartisls® 9f dho ®reamIg he
organi c polyner is preferably 40% by mass or nore, and nore preferably 60%
by ndss polymer,eheithe sunfasepbacoing dargerf andhe lpgh yaffemityovithhpolar edeents imvent i on
can include 80% by nmass of them (Specific surface area) The

above- desiipdered. MaddwNY iS thadight that e adel Riftidles SR LEk pylytRe chBivethat 20
the specific surface area neasured by the BET multi-point method increases

the i nor BPEtE Sub by tREThe AnCARLAY NI LE: dridhAe pr IR ORHTmES ©
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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



particle diameter of the ultra-fine particles of the inorganic conpound
becone quite fine as about 10 run. Furthernore, Observation by transm ssion
el ectron mcroscopy (TEM revealed that a network structure was fornmed
wherein the fine particles of the inofganic conpound |inked in part.
Because of this structure, the fine particles of the 10 organic pol yner have
a large specific surface area of 50 to 150 nR/g and are abele to have a

hi gher capability to be inpregnated with an electrolytic solution. It is

pr ef er abl t;ﬂ;@&ﬁtc ArfE Sk PRl i ybglg dﬁﬁg?@%ﬁﬁgjoﬂﬁ’m lo% ?'ﬁc?éa!g@{' ofll 30

pol yurea. "ThI's’i’s because an am ne bon uréa bond” present
in the polyner nmakes |t possible include the fine particles of the

i nor gani c ’Bﬁﬁdéﬂdﬁﬁwwh?fbH‘fé"’ﬁ%&"é&‘eé’?‘ﬁ'ﬁpﬁ pasictes Ogéhfgmo’@awecm@fmg t hat
it is possible for the fine particle of the polyner to be inpregnated with

much nor eingluled rinithe ifipe pattidlésorl, theuganic pelyoreyanireases Ifyome 20%ohy erdss 4d so
contributes to the property of inpregnation with an electrolytic solution,
but it isgowngsshdl e to be inpregnated with a large volune of the
electrolytic solution based only on the affinity of the organic 20 pol yner.
When, in the abgve: i p hesi 44 f . tiele f
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i ncludi ng na . iporganic,conpound were synthesi zed by usi caustj c_.soda

| nst ead opahgtediamelgr piihe qlittink martiriey OLie Morednit sptpounddbleoe Apks e os of
the organic polyner indicated a specific surface area neasured by the BET
met hod of a3 eébeutt Afnnm. ndjuthemraret Rbservation by 1traggmissien elestron omiar¢ssopyl ut i on
i npregnated therein represented a very | ow value although the fine

pﬁrt i cl es(TEMY hevealegahatca pedworle struttue wis fodmel avlivreih the fiae partishe aifshe of
this, in the ion conductor of the present invention, the conbination of the

or gani ¢ PalokgHRtc bdinfourRlIBEd Of phit" BB 6f B ARTtLBENE TEGARIdesc@TROUNd | 1

a state of ultra-fine particles 5 included therein is inportant. The organic
pol ynes hgl\'/g'aﬂg I?Ol)%ggl‘c sz'eCa alfg[ef gpce%ifﬁ:r Siffface area of 50 to 150 m’/g and are abele to

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



measured by the BET nethod of 30 mi/g or nore provides an ion conductor that
can satisfy the object of the present invention. The ion conductivity of
the ion conductor of the present invention varies wdely with the anmount of
el éctrolytic solution inpregnated int&lthe organic polyner 10 and the ion
conductivity thereof, but can achieve 1 x 10-' S/cmor nore; nore preferably
2 x 10" S/Icmor nore; nost preferably 5 x 10' S/cmor nore. (Mechanical and
thermal properties) In conventional ion conductors made by using pol ynmer gel

el ectrol i . gg@‘t! Ll Lk ] f.the
menbr anest g%hégtgmté gcsfciﬂé'{'l( y"ﬁﬁh C éclpg-!e}e% r%géggggegr%/bﬁqég&%éﬁ E@w%gh
short-circulit when us as a, separator, .heat_ resi.stance, etc. d a high

i on condetins Rapt 56 Siaapia taner Wigdn i forp At dbeTes Bsraushol dhgani ¢
polymer of the present invention can have high heat resistance because the
fine par theabmsonductdrefithe prgaeritdnventipn.thel combimation of theeorganig polymepan ger . For
exanpl e, when the organic polyner is a polyam de, the 20 inorganic conpound

is silicganef fine paeidlen andfiths iihdrghi¢ TobPaly ifas statet SR uftiaBnd partticekes  of
organi ¢ pol yner do not change in physical properties at 300C or |ess. The

ion g£on KA 8 N ' ﬁ%‘rﬁé : ' ' LS with a
pol aré:soﬂ*\;g}nt i@érea s%%?é@%e@gsm&%%ﬁ? S ectrn%?%vlﬁ%édt %ﬁ%ﬁ%. 5‘?’ ol vent
resistance and, repetition durability) 22 In addition, the fine particles of
he. or gaeesiet prafe BET Regiad in ik mems pretien af o peuctr uffean
resi stance, For exanple, when the organic polynmer is a polyam de and the
i nor gani satisbhihe ehiect ef e present ipventiohne particl es of organic polyner are
very stable against liquid solutions excluding cresols, which can dissolve 5
pol yam des, an®hstiowrgndhdtaity oOkhet iomneondabioe lofcthe phesenolineensiohi waies
Therefore, even
widely with the amount of electrolytic solution impregnated into the organic polymer
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)



strong acid solutions in which hydrochloric acid, sulfuric acid, and nitric
acid dissolve can be used as an electrolytic solution. A so, when the ion
conductor of the present invention is used as a naterial for an

el ectrocheni cal apparatus such as a s@ondary battery, an electric double

| ayer capacitor, etc., or an el ectrochem cal display apparatus, 10 it hardly
deteriorates even if charging and di scharging, or coloring and decol oring
are repeated. The ion conductor of the present invention is characterized

in that it Ca”h’i’%dm‘tiéﬂdth@'fﬁﬂ?ari'ﬁwwfhe SRk '&Q%@?&g{fﬁlﬁé gre%b&ﬁhné&ti%nb' ndi ng

agent, a w de varlety of ins, etc nay be i anong ot hers,
t he pur pgse of shaped into a

h h of d
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properties, (Electronically, insulating. ropertl es) The ion conduct or of the
present DPelamideand fi¢ ipergasisrompornd ds ieq.ohg fimeinarticles efoprganic polyarera
separator of electric double |ayer capacitors. In this case, as it is 20
necessar yard overy hgtable nagatmst utiquid sclutiense eablrdingortesals] ywhiok utat idigolve
properties, it is preferable that electron-conductive materials are not used

in the ongRAMIdRY Iaﬁm&oﬁmmaulhﬁammfsgmax eRBRYAYe Wicah TRERTIE eehne
particles of organic polymer. If tin oxide or the |ike which has el ectron

conduct | gs;rgx g 435 oS i RnlghO AR Fori QRO Bk iy GRRL 80K digiollea: 1

about 60 or nore presen

However , eri a s of i norgan ds ot he than h| S dly have
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the organic polyner is any one of a polyam de, polyurethane, and pol yurea,
they haieventionlipesedoas 8 onateniali for ry elentrothemicalnapperadus sush asain serongargf er abl y
used as an 5 electrolyte for batteries or a separator for an electric double
| ayer capagtetypin electric double layer 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



