1 TI TLE OF THE | NVENTI ON Hybri d

pol yneric el ectrol yte and non-aqueous el ectrochem cal device

conpri sing the sane BACKGROUND OF THE I NVENTION 5
Field of the invention The present invention relates to a
novel polyneric el ectrolyte and an electrochem cal device

conpri si ng the sane. Morre particularly, the present invention is
concerned with a novel hybrid polyneric electrolyte 10 which is forned
of a closed-cell cellular polynmerTIBhEnOF THE INPENTRANed with a

non- aqueous el ectrolytic liquid and whi ch conprises a plurality of
closed cells defined Bybrid polyrerigeelectopltyteusndgnencagueausus

sol i d- phase matri x | npregnated with the non-aqueous el ectrolytic
liquid to 15  elegtrerhemicnbARVERS i eoppasaingnbid, S9Merei n each of

the plurality of closed cells is substantiall¥ filled with a

non- agueous el ectrol ytic quui&yﬁagﬂﬂﬂﬂ§%.?ﬁu-HE INVENT?%mity of liquid
phase donmi ns vvhti.he eotdi eerisr?d WAk t he above-nentioned conti nuous
sol i d- phas® donaF#FJ%Le——iég———lgﬂggﬂﬁi invention is also concerned with a
non- aqueous el r ' | C non- 0 tery
or parts for a batteryﬁ}%.%fg%ga%‘gﬁgﬁ‘%f%%%é fo gnn&g%ﬁpgig%%géfﬁé

above- nent i oned @é&@%‘?ﬁﬁé‘ﬁsﬁ te&ié?(gemchemicai Y&&vidhecOybri ing o

polyneric electrolyte o Invention has not on
i oni ¢ conducti vi tyhearghetd h More particularly, the present invention is

concerned with a novel hybrid polymeric electrolyte

10 which is formed of a closed-cell cellﬁlar polymer foam
impregnated with a non-aqueous electrolytic liquid and
which comprises a plurality of closed cells defined by
cell walls constituting a continuous solid-phase matrix
impregnated with the non-aqueous electrolytic liquid to

15 form a continuous solid-phase domain, wherein each of
the pluraiity of closéd cells is substantially filled
with a non-aqueous electrolytic liguid to form a plu-
rality of liquid phase domains which are dispersed in
the above-mentioned continuous solid-phase domain. . The

20 present invention is also concerned with a non-aqueous
electrochemical device, such as a non-agueous battery
or parts for a battery (e.g., an electrode), which
comprises the above-mentioned hybrid polymeric electro-
lyte. The hybrid polymeric electrolyte of the present

25 invention has not only high ionic conductivity and high



2 mechani cal strength, but also has the ability to prev-

ent the non-aqueous electrolytic liquid contained therein from

| eakage, so that the electrolyte of the present invention can be
advant ageousl y used in various 5 non- aqueous el ectrochem cal devices.
That is, the non- aqueous el ectrochgm cal device conprising the
hybrid polyneric electrolyte of the present invention exhibits

not only excellent el ectrochem cal performance, but al so has high
ability to retai mesmhagliamY cdytength qubult dlso has hehei abikbtyhed phev-

el ectrochem cal device has excel - | ent safety and high reliability
in practical use ent the nanaqugous electrolytic Iiquid contained

Recently, for reducing the size and weight of 15 port abl e equi pnent,
such as pocket t&hanfdiestrar leakage, sprihakltheomplectsolytehaf then

dermanded to provide a battery having high energy density. As a
battery for presepf IPERHAR £ ROHRIVINIRIPFRRLY ifed Haveaptens

devel oped and conmerci al

prepronoiap K TE MGG RTINS
AT v ol Sl Moo a1 SmbEs R L Lo
Fhetroses. ' TanSaidld BSRsa: e HiSLGALARRLYE ofiinsss
not only excellent electrochemical performance, but
also has high ability to retain an electrolytic liquid

10 therein, so that the electrochemical &evice-has excel-
lent safety and high reliability in practical use
thereof.