(Medium for an el ectrochem cal display device) The ion conductor of the
present invention can be favorably used as a nedium for an el ectrochemn cal
di spl ay device. More specifically, the ion conductor of the present
invention is a material that has excelPent ion conductivity, electronically
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
device with excellent coloring and decol oring properties involved with an

el ect r oc gt {BeOPrebd®! HBWRIER MatePiBef i8BizafR Hohfdlndbther tHafSPONSE
speed, etc.) calrtlfgrg@pr%grgced. The besta merit o?ltga rredihggrsﬁfor a reflective
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ext ended_use, because, anong .ot her thfi ngsi, it hardly tires _the eyes; the
screen f EVeifdhe aragnicmolBpeTdhameane oapeliride: PAlRaFthons. and aplynregnthey s not

i nci dent upon the eyes. How a natural and soft whiteness resulting from

| i ght schetenprajectiomi cdndustiviho sad tthe tivre condugtorofan biprefexablyensedi as gener at ed
is critical for the purpose of developing this nmerit. 20 The ion conduct or

of the pereeslytd foy BatdridE of @ RefiRatuSRA an eleatrithticuBleTagkréapaditari Ng the texture
of paper, that can be described as a nediumfor a paper-white display

devi ce. L6 eldcREc R IW, i ned Patent Application, Publication
No. H14ﬁglr§§§§; desgreitcﬁecs anééell(azg]t och?ég?rati c display device conprising a
| ayer of polyger.solid electrolytes which includes a white-coloring agent
Suoh a1 fant G i euSter b Ay e tsg Hecio Sl isof pf 8 ettt o <
whi ch changes col or. during an el ectrochem cal oxidation-reduction reaction;
and an eff@rctn glespochamisal dislpy dgvigeyi More wpegibicallya theajaay cerrdugter yafethesol i d
el ectrolyte which includes a white-coloring agent of titanium oxide, etc.
and a cobpossente unlentiomds axgamiterid] that dias | owellénd phacadlubivitye exlediromioatiy r odes.
However, in this method, a white pignent is used, so that its clarity and
10  insulating properties, elasticity, and heat resistance and, therefore, it can be used as a
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,



texture are quite different from paper. Al so, the white pignent nust be
added in a large anount in order to obtain sufficient white-coloring.
However, if the white pignent is included in 20% by nass or nore, it
aggregat es, and does not contribute t#? the ionic conduction, and,
furthernore, the ion conductivity becomes inferior. 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

pol yner igy theelikey ehdfa flaf@r 8f polEnéOMmat&tnéushioh fankée cBIoRSiing RYENt i ON
can be used as a display nedi um whose degree of whiteness is very high and
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el ectrochem ca evi ce ose clari y an Xxture Is te close to

aper . chani sm of i.te-col.orin (of ) nent ecies of .organic polyner
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conductor is preferably a pol yam de, polyurethane or polyurea. Mreover, it
i s pref ertd@niomt eride.t ¢te. and aoeglanilevelnpingragenianie metal dons i alased dgtwesm in its
pol ymer chai ns because, if the degree of whiteness is high, then, the

contr st dletrodesat Hdweeveet, i this methed,i anghlte piyiment s gheds co tthatits diaigraaldl e
clarity can be established. For this reason, an aliphatic polyam de,

pol yur et h@ﬂﬁretaﬁg A ydiﬁ@ﬁnaﬁ%nppsﬁxﬁr aRisy, HReHhitd gi@%ﬁirﬁﬁ& Be: added )

conductor 1n rmof a shee ose appearance 1s 25 simlar to paper

and whose _capacity .to be inmpregnated . .wi.th,an el ectrolytic solution.is high
oan bo_onPErraot iy wls o MRt BnifeFoBRE CHbbkies ol Wik, &

formof fibers whose b_reagth is 20 pin qr less and V\/gose aspect ratio is 10
or nore iMement ismedyded 0% By mass ShINgEy 1hsaresgates, png doesarnt cppEiRledot he i on

conductor has random S micro-irregularities and gaps filled with the
el ect r ol ythe ciosis! gpndustion, iand, surtherowrenthe ion conductivity becomes inferior.

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

15  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



inside, incident light scatters in every direction at the interface between
the inpregnating electrolytic solution and the particles of the polyner.
Because this is a mechanismof white-coloring simlar to paper and

whi't eness close to paper can be estaBPished, this nethod is preferably used
in particular. By including a 10 col or-devel opi ng agent whi ch changes col or
by an el ectrochem cal oxidation-reduction reaction in the electrolytic
solution inpregnated into the fine particles of the organic polyner at this

tinme, di §Hliﬁyit@%a§ef AnGwiiRe 3ha :@qlo%' m{pﬁgﬁﬁﬁédomtmn%%%l e RnrpRes-|ike

background can be done. In particular, the 1on conductor of the present

i nventiop. can_,be .nreferabl.y used.as.a nedium for an el.ectrochem cal. di spl ay
devi ce by sﬁaﬁgb ead%%lngcgF’Srcil%)éi{lsélf‘%g]en%neaﬁgf FEMF8FS%°\/%?I¥F‘ST i}] Eﬁﬁ%é’t col or
by an el ectrochem cal . qxi dation-reduction reaction. (Mechani sm of
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i norgani ¢ conpound whi ch present transparent or white color, are preferably
used as eletteolyti¢ solution handr by ifiltetingabernn Bbeauké e par tomduewr dfas r2fddnne
organi ¢ pol yner because they can enhance the degree of whiteness of the

di splay meeblUfegiarifesa il eapPTilled Ghithahe leelrslytis isblidn & We suEt4hde,

zi rconium oxi de, zinc oxide, tin oxide, etc. can be nmentioned. Because
zirconiu [ . 71 NG: QX d:ti [ : e '
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the ion 26 conductor of.th rese inventio th can_contrihute to
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devel op a hjigh degree of whiteness by suitably scattering |ight between the
organi c pwrhanism ofy whitezcalgring shdilargto panes tand| yhitenesoclese ¢o pgpfacaiebe he i ndex
of refractionis large in that it is 2 or nore. 5 On the other hand, in the
fine par titablishedf thise noothahi & poéferably olsedi medpiayictlae By including a

10  color-developing agent which changes color by an electrochemical oxidation-reduction
reaction in the electrolytic solution impregnated into the fine particies 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

156  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




above-descri bed process for synthesizing fine particles of organic polyner,
wherein the inorganic conpound is silica or alum num oxide, it has been
found by transm ssion electron mcroscopy (TEM observation that the
ultra-fine particles of the inorgani c“®conpound are very fine in that the
particle dianmeter is about 10 nmand that each of the 10 ultra-fine
particles of the inorganic conpound can forma network structure. In this
case, if the size of the entire network forned by the ultra-fine particles
of the igagddemt Cof ARMBRUAHE RREAYS Ry alant Sorffibltadr e imprdgAatidAe wiV gk engt h of
visible light, the scattering of visible light occurs wth high frequency

at a ver i ace td{,% flne i f . i ol.ymer, and
a very hi&aﬁbg greéeahg#ofn\'/\hi%fegé’ess cé:hﬂbsel&?lgﬁg}éeﬁlg% flgvetl{lﬁ]e%f i%@ii%e%aro i cles of
the organj¢c polynmer. Therefare,, hese are preferably used., (Electyrolytic
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changes color due to an electrochemni cal oxidation-reduction reaction to the
el ect r ol gle¢toolgiad salivdon beseuseithe inldex pbrefraciondisdarge imthat Hés poeswnt. i nventi on,

t he ion conductor can be used as a nediumfor a 20 display device. The

col ors devel opi 0f theether had, kethei filkgiaradle L6 0B iopg @i Pelyih@r 6btain@d thglthe onpound.
(Organi ¢ conpound- based col or-devel opi ng agent) As typical exanples of

organic [¢ - Il cg&e&t QW - npounds
and | euco y31$9%§°§3 egcrfcg%tf(ﬁg e eg%x\ﬁgrrfgﬂggs%ﬂé 27 03‘5?1?%??1@ Bds‘g%égigrrtrﬁ)gunds can
i ncl ude red-col or-devel opi.;ag conpounds sueh . nt hraqui,none, . .

2" met hy! SRTERPIE, Eomesnd 5 5beh, B0 ATSRIUE didte i Pas Pessy RRd o Mt

pur pl e- cal or - devel opi ng_conpounds such as di hydr oxyant hr aquj ngne, .

1, 5- di chflestEaniHsrascaPy &My, absesvation) that theydtigpinegPatrlss @hdie mprganie 5

ant hr aqui none- 2- suf onat e; green-col or-devel opi ng conpounds such as
compound are very fine in that the particle diameter is about 10 nm and that each of the

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




benzant hr aqui none; and the |i ke or organic quinones that are derivatives
thereof. These organi c qui nones generate a condition of coloring
characteristic of each conpound by applying driving voltage on el ectrodes.
Al so, exanples of |leuco dyes can incfude black | euco dyes such as

2- am no- 6-di et hyl am no- 3-net hyl fl uorane, etc.; 10 blue | 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 | uorane, etc;

3- cycl ohquiydrarbased Geodipomngs | ¢2ar amdudeoradv@slor-developing compounds such as

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

2-anili = Ghh3 lam A, r 3L-Q§jylﬁj i ng
agent ugﬁgﬁiaﬂlhtﬁ l;elg’/pzrz?'g@segﬁ{l I nv nt(in(()% ?@%%m@ﬁn% %egﬁb‘t&gidt nés cgglf;unds.
(Metal co und- based col or-devel opi ng agent) It is,.known that nmetal ions
deposi t %%I%acé’goéf%ﬁglgpﬁl or c@ﬁlpé’luggsf rod@"gc%if t"}’?ey aqﬂy(ﬁ%’fy %qull@}“\’:educed in
an electrolytic solution. Exanples of such netal ions can include ions such
as si | veb)-dishdorganthraguimene; i yeMowrlasdelslePing  k e FOMRRYNAS Theshar ea90

ioni zed by dissolving halides, sulfites, sulfates, nitrate, perhal ogenates,
et c. Sof drilraquinomt-2dsefanatean egeeticoloyideeelepingt i omompdundse elsachirol i c
solution can be used as a col or-devel opi ng agent. For exanple, if an

el ect r ol pednizEntERginbAE WHETRE NMikad 6f lo¥@hic (RPN AhitSadi 8&Dlavieek itiferstFed, a
reduction reaction of Ag" + e- -. Ag occurs at a cathode when the driving

vol t age 4 PRl C n ] . -1 8l e
changes ’W)esgl ‘gllghﬁgeggggé&oéggﬂgédgpg%%{ﬁ%f LH&IJ%W% %ﬂeégagr?%s%% (tgllfltgl‘;&ij
above-descri beq .netal,. bi simuth d silver, are e preferab used because
fhese. aretuand Ly pittying sime wilhee i SBfwRlsS: RIS, Balroph 1S et on
and, futhernore, the colors of the deposits are deep, and their reversible
r eact i oneanoinclugde dMlackglerer) dyesc shobr asndraming-6-diethyaminas3 -metsdflueraes etéviet al i ons
may be used alone or as a m xture of two or

10  blue leuco dyes such as 3,3-bis(4-dimethyl-aminophenyl)-6-dimethylaminophthalide,

etc; red leuco dyes such as  9-diethylaminobenzofluorane, etc;
3-cyclohexylamino-6-chiorofluorane (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' + & — Ag occurs at a

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




nore. Wth regard to the netal conpounds which can be sources of netal ions,
exanpl es of silver conpounds can include silver perchlorate, siliver
chlorate, silver acetate, silver bropmte, silver iodate, silver carbonate,
sil'ver oxide, silver sulfate, silver 4 sulfide, silver nitrate, silver
nitrite, etc. in addition to silver halides (silver chloride, silver

brom de, silver iodide, etc.). Also, exanples of bisnuth conpounds can

i nclude bisnmuth oxide, bisnuth hydroxide, bisnmuth oxychloride, bismuth

oxyper chéjestfide, chdtg8stbhbRYY Shchdecof he Mebbsit Wif Abe, Witk Megirdst fhgle,
bi snuth nitrate, bismuth phosphate, etc. in addition to bisnuth halides

(bi smut hg e%egg%ed%étgptbliﬁk th rﬂngpsilv%t ehor%?ré%‘reagl @s%daotégé{ge ese are

col ori ng-decaol oring conmpounds ar e "used, necessary to select a solvent
and a supporting electrolyte suitable for each col.orin nt as the best
mat er i al AMOSh TEREPAFSg ERRAEERTC AN ARCEIRRELER SORIER N NIIEmPT e of
refraction of the organic polynmer is usually approximtely 1.5, but the
degr ee otolotsiaf dheedepodiés arealges.rapchthéif teversibdareactionspfiselosimgsind deepdering  usi ng
an electrolytic solution wherein the difference 20 between the index of

refracti g faberablel ash, ttheyei metakionk maf baakddalogé or e omiattteCof ™l yier is
large. This is so that a display nediumwhich has clarity and texture cl ose
to that gfrpaper can be produced. Therefore, a solvent whose degree of
refraction is preferably 1.40 or less, and nore preferably 1.38 or less is

(acetoni t11 1o, WiofsgaRt By el Belfbofpobfafibicl Sah 8 PSR ot kbl a8

acot at eSSBS Of bven S Spy sk B RerRIgraeg flivey SbFUS THeF eof can
be nentioned. Moreover, for the purpose of inproving the reversibility of
col or i ngawttate | svembromated dilvérviedats,stivetasarkomatex sidredrioxnde; eidives tsillfate astlvet er at or,
buffer materials, pH adjustor, gloss 5 agent, etc. may be used.
10  sulfide, silver nitrate, silver nitrite, etc. in addition to silver halides (silver chloride,
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, etc.).
15 When the above coloring-decoloring compounds are used, it is necessary to
select a solvent and a supporting electrolyte 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 thereof 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



Wth regard to the nethod for producing a nediumfor a display device of the
present invention, an organic or inorganic coloring agent may be dissol ved
beforehand in the electrolytic solution used in the process of inpregnating
with an electrolytic solution for prdducing the ion conductor. Except for
this difference, the production of 10 the ion conductor is the sane as the
af orenenti oned enbodi nents. (D splay device) An el ectrochem cal display

devi ce can be produced fromtwo el ectrode plates, the ion conductor of the

present iRiARhHRBHAHGC SRRRLUBEILI! NehckiikyRlcalats), isappyREIshA! &c ) Wikah can

reversi bl'y change col or by an el ectrochem cal oxidati on-reduction reaction

15 cause [ i uet | i e | on i.spl .devj ces

wner o n- CRERR IR BRI FoBRRy | RelsE shk o OB fror T R B RHER T o e can
be nentioned. The el ectrochem cal _display device of the first system is an
el ect r ocheni caMgQysh49r @s@mwmrﬁmaéhwgﬂbm (’gﬁf’l@ﬁngé\?éﬁ’lg%&y change
color by an el ectrochem cal oxidation-reduction reaction are included in the
ion 20 addiives such dfhag oxadatipguediction acfelaratos beffecmaterhlenpld adjuditeri glessi s shown
in Figure 1. Assuming that the upper side of Figure 1 is a screen of the

di spl sy, ageﬁ@aegﬁgﬁbéugdae ion conductor of the present invention (an

el ectrolytic solution containing a coloring agent is used therein); 2

represents a t e pasnanty HUORUEA! for ShodleRica mbiRR R iy dedted BRIRSCNt S

30 transparent e epresents a ter electrode; 5
represents a . sealing nediu and 6 represents couynter suhstrate. .The

Gl bot o HERRBLIARIAIY ) crkapie.o BPreanis SR PEE PR IR i B e cal

di spl ay device wherein the nmaterjals which reversibly change color by an 5
el ect r ocHBrhe slecgelyiist sobpioneusedt inothe rEaesss o imprognatios Mot de\elactioliig | ayer

set on the
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



pl ates of electrodes. In this case, it is unnecessary for the electrolytic
solution inpregnated into the 1ion conductor to include the materials which
reversi bly change color by an electrochem cal oxidation-reduction reaction.
The configuration of this 10 el ectrocPfnical 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 represents a
transparent electrode of ITO etc.; 4 represents a counter electrode; 5

r epr esenfrsnspareBie kicbfod® df UTD, Gtd. enr RpRIB&Es B COMNECEIcotidtRE IRT&resbnfsePr €SENL S
a color-devel oping | ayer whi ch changes col or by an el ectrocheni cal

oxi dat i ogé QHI%PiLI?l{] a}lli_iérr Eén?@ac@tﬂ&r%uﬁ&ﬁ'i@sems an ion conductor (an
?Lifte“n")y i % C?Re el.ect rode ??é‘deéﬁ' o Pﬁeage“t ent . mvent or

i us i S i nyenti
whtch 151 Soar LbF SRorbicalaplay dsicB of Ui uh S oM Bobt Farihee
exanpl es of el ectrode plates, those formed on 20 the substrates by shapl ng
| TO (i nodisplay i devigé dwﬁeremroh@annatemty whirbd reversibli deangerceolpr i by os de), ZO
(zinc oxide), 1ZO (indium zinc oxide), FTO (fluorine-doped tin oxide), etc.
(whi gh aglectvdcliemicall sRidlatién-pedaseor Yeacidn fsrnira rdol srrdedlelopidpelugedr, set bnithe not
al ways necessary for the counter electrode to be transparent. Therefore,

el ectrocﬂg{%gfgjeg (%jsabl e metals such as platinum gold, silver, copper,
bi smut h Fadium etc. and 31 carbon materials can be al so used.
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electrochemical oxidation-reduction 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