Prior Art
Recéntly, for reducing the size and weight of

15 portable equipment, such as pocket telephones and
personal computers, it has been demanded to provide a
battery having high energy density. As a battery for
meeting sucﬁ a demand, lithium batteries have been
developed and cémmercially produced. These lithium.

20 batteries are wet type batteries which contain a porous
polyolefin separator having through-holes, wherein the
pores of the separator are filled with a non-agueous
electrolytic solution which is used as a medium for
traﬁsporting ions between the positive and negative

25 electrodes. However, wet type batteries have problems



3 in that a | eakage of the non-aqueous electrolytic

solution is likely to occur and it is difficult to realize |ight
wei ght batteries. By contrast, solid type batteries produced
using a 5 'solid electrolyte are free froma | eakage of an el ec-
trolytic solution, differing fromthe abovegnmenti oned wet type
batteries using a non-aqueous el ectrolytic sol ution as such
Therefore, it is expected that a solid electrolyte not only _
provi des a battely bhuitng ldakage iofphhectiohclaigaleicust wlaatredivatiys but is
al so advant a- geous in that both the |am nation of a solid

el ectro- sollytdoni iy dikeflvodes ocand wind pdcldsgidid fifculle treesul t -
ant laminate to forma battery can be easily perforned, and the
t hi ckness and weFgalise élgéﬁt@ﬁ&Q@Snb9€tﬁ616815 duced. As materials
for such a solid electrolyte, io conductive ceram cs and

pol yneric solid eIectPBI?P@§raSt s°11ﬁaF¥PEeQﬁtﬁﬁﬁﬁﬁ§b@rQQHQﬂ@aﬂﬁlng a

materials, the ion

dcaranoss o013 grerrrelves fhm Feee Soon P]I iaahfadva dogize” (M
aminate 20 rPRLURRM Botledoher ATLE LY SR Laleu Bl tatinsty

the polyneric so ectro yte |nheren

flexibility soLhet bhe BALHIRLLE using o g%h'-gg.g%%%tsr Bidrdiytio i ce

advant ageous in t el ectro

tSECh as a batter&olu%s':!on asl bukh. ea‘i‘}ﬁeEQfBﬁrgdU‘i% 34 apRUteSchat! W e of
e

solid electrolyte not only provides a battery having

10 improved reliability and safety, but is also advanta-
geous in that both the lamination of a solid electro-
lyte with electrodes, and the packaging of the result-
ant laminate to form a battery can be easily performed,
and the thickness and weight of a battery can be re-

15 duced. As materials for such a solid electrolyte, ion-
conductive ceramics and polymeric solid electrolytes
have been proposed. Of these materials, the ion~con-
ductive ceramic is disadvantageous in that a ceramic is
brittle, so that it is difficult to produce a laminate

20 structure of a ceramic with electrodes. By contrast,
the polymeric solid electrolyte inherently has good
workability and flexibility, so that the polymeric
solid electrolyte is advantageous in that when it is
used in an electrochemical device, such as a battery,

25 it is easy to produce a laminate structure of the



4 polynmeric solid electrolyte with el ectrodes, and al so

the polyneric solid electrolyte is capable of allow ng t he
configuration of its interface with the el ectrodes to change in
accordance W th 't he volunetric change of 5 t he el ectrodes caused by
t he occlusion and rel ease of lons lay the el ectrodes.

As such a polyneric solid electrolyte, an al kali E nmetal salt
conpl ex of pol yethyl ene oxi de was proposed by Wight in British
Pol ymer Jour nal , pedymérig 30didle@lectroly¥es withSialee tirveles,r esehralms on
various materials for polyneric solid electrolytes have been
energeti cal - the polymegidusrddd Blagtiredydle discirapabde i dldciviidg
pol y- al kyl ene ethers, such as pal yeth Iene.%!ycol and pol y-
propyl ene oxi de, th8l gepfigyFpiione oty ditpp HoSerEasiRe witls the electrodes
pol yvi nyl i dene fluoride and pol ysil oxane. CGeneral ly, these