For exanple, a plastic sheet of polyethylene terephthal ate, polyester,

pol ycarbonate, etc., a glass board, and the |Iike can be nentioned. In the
case of the substrate material used on the side opposite to the screen, its
transnissibility of |ight does not ne¥d to be high. (Sealing nediun) 10 The
sealing nmedium5 is used in order to prevent penetration of water, oxygen,
or carbon dioxide present in the air into the nedium11 for the

el ectrochem cal display device in addition to naintaining a gap between

el ect r od@shoAHatefisls cRXBIMLkEusdgesi Nns (an epoxy resin and acryl resin, etc.)
and the |ike which can be hardened by heat, ultraviolet radiation, etc. and

have a Ler .property can be nentioned. 15 (Col or-devel opi ng | ayer
whi ch cggﬁg%g&{:%m%PQ%y an el ectrochem cal oxidation or reduction reaction)

As shown in Figure 2, the preseni,invention can.also provide a display

v cowhor el iHeubias MRGHAT St i A paFse g it g PRI B

el ectrochem cal oxidation or reduction reaction is placed in contact with
an el ectasderg asihesurfaceoniothe deaterialp used aothe sowsen dnsmemhnigdiantsissthiliey or gani ¢
conpounds and netal compounds. As exanples of organic conmpounds conpri sing
t he ol wf-lighy & liphand thy @bovedddsyibed elettesdeadan teleh onshe subktydty hiatdrinl,

pol yani |l i ne, pol yazul ene, pol ythi ophene, polyindol e, polycarbazole, etc.

can be rm?eix&ﬁg ;aBlé%ticpﬁ{e)épﬁf}gvcﬁ&&hﬁl%n@{e?{;%g?a@étéf, pitRaiebSofkamohkie, ol or of

the precipitat IS deep an he reversi redaction of coloring and

decol oring._i xcel |y ant, Al as .32 ,ex | Of¢ 4 NQK LC._conpounds
conpr 1 si e ReRE ) Btk tahibe Ao TRe R Pr A SEARR B AE® ¢ o
Cr203, W02, CoO I1rQ2, etc. can be nentigned,. ln this syst it is
necessardft tﬁsﬁﬁg REPRSHEAP ﬂtfe%?éqeapi%ar}say%ﬁlblﬁw@’rl hdeesdot Beedtp ﬁghsahd

decoloring will occur, to be fornmed on the transparent el ectrode, which is
one of t(Bealhgehediumpdes on the substrate. Wien organic compounds are used as
t he

10 The sealing medium 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.

15  (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, polyazulene, 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




col or-devel opi ng | ayer, a nenbrane of the |ayer can be nmade on the
transparent electrode by electrolytically or chemcally pol ynerizing
nmononer materials for the above- desqglbed pol ymer conpounds. When the netal
conpounds are used, the nenbrane can %e made by usi ng known net hods such as
vacuum deposition, nethod of 10 el ectron beam vacuum deposition, sputtering
met hod, etc. Also, a display device that is the sane as Figure 2 can be
produced by coating the transparent electrode with a coating |iquid or

gel - | i kexpmplts of inospatie compiendsabopeisimgrihe osledderehming layer, iWiOs,gdo0s,

col or-devel oping materials are mxed into binding resins with a supporting

el ectr ol AHOSOTNBNINIOL Trhhi, SMEBSLCoONBObD O LR bEGYSItRRENY InakRr can be
pl aced by using a coafing nmethdd, spin coati ng, etc. (Electrochem cal

dovi ce) RchS, B SE8leah MG (ho o e EhSEHE RIS Rkl ! SRy £ 21 b

pr oduce wer supp fcu ccordi ng
to necessity, alln | ayer, or the |ike to t e_displ devi ce
shown i flepPIgTing g will oyt to e puied gn dhe irapsparent ﬁleeg?%ev}a& 5 oRhel Beesent
invention is not limted to a d| | ay device and it can be used suitably as
a maber icddctibdes edm c theocéubairatel gesorgatic campausdc oardarusedans ethe, an

el ectric double layer capaci tor a solar battery, and the |ike. Exanples 33

Her ei nafdoRirdevélopRieresl d MEDRBTRG of Shé UsyeretandBemnader ah ele Diyaridparagt
exanples. The term"part"” represents "part by mass" unl ess stated otherw se.
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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 1on 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




to 81.1 parts of ion-exchanged water. These were stirred for fifteen m nutes
at 25C and a uniform and transparent aqueous solution (B) was obtai ned.
This solution (B) 10 was put in a blender (produced by Gsterizer Conpany) at
roomtenperature, and an organic sol33t i on (A) wherein 2.49 parts of adi poyl
chloride were dissolved in 44.4 parts of toluene was added dropw se for
twenty seconds while mxing at 10000 revolutions per mnute. The produced
gel-like material was crushed with a spatula and further m xed at 10000

revol utions pefer&fnffdretheQPrededl tiveR8EP N furthtP BedhbRSfatdd Kyeuaﬁgtéu% pits. obtai ned
by this procedure was dispersed in a solution, and the 'solution was filtered

onder PRSP HpRsl Tl ety SiBRRalgose pere Size pas & m by

filter was dispersed in 100 parts of nmethanol. A process of washing was
carried out by stirring this with a stirrer for thirty mnutes and by

filtering under reduced pressure. 20 Successively, the same washing
proceduréﬂmls_mm lout by using 100 parts of distilled water and a pure
white wet cake (wet cake (1)) of fine particles of organic polyner

(si | bca/(ponthedis offine partitlas of srganidpelymenps obtai ned by filtering under
reduced pressure 34 Synthesis Exanple 2 (Synthesis of fine particles of

or gani c oxr [gg&yrﬁ&r E@g}m&o&ymgrgaggl%a@oqﬁd Sqqq@ i norgani ¢ conpound:

aIumnu té wet ca t cake ( )) of fine particles of

SL?Z?Lédpﬁ'yyﬁf%rmfshoef“f;‘aﬁ”né‘mnﬁﬁb%%ﬁ%°agéﬂé’ P EhBE AR AR gl o

that a uni form and tran;g@rent aquegus sol ut 086( )ﬁﬁObt ai ned by adding 1.58
parts ofto Blel BRtehoResahanegd dvasero 6 Thener wersrstined dpr Aftaenmimeat 30 8a Al 203
nolar ratio=1.13) to 81.1 parts of ion-exchanged water

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,




and by stirring these for fifteen mnutes at roomtenperature was used. 10
Synthesis Exanple 3 (Synthesis of fine particles of organic polyner)

(organi c polymer: polyam de, and inorganic conpound: zirconium oxide) A pure
white wet cake (wet cake (3)) of fine 4ioarticles of organic polynmer 15

(zi rconi um oxi de/ pol yam de) contai ning water 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 parSyntidsis Painggdepum zi rconi um car bonate (K2[ Zr (OH) 2(C3B)2]) to 38.5
parts of 1on-exchanged water and by stirring these was used. 20 Synthesis

Exanpl e : i : Lsle Q{ﬁ&‘r. i ng no inorganic conpound) A pale
yel | ow V\&S@E%pﬁ\et a ge%%ﬁ&%gwgo yarr?de, cont ai ni ng water but no
uItra-fi@e agarti cles o im‘ge;gg&ﬂ C corEpound ;slobt ai nedd way of the sane
pr ocedur'QLEagEs POlEnET: pelyAmy BREAN MR EA PR ¥HYueous sol ution (B)
wherein 1.18 parts of = sodi um hydroxi de_was added jnstead of water glass #3
was used. The dHwuss mditer welecakgr (et | cake d2) orighing Pagsislesnafr organie podngtzed by
the following nethods. 5 (Method of neasuring the inorganic conpound

cont ént (ehstinomnbride/pplyEmide) o totthming: tvataak @ss afbtdinetk bgawhy alfethe ofanmer gani c

pol ymer was conpletely dried and precisely weighed (mass of fine particle

of or ganhechkss R ih S is ERanpSlE QaBi@pt At ¥ IifosA HnaNtandpireOigRkAlse! y bur nt
of f by baking at 600C for three hours, the nass

solution (B) obtained by adding 1.58 parts of 1,6-diaminohexane and 2.26 parts of

sodium aluminate (Na20/Ai203 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

Svynthesis 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




after baking was neasured and consi dered the mass of ash (= nmass of

i norgani ¢ 10 conpound). The inorganic conpound content was cal cul ated by
using the following formula. |Inorganic conpound content (% by mass) = (mass
of ash/mass of fine particles of org@anic polynmer) x 100 15 (Measurenent of
the particle diameter of ultra-fine particles of an inorganic conpound in
fine particles of an organic polyner and observation of their dispersion) A
thin section of fine particles of an organic polynmer about 1 mmthick was

obt ai ned by Jheat -.pressi the fi articles .of t Qr gani ol yner. for two
our s a0 1 SIERE raminka) tsery A A paepr oiBhirt 08, HERH TIB TR i wes
made fromthis 20 by using a mcrotone. The obtained slice was observed by a

transmi $edigm hyideeidéyyas ﬂd‘%ﬁd&%@ﬂﬁ‘é’fmé%éﬁ,wﬁﬁr%%ced by JEQL Ltd.). It was

observed that the inorganic conmpounds seen as a dark inmage were finely

di spersed i n bheghtaireddam partiged yhenganic polymer vére epalgzedritysthafolloweige by t he
transm ssion el ectron mcroscope of fine particles of the organic polyner
(silicahpghomgm de). 36 Next, the breadths and | engths of one hundred
particles of the inorganic conpound were neasured based on the inage

bt aj LSS{.00; ' d thei ithmeti
aver Sgo CYSHERE df oL S0 C L RO NRREBERRMGARE. LT T T the T ne
particles of

or.gani c . po] yme silical polyam de it was observed that
silica, whichERER of flg Nt ook Bﬁ%rpéﬂ?ieép%fldg%awaﬁﬂm’efwaﬁ FORBIEIT] a o y
(i.e., three-dinensionally), fornmed a network and was finely dispersed in
pol yani geied ppd Pf?élsﬁliyr}éelé@f{ (mse of Bre particlsrof argasicousilyimen), thelaltﬁqwngalm
oxi del pol yam de), it was observed that al um num oxi de, which was found to
‘have a pbbimdrapnfeot wasbampletely bumnt off dlyi Haking af 600°@ for thwe hdursptieimasal | y) ,
formed a network and was finely dispersed in fine particles of the
pol yam deter Bakinpewsd hasiied thndl fodshiRrdd B4R RALS €| B8R ©f mass of inorganic
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 { 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).




the organic polymer (zirconium oxide/ pol yam de), each of the particles of
zirconium oxi de was about 150 nm and was i ndependently di spersed.
(Preparation of an electrolytic soluggon containing a col or-devel opi ng agent
and supporting electrolyte) An agueous electrolytic solution and an organic
el ectrolytic solution were prepared by the follow ng nethods. Preparation
Exanpl e 1: aqueous electrolytic solution (col or-devel opi ng agent: bisnuth)
An electrolytic solution (1) conprising 20.0 g of water as a solvent, 0.54 g

of  bisnuth oxyRetkdbesdMCnd ez A Ohe REMRUGRIREs 39U inorBarftd cénfthind 60% by
mass sol ution of perchloric acid as a supporting electrolyte and 0.28 g of

hydr oqui RQE GheRsiredl YaGiUsH the ftnagde GoBifRl Hoh@e aERlissIRSe1ELBR ﬂ{i&gsco%)t' lafd
el ectrolytic solution was transparent and uniform wherein each of the

conponen sy ‘ﬁﬁﬁm@ﬁme‘?&g% | Mndi wa Ao §8brida@E GYera Earﬁﬁtf: HRGTetePNmi R BYe Of Water
was 1.33 at roomtenperature. 37 Preparation anple 2: organic

el ectr ol yl#es S ik bidanit %8%? QoG BR A RIERhs ofdel N that Allick! @%iEI{? ‘%Jaé’ Bi g ‘

solution (2) conprising 2 g of "acetoni'trile as a solvent,

silver bfoQﬁH g%easghé?e-glﬁkgﬁ ﬁrféle%%htom A9 ﬁ%}yﬁ(’?g alre%gdi el?sfiodail@hfom&)a{ om de as

a supporting eléctrolyfe was prepare el ectrolytic solution was

transpar E\iI«orE'Elﬂd Wall ﬂHlf’ Pg}%&@r 'gipgg/?@%'& Al tnd Bfie gﬁﬂ&g&‘@f‘&? gﬁﬁircﬁaﬁg}me?t ely

di ssol ve n acetoni H action i ndex of ace was 1.34 at

roomte E@@ﬁn{)ﬁgd po‘:‘ir%ﬁigel) L @9.9%&er%?%gﬁﬁglirh%ﬁ%amr%idegﬁgﬁh (A ¢ QRS B A6 ;”

Synt hesi sperse ra-pure water,

treat ment, of shin S C r.'g%l ut by repeati filteri rocess under
reduced BPRVEUPE et AF fim slalitoraly Qe orlmEEna it mmed 1aguoR 2R YA i ng
ultra- puﬁneely\,\@igpee[-se 1nsﬁ1(1)ebéa§tlic eesddf tﬁAg 1%0?§amti<§]e? Oﬁesotggr l;[ami in %eatlin%ep%n}%%g of ake

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)

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 of
perchloric acid as a supporting electrolyte and 0.28 g of hydroquinone as a reduction-
accelerating agent was prepared. This e¢lectrolytic 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.




(wet mass) was neasured, it was dried at 150C for two hours and the nass

(dry mass) was neasured. The ratio of solid content was cal cul ated from

t hese val ues by using 15 the following fornula. Ratio of solid content (%

by mass) _ (dry nmass / wet nass) X 130 After an anount of the wet cake,

whose solid content was estinmated at 0.3 g 20 based on this ratio of slid

content, was stirred for ten mnutes at roomtenperature in the agueous

el ectrolytic solution (1) prepared in Preparation Exanple | and di spersed

t her ei npPrégardtion E}@ﬂfbmmr%aidiaéle@t&olyh@scﬂﬁ@@e@bldrmeabﬁmg agbRuéilvéd0 m thick

containing the aqueous electrolytic solution was produced by filtering on a

pi ece of 4 mify I ks Y u of 0.02
qﬂeélgétrﬁrllﬁ%%ﬁmf&{ @2 'c&%p?%lg? tng% %JE{:&%M 682 REISERUH 91

MPa. 38 Exanp conduct or resent 1nvention was

produced by . of the sa thod as in Ex e 1 cept, that the wet cake
(25 “obt & s veh Epmidens & S0Br Eialonint 3l nieaq) ot ST broMate,B Scake ( 1)
used in Exanple 1. Examle 3 An jon_conductor (3a). of the present invention
was pr oéumaﬂlm/ elggirobyte was prepased. neliie glegolytic seliionewas dramgrent pad t he wet
cake (3) obtained in Synthesis 10 Exanple 3 was used instead of the wet
cake5( 1unifeen wheréixaegeh eofl the Coomporehisveadxampleteld dissolvedniuadetonitfida )
containing no ultra-fine particles of inorganic conpound was produced by
way of t1hg réRiRioNBAdRbiasetbRitdls WR184lat ¥GRRmpdiaturd he wet cake (4) 15
obtained in Synthesis Exanple 4 was used instead of the wet cake (1) used in
Example 1. Exanple 4

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 pum 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.