pol yneric solid &PeChRRge: d8 gcsordance with,Fhge yolymetdic Ghasioe@f d
sol utions of an ect to- | yte.and.a pol yner,, ‘and are known dry
Cype pol yeeri ¢ Ehe el8orades, cpusbd B Hher DA AryhERISRRS (oF

el ectro- 20 . t | ch are obtained by incorporating an
el ectrolyte and §°§§I§§h% o?ﬂgﬁgﬁgaﬁﬁﬁolyte into a pol ymer

matrix, wherein the sglvefn & H@ﬁ?&ﬁﬁxﬁ%&lﬁg electﬂé#}&?Si é#ﬁ%li

di ssociation of the electrolyte an ronoti ng the ‘nolecular

novenent of the pekuleali%e@ompldex of Py TR oldRRNSH: RRldYsed
Appl i cation Lai d-Open

by Wright in British Polymer Journal, vol.7, p.319

10 (1975). Since then, researches on vafious materials
for polymeric solid electrolytes have been energetical-
ly conducted. Examples of such materials include poly-
alkylene ethers, such as polyethylene glycol and poly-
propylené oxide, polyacrylonitrile, polyphosphazene,

15 polyvinylidene fluoride and polysiloxane.

Generally, these polymeric solid electrolytes are
provided in the form of solid solutions of an electro-
lyte and a polymer, and are known as dry type polymeric
electrolytes. Further, gelled polymeric solid electro-

20 lytes are known which are obtained by incorporating an
electrolyte and a solvent for the electrolyte into a
polymer matrix, wherein the solvent is intended for
increasing the dissociation of the electrolyte and
promoting the molecular movement of the polymer (see,

25 for example, Japanese Patent Application Laid-Open



5 Speci fication No.56-143356). As a nethod for introduc-

ing an electrolyte and a solvent for the electrol yte into a

pol ymer matrix, there have been known, for exanple, a nmethod in
which a uniform’solution of a 5 pol ymer, an electrolyte and a sol vent
for the electro- lyte is cast intos film(see, for exanple,

U. S. Pat ent No. 5, 296, 318), and a nethod in which a mxture of a
polymer and a plasticizer is cast into a film the pl asticizer is
extracted from t Bpedilfihciadion MNon 56-143356) .polAarer meithod , fandintwodwedy mer
matrix is inpregnated with an electrolytic solution obtained by

di ssolving an  ing an glectmeilptte iandy s clodsrentt dfon Hheeladltgtotadete or
alternatively, after the casting of the film the pl asticizer in
the filmis repl &8&@ @y9§%Y@P€b@ﬁ&§ﬂﬁ«:thﬁie havesdiaarn dmowm, tfer | atter
met hod, the use of th Cizer in addition to the sol vent
for the el ectr ol FEETP ie a meth‘?%t’éhd‘@’&q}b q A 5orR S ioRI9F Ry of the

et | oned Syel | edPRAFPREr| ELaET EedI R 3 Sodvery £0r ' kA tHch
e 8 0 W i g G
fluoride pol yer nbs5U598,838), ang afn@ecrﬁ AP uhaldi o gﬁﬂﬁfﬁ%ﬁ'aed
polymeric solid elec yte easi ts at err o 110
[err] C to exhibi bolymer and a plasticizer is cast into a film; the
plasticizer is extracted from the film to obtain a
10 polymer matrix, and the polymer matri# is impregnated
with an electrolytic solution obtained by dissolving an
' electrolyte in a solvent for the electrolyte, or,
alternatively, after the casting of the film, the
plasticizer in the film is replaced by an electrolytic
15 solution. In the latter method, the use of the plasti-
cizer in addition to the solvent for the electrolyte is
intended to facilitate the swelling of the polymer.
The polymer used for.production of the above-
mentioned gelled polymeric solid electrolyte is a
20 polymer which can easily form a uniform solution with
an electrolyte and a solvent therefor. Therefore, for
example, when a vinylidene fluoride polymer is used as
the polymer, the obtained gelled polymeric solid elec-
trolyte easily melts at 85 °C to 110 °C to exhibit