After washing the wet cake (1) with ultra-pure water was carried out by way
of 20 the sane nethod as in Exanple 1, the obtained wet cake was dispersed
in 100 g of acetonitrile and about %@ g of a wet cake whose |liquid content
was nostly acetonitrile was obtained by repeating a process of filtering
under reduced pressure three tinmes. An ion conductor (lb) of the present

i nvention that was about 700 mthick and contained an organic electrolytic
sol ution was produced fromthe wet cake by way of 39 the sane nethod as in
Exanpl e 1 except that the electrolytic solution (2) prepared in Preparation
Exampl e 2, wherein acetonitrile was used as a solvent, was used instead of
an aquegggm@kgptrolytic solution. 5 Exanple 5 An ion conductor (2b) of the
present 1 nveniion was produced by way of the same nethod as in Exanple 4

except that t t t.al N es) sed

i nstead of thteg&\/vlevé‘fi %’aﬁé‘ﬁ?‘(ﬁ%g’gﬁ ﬁ? efétﬁp%‘?}e{’ﬂffg ‘%égogﬁrrp%tgvéﬁm?fgtggconduct or
(3b) of the present .inyenti.on was propduced b y Qf the  sa thod as in
Examp| ¢ SAMEhefed i EXAMAIE, ! EXRe! (551 (6 UPNERKS (D) SHIEREA IS SYBRHSI e 3 was
used instead of the wet cake (1) used in Exanple 4. 15 Conparative Exanple 2
An ion Ezaaplebwag ussy indeadefihayehenkei(heussdin Examapledt i nor gani ¢ conpound was
produced by way of the sane nethod as in Exanple 4 except that the wet cake

(4) obtained in Synthesis Exanple 4 was used instead of the wet cake (1)
used in Exanple 4. 20 The nasses of the ion conductors (la) to (4a) (nass

of cakejpupbg yreasured. Then, an amount of ultra-pure water that was
fifteen'Times as nuch of each of their

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)
156  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




masses 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 times, so that the supporting electrolyte,
etc. were conpl etely removed 40 and3§ wet cake containing only ultra-pure
wat er was obtained. This wet cake was dried under reduced pressure at 150C
for two hours and the mass (dry nass) was neasured. The degree of

i npregnation with the electrolytic solution (i.e. the amount of

el ect 1 ol kns MRk iPKAMIICHE hit 1HERREOINR doliRich (29 pRRhtddchnes Of the

organic 5 polyner was cal cul'ated fromthese val ues by using the formul a

bel ow. 0 0 {e t he
same pr '(?Crgém?ﬁeo'ﬁg?ka?,\g%l ?h@%\g\ﬁ gccg)gné@n f’e%)as ‘f%&e‘gﬁc'ﬁs ??{ns eqgr gjes of

i npregnati on vvlth t he el ectrol ytic sol ut| ons vvlth respect to fine particles
of or garfMAIBEAYNFEC i6 sy ated. 10 Degree of inpregnation with
electrolytic solution (% by mass) {(mass of cake - dry mass)/dry mass} X
100 The ionic conductivity of each ion conductor at 25C was neasured based
on the AC i npedance nethod by using an inpedance anal yzer 1260 (produced by
Toyos 1Exhegisca Inc.) and sanple holders for nmeasuring liquid. The ion
conductors were set on a standard bl ack board and the reflectivity (%

(based on a standar odtikiof ( %g ﬁgjfresw@iavem&pm SR By 08, ¥Plie c2

direction under a scatteri source were ne sure ng an

it oni caRe epiad o Bey B Bexgiil AT eV Cehvo 9l WASHER b Yisthest (e

or gani CCEDOI yrrer obt ai ned in Sy nthetlc Exanmples | to 4 are shown in Table 1.
{The spediXampled wagssedingtgad Qﬁthﬁ“ﬁécalﬁa(lllils@ﬂé%%#mplﬁé‘ or gani ¢ pol ymer
measured by way of the follow ng nethod are also shown in Table 1.

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




(Measurenent of specific surface area) 41 Each of the obtai ned wet cakes
was conpletely dried by drying at 170C for two hours in a hot air dryer,
about 0.2 g of this dried sanple was placed in an autonmatic gas absorption
measur enent device (Autosorb 1 C, prd@uced by Yuasa-ionics conpany), by
using nitrogen gas as a gas for absorption, an anount of the gas absorption
was 5 neasured in five points in the range of 0.05 to 0.3 of relative
pressure (P / P) based on the nethod of measuring specific surface area of

JI'S 788314 Ahkt the é&ﬁﬁihfﬂtgcoﬁwmﬁrﬁ-%ur@ﬁﬁﬁr (wels/ EBtainbd ©afhis SAARIaRe W3 Measured
by way of the BET nethod fromthe values. Table 1 Synthesis Synthesis

Synt hesi s. .9y | Eﬁiﬂ?& !E)lgﬁ , ake Wet
cake %t&ggk@%?é@gi&%%g)&(1%63(?]4‘1)0?t%ﬁorganlL“gd mo%wg‘ﬁ%ﬁ&s\éﬁ%:% Irx2 -
I norgani ¢ Content. 6Q 40 45.0 % by mass) Particl.e di aneter of inorganic
Conpound RO 1EBE deiipr Pt EPBISERHAR TR Ak ClaF BT SORROR G <t A gani ¢
Thr ee- di nensi onal Two-di nensi onal | ndependent conpound-di spersing network
net wor k of lectrolydic sofutipst impregmated) with respect to the fine particles of the organic

5  polymer was calculated from these values 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

16  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 aiso
shown in Table 1.

(Measurement of specific surface area)




Physi cal properties of the ion conductors (la) to (4a) inpregnated with the
aqueous electrolytic solution (1) are shown in Table 2 and physi cal
properties of the ion conductors (Ib% to (4b) inpregnated with the organic
el ectrolytic solution (2) are shown I, Table 3. 42 Table 2 Exanmple 1
Exampl e 2 Exanple 3 Conparative Exanple | Ion conductor |on conductor
conductor lon conductor la (2a) (3a) (4a) |Inorganic SiQ2 A1203 ZrQ2 -
Compound Degree of inpregnation with 810 720 640 250 electrolytic solution

by mass) |on qZueHWEtthe bbiinkd6wet chlds was doniplfily dfled b¥ difing 28.196°A &0 (S/cm
Reflectivity of display nmedium 96 92 95 79 Table 3 Exanple 4 Exanple 5

Fon b e(}g’(?w%?g%)%ﬁ( ?‘{T%% 8.2 ¢ BPECRHIGRIpId s FIRAAUR A autdilefconduct or

| on con

| on

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.

Table 1
Synthesis Synthesis Synthesis Synthesis
Example 1 Example 2 Example 3 | Example 4
‘Wet cake Wet cake Wet cake Wet cake
(1) @ @) )
Inorganic Compound SiO2 ADbOs3 Zr02 -
Inorganic Content
(% by mass) 60 40 45 0
Particle diameter of
inorganic compound 10 10 150 -
(nm)
Specific 5121rface area 123 74 18 <1
(m7/g)
compggg%g?;;ersing Three-dimensional | Two-dimensional Indepe_ndent )
structure network network particle

10
Physical properties of the ion conductors (la) 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.



I norganic Si Q2 A1203 ZrQ2 -

240
x 10-3

quite
pressur
On the

1.2x 10-0

el ectrolytic solution b nass)
(S/'cm Reflectivity
The ion conductors of the present

Compound Degree of

%

in

I mpregnation wth 790 630 610
lon conductivity 3.0 x 1073 2.4x 10"3 2.2
of display medium 95 90 94 73
ntion can be inpregnated with the

(0/6) 5

| arge volunme of the electrolytic solution and even if subjected to

e, the

ot her hand,

an
the i on bkductors (4a) and (4b) of

el ectrolytic solution never

| eaked fromthe ion conductors.
anounts of the electrolytic solution inpregnated into
Conparative Exanples 1 and 2 wherein

the fie particles o ani c_ pol r I ncl ude atdlider A- i ne
parti cl espof i nor gani| c IE g"oﬁ v@gﬁp‘¥g§s aftfiife e etb%lyti sol ution
| eaked [When the 1on (,Q)cnﬂidﬁd[ueibﬁ Vi6ii eondwtir € L ld@okdactpr P 3subofducds { As shown in
Tables |2 and 3, the ion ¢apduct ors (Q:i)a) t (BeB)a) and| (| bj4ay o (3b) could be
i mpr egnjat ednwvgidic 600% by rrg&g lectrplytic soldtions with
respect todo@oﬂnhng)art" es )f t 6rga[1| C % mef irrespectlive of an
aqueouy or mepgewpfc ¢l ectrol yt c solutionjand w t hout a | eak of the
el ect r gl yipregnstinnwtithons ?Il nvery 2hon 5 congjébct I v ty [ %il catjed a high
val ue ﬂfel&nulyﬂd);oluﬁ(ﬁi( rmre e ot her nd Capaciity to be
i mpr egnat e by misst helel ectrol yiic soI utioph was | ess and the ign
lon "'E’S‘}g“"ty 1.6 x 10" 1.1x 10" 9.8 x 102 8.9x 10
Reflectivity of
display medium 6 92 95 79
(%)
Table 3
Example 4 Example 5 Example 6 C];r{naga;?:;e
Ion conductor | lon conductor | Ion conductor | Ion conductor
(1b) (2b) (3b) (4b)
Inorganic Si02 AO3 ZrOn i
Compound
Degree of
impregnation with
electrolytic solution 790 630 610 240
{% by mass)
lonconductivity | 30x10% | 24x10° | 22x10° | 12x10*
(S/cm)
Reflectivity of
display medium 95 90 94 73
(%)

10

The ion conductors of the present invention can be impregnated with the quite

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.




conductivity was low in each of the ion conductors (4a) and (4b) including
no ultra-fine particle of inorganic conpound. The anpunt of the

el ectrolytic solution inpregnated into a wet cake (4'), which 10 was
produced by m xi ng 50% by mass of Znéﬁpomder whose average particle dianeter
was about 2 pmin the process of synthesizing the wet cake (4), was 230% by
mass wth respect to the fine particles of the organic polyner and this was
al nost the sanme as that of the wet cake (4) which included no inorganic

conpound. Thenafho@n ihTabldsey &l 3, thelah cbiductdis Ui 8N 38 ad&ﬁ_bgc% (3l es of
t he i norgani c conmpound on a mcroneter scale 15 hardly contributes to an

| noreas gohih SRRk Qi ebOA WY HhICosALIY bPhd BREGADAL SRR wiiat 11 TS

i mportan r Ine particles’o rganic p nmer ra-fine
particles of the.inorganic.conpound qf 500 nmor |ess. (Production of an
ol ect r oehBRTda R ey Age of (e SRt PmEy FIESPRRIAE OL 7 S¥POBS QhPIETS Bot h
sides of the ion conductor (la) obtained in Exanple 1 were placed between
-1 TO el eclecabytic splusigncwd wighamt |4, lealcof thel ¢lectrolytin selgdonsesiAdsa, \avery: iono | Wa)
havi ng a gl ass substrate 700 mthick such that the actual surfaces of the

el ecsr odesductiaite thdiewed 8 hiidvdlbabf 2 heldh§clnessiobe c ade tHz0sthen haaddthe di spl ay
devi ce was produced 44 by sealing the outside with an epoxy resin. The

di spl 2y capRAg 21! be WipREAALP QP he SRR Sokiltn! TR Shackh@dRe #h thi s

di spl ay vice to a power supply nodule having a 1|‘ unction generator.
0 ! 2 RRARSGHL S 5y 505550, BRSYBAISLS BRI aB Ao, 1 2
kby nay %];rntc?eeofslggz%mﬁc compound.
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 pm 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
16  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 (la) obtained in Example 1 were placed
between ITO electrodes (produced by EH.C Co., Ltd.; surface resistivity: 10 /o)
having a glass substrate 700 um thick such that the actual surfaces of the electrodes

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




met hod as in Exanple 7 except that the ion conductor (2a) obtained in
Exanple 2 was used instead of the ion conductor (I a) and the display
properties were evaluated. 10 Exanple 9 A display device and displ ay
apparatus were produced by way of thé%same nethod as in Exanpl e 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 evaluated. 15 Exanple
10 A display device and di splay apparatus were produced by way of the sane

net hod &y sedlifpx tRdEside WiGER epddi rebine ThO displalusppakatid hs pedduce®dyi n

Exanple 4 was used instead of the ion conductor (1 a), and the display

properti ; : | i I ay
Dppar at G R L 130H A Rfodcrdr HESTRpRY BviCe 4 ZPhRY SBIhIRRICKAERT) oy
that the ion conductor (2 obt ai.ned j n le 5 was , us instead of the
on conJHRATGR EETTHPE RPIKETH LT TR FPee Terevalyed by alnelB® Exampie
12 A display device and di splay apparatus were produced by way of the same
net hod &isplay appameplse 7 except that the ion conductor (3b) obtained in
Exanple 6 was 5 used instead of the ion conductor (1 a), and the display
prop&rties were eval uated. Conparative Exanple 3 (aqueous electrolytic
solution) A display device and di splay apparatus were produced by way of the

same nghpeleas i n Exanple 7 except that the ion conductor (4a) obtained in
Conpar ative

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.




10 Exanmple 1 including no ultra-fine particles of inorganic conpound was
used instead of the ion conductor (1 a), and the display properties were
eval uated. Conparative Exanple 4 (organlc el ectrolytic solution) A display
~device and di splay apparatus were pr Auced by way of the sane 15 nethod as
in Exanple 7 except that the ion conductor (4b) obtained in Conparative
Exanple 2 including no ultra-fine particles of inorganic conpound was used
instead of the ion conductor (la), and the display properties were

eval uated. Conparative Exanple 5 (plain white paper ) 20 The sane displ ay
apparatus as in Exanple 7 including an aqueous electrolytic solution was
pr oduce ty that several pieces of plain white paper inpregnated with

t he eleg¥§®agggc solution (1) wherein water was used as a solvent was used
by layering m.so { hat ta %@ICKHESS was 600 tead og u3|n the fine
particles of h splpy dvice and dispiey apparates, Ykt :!i’f‘? ar‘r‘ﬁ?ye ¥ n spacer
was pl aced between two pieces of electrodes so that a_ga betmeen t he

el ect r oethodeas ig Fixagple gﬁécmuﬂﬁmﬁ wasonduaterd3hy ebtamad @pgngmpl@sﬁ Wa$ eaving 5
two openi ngs. The two openings were sealed with an epoxy resin after the

el eci r ohsediinstsal oftthe ion(cbhduetsr (1a)) med therdisplonpropérticheveryponlvags. so t hat the
only electrolytic solution was encapsul ated therein, and a display
apparatus wherein the aqueous electrolytic solution was encapsulated in a
liquid state was produced by way of the sane nethod as in Exanple 7 except

that a & up%m(&(,e\ﬁgm%?ekae%@g,éou?% eg{rﬂﬁ'ﬁﬁlsgluﬁxm hesis Exanple 1 was 10 set in a

| ower stde-of coulter su gure (side opposite to the screen).

t Co t . .
: ! npar at | 1% Iszfa(l cJev:ce and display apparatus were produced by way of the same
method as in Example 7 except that the ion conductor (4a) obtained in Comparative
10  Example 1 including 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.



An el ectro-deposition display apparatus was produced by using a m xture of
pol yvinyli dene fluoride, LiBF4 and A &4 in accordance with Exanple 4 in
patent 15 docunent 3. The el ectrocheni cal display devices produced in the
~above exanples and conparative exanﬁﬁes were evaluated with respect to the
following itens. (Measurenent and cal culation of white reflectivity of a
di spl ay device) Each display device was set on a standard bl ack board and
the reflectivity 20 (white reflectivity) was nmeasured by using an
eval uation system for a display device (DMS-5000, produced by
autroni c- MELCHERS) where no voltage was applied. (Qbservation of texture)
The texW jspl ay device was eval uated by eye observation on a
scal e . ndi ng on how close its texture was to that of. plain
white paper. "A' 47 representi "close to.plai it aper"”; "B
representing “SFghiPare %@%‘iﬁ%‘?ﬁ?v ° ?é"g‘fﬁﬁ) r® ec:tmgﬁg sgé‘afr%&aBsenti ng
"clearly different fromplain white paper". (Measurenent and cal cul ati on of
cont r astbetvirendhe elactrodes syas £00 dayitheoyiside veasseHed udthyanspeny sesin lsagingel ectri ¢
field of -1.5 5 V/mmfor tw seconds. As a result, the side of the screen
of the dweplpayingeiheawobseaings Iveac keadesl with anedpaky pesic aftert the etbctrblytichi s
condition, the application of the electric field was term nated and
ref | ect isyhutivn (P] 6K pb@ed 86ibl obletof)th@bpédiBe O Rlah e MIRClecHbBRcaButidas
nmeasured and cal cul ated by way of the sane nethod as that of white
reflectiyj.t | bed Ve [ e ca I e
refl ect i“://dlst %ncﬁsél lag‘?cgglﬁér%igf ec%l gllsP%?%b\%igg cg]%g]%e epg)'d S 0@%%&°§§M@ati o. If
the contrast ratio is 10:1 or.nore, it can,be, consi ed that the display
devi co Ralitn 55 EheananRei ia 3 lighi S atas ORRE] bY Dol the ety Bsthg s
apparatuses in the state of black display were continuously exposed to an
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”




electric field of +1.5 VVmmfor two seconds, in all of those in Exanples 7
to 12, decoloring occurred and they returned to the state of the initial

- white reflectivity. 15 (Eval uation of 47eakage resi stance of electrolytic
sol ution) The | eakage resistance was evaluated on a scale fromA to C from
the perspective of whether the electrolytic solution inside | eaked or not
when destroying the display device. "A" representing "the electrolytic

sol ution never |leaks"; "B" representing "slightly |eaks"; and "C

r epr esentréprgsehtinpKelvse @@laihavivtetmaperdd T spresyntngofstightileelostd totjlan ditdtel ay
apparatuses are shown in Table 4. 48 Table 4 Wite Leakage 1on conductor

refl ecti papet *Taud vCeréppstentiny “dleflysdifforeat R6m plaihiwhiterpapéro. el ectrol ytic
sol ution anple lon conductor 64 A 12 : 1 A 7 la) Exanple lon conductor 63

?oﬁéuét 'g\r@%ﬁ %@mg\%a 81& gBFExarrp e Ionlgoﬁdﬁctgr(gg) AEﬁlml)li l(ﬂ (2b)
Each display device 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



Exanpl e 1on conductor 61 A 12:1 A 12 (3b) Conparative Ion conductor 38 B
3:1 B Exanple 3 (4a) Conparative lon conductor 36 B 3 :1 B Exanple 4 (4b)
C Exanple 5 with electrolytic

Paper

sol ution

Conparative inpregnated 38 B 2
Conparative Electrolytic 31

3:1 C Exanple 6 solution

Conpar ative Macronol ecular 67 C5:1 A Exanple 7 electrolyte As shown in
It was revealed that their white reflectivity of the display

Tabl e 4,

appar at uses produce usin e ion conductors o e present invention
pp t prod d by gth duct f the p t t
was as hilghle4s as 60% or nore. It was also revealed that they were close to
a textune of paper] and indicaled j contrast fatio bechuseldakager ig¢n
conduct ¢ors had hi dh,j o ducti .. O d| t oBomtpal atresiganExefnplie 7
. an, 13 Yilebilv " on] :
wher ei nja pol yner so+n|%ne ect 'olryqtz%v]\%s use’g{ugs a ravedi um f dectmiytie spli ay
devi ce, |they were lal so excellent in‘cololing and decol orj ng_snbaied (#esponse
speed) andExdmple dedorewndictopl acknegs when caql orgd. 4y Coprpar at jve 10 |Exanpl e
7, the whiteZreflgctivi(ta wasirelatively|lhig the texture was gquite
di fferent Efampln t Hatlorofondusiser | On ?:he ot her shand, ip. Conparatiye Exanple 5,
i oni ¢ milgrati®on di{d nédoccur sufficiently in fhe electfolytic soluflion
because rraEéﬂgtPéﬁ s |i d@i%&%ﬁcm Hevicgy did 49 4 121 A
a
Example Ion conductor .
10 (ib) 62 A 12:1 A
Example Ion conductor .
1 " 2b) 62 A 11:1 A
Example Ion conductor .
12 (3b) 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 31 C 3] C
Example 6 solution )
Comparative | Macromolecular )
Example 7 electrolyte &7 ¢ 31 A

10

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

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 blackmess when colored.

In Comparative

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



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 grreen 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 the two pieces of glass substrate, two layers of ITO

el ect rodeidt bake enhsufficient capgaityc tas ieuimpregnated qwish rthe celectrlitic solutipas
reveal ed that the ion conductors of the present invention have excell ent
proper t i eSomsqumtlyonnifendacd smoathdcalbsng-decodormmeddidnmdtarccamoverOthe entire

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

conduct i Viurfac®bf tesdreth S0MEUphafatusQindt e cBh@seRhtid WS hitdTow.s Akbt H hi gh
and the ion conductors of the present invention can be used as materials for

15 el i . SEGC i cal
S ot PSRN kR e SOR.T0 yRRSPRiaRN bbb i R ELEEL L

doubl e | ayer® capaci etc. ctors of

t he present invention can he ysed suitably as an ion . copductor fo

rof 1 o6t i vekedsElores AB e Brckiride chpottsTx s Eand beciRe inoaanh s vairied  ext ur e
are quite close to paper. 20 50 CLAIMS 1. An ion conductor conprising: a
fine par thaskandfforh betwggnitke pvo pisees pinglpsraiubgirate, twe 18pem bY [Thaelecobdes 5
ultra-fine particle of an inorganic conpound; and an electrolytic solution

i mpr egnat®d thatlectrélgtié solatiar ti cl es of the organic

& 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



pol ymer, wherein the ultra-fine particle of the inorganic conpound has an
average particle dianmeter of 500 run or less, and the fine particle of the
organi c polyner has a 10 specific sysface area measured by the BET nethod
of 30 n2/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 polyner is 500 to 2000% by mass. 15 3. The ion
conductor according to claim1, wherein the fine particle of the organic

pol ymer has an average particle diGh#tdB of 1 to 1000 m 4. The ion
conductor according to claim11, wherein the fine particle of the organic 20
pol ymer has an average breadth of 20 mor | ess and an average aspect ratio
of 5to 20. 5. The ion conductor according to claim1, wherein the

i norganijc congauyidcdmsiudior c+rﬁ9§§h&%ne i norgani ¢ conpound sel ected fromthe
group consisting of a netal oxide, a netal hydroxide, and a netal

carbonate. 51 . The Jon.conductor accordina.to,glai m.l,,. wherein the

or gani ¢ pol yr’r%rhﬁrfesp%rﬁc#ee%fsfm °5ﬁaén%rp8§ﬁ?% 188(@% 2§etloe@édb3f iy t‘#eagroup
consisting of a palyam de, a, polyurethane, and a polyurea. 5 7. The ion
cono‘hctBmaa@@d?aégﬂﬁofénéloéﬁaﬁi%‘fom?@ﬂ@i@dt he fine particle of the organic
polymer is obtained by an interfacial polycondensation reaction caused from
a cont act bet gveetectmiyicgsoiutiors anptegoated Aptoc thet finei pagticles loéabe argmiconpound
selected fromthe 10 group consisting of a dicarboxylic acid dihalide, a

di hal of psiyafeg and a phosgene, and an

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 pm.

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

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

5. 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.




organic
at | eas
. wat er.

pl at es;
el ectro
el ectro
The el e

sol vent, and an aqueous solution (B) containing a netal conpound of
t one alkali metal element with other netal elenents, a diam ne,
15 8. An el ectrochem cal disp% y device conprising: two electrode
the ion conductor according to claimI maintained between the two
de plates; and a material which changes color reversibly by an
chem cal 20 oxidation-reduction reaction in the ion conductor.
ctrochem cal display device according to claim8, wherein the

material which changes color reversibly by the el ectrochem cal

oxi dat i
ion con
8, wher
el ectro
set on
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on-reduction reaction is a color-devel oping agent included in the

@uct or Théfon édﬂdu&ibﬁa&bﬁﬁh%ﬂﬁ&l@ﬁﬂ ¢ alvhétemithe¥rodfie potyR&Gobelleld to claim

ein the material which changes color reversibly by the
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and a polyurea.

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
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.

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

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.