25 flowability, so that there is a danger that a battery



25 flowability, so that there is a danger that a battery

6 using such a gelled polyneric solid electrolyte suffers

short circuiting at high tenperatures, thus posing a safety

probl em For sofving this problem a hybrid polynmeric electrolyte
has been proposed which is ob- 5 taingd by a nethod in which a

m xture of a polyner, a pl asticizer and a pol yneri zabl e vi nyl
nononer i s cast into a film the polynerizable vinyl nonomer is
Cross- | hokeg; stBR Al geliedzpolimeeitr soled blemtirbayitel Bufders
obtain a polynmer matrix; and the polynmer matrix is 10 | npregnated with
an el ectrol yti c shbuoti ohr¢ateing at hilgh. Petparabiords428hdsl postingeaer ,
this method is di sadvant ageous not only in that the practice of
this met daflety puobdemoneFopusodivingi khikaprohdepol pmbybrid

abl e vinyl nononer is electrochemcally unstable, and 15 t he

pl astici zer and P%bYE@??ﬁEﬁlQQEF@1Ytﬁy aﬁnh@ﬁ@rpapeosed whichsd&cebtri ve to

side reactions at the tinme of the cr ing. Therefore, this
hybri d posynerlct%+%%@rBYy?emeth°d in U&hﬁBtab@1§F56F|9§lPyP8§§Eerraa

batt er ric oI d.el ectrol s havin roved 20
nechan?cal stren@%ﬂSt%ﬁéFﬁghﬁégEﬁgg BW%ﬁ&E@giﬁ Xéﬁyi nBB5m p&gp st

| lidele
o, conduct ve poPgRer Tt Sb8,HOyubKgi-anete vinyl peiiie) E croge-, o

ol efin pol ymer hayhpgal hfcﬂagglastlclzerhQtseaxﬁaeacaas%rBat Ak ARk G i on
Lai d- Open Speci fi

obtain a polymer matrix; and the polymer matrix is

10 impregnated with an electrolytic solufion ({see
U.S.Patent No.5,429,891). However, this method is
disadvantageous not only in that the practice of this
method is cumbersome, but also in that the polymeriz-
able vinyl monomer is electrochemically unstable, and

15 the plasticizer and the polymerizable vinyl monomer are
susceptive to side reactions at the time of the cross-
linking. Therefore, this hybrid polymeric electrolyte
cannot be practically used for a battery.

As polymeric solid electrolytes having improved

20 mechanical strength, there have been proposed a com-
posite polymeric solid electrolyte obtained by intro-
ducing an ion-conductive polymer, such as polyethylene
oxide, into a porous olefin polymer having through-
holes (Japanese Patent Application Laid-Open Specifica-

25 tion No.63-102104); a polymeric solid electrolyte



25 tion No.63-102104); a polyneric solid electrolyte

7 obt ai ned by casting into a filma m xture of an ion-
conductive polymer latex and an ion non-conductive ~ pol yner | atex
(Japanese Patent” Application Laid-Open ~ Specification No.4-325990);
and a polyneric solid 5 el ectrolyte hagving a structure such that
ceramc parti - cles are dispersed in a polyner (Japanese Patent
Appl i - cation Lai d-Open Specification No.2-276164).

On the ot her handbtaimedi diyurcadidinge riynttsianEilas & mixture ofSeparidy, a
pol yur et hane foam porous material has been 10 proposed (German
Denocr ati ¢ RepubkondRgitdve Noldakisdatex and an Heowe vrem - ddnshwestpiareat or
illustratively disclosed in this - prior art is a separ at or havi ng
t hrough- hol es. FRplymer latex {dapasionse Ratente fordtisatian daidkiOpere

| i nkage, the separ.at or oblemin that it is

has a pr
el ectrocheni cal | fPefdficatipn é’lﬂ-é‘.‘?ﬂ%@,o 4 pndhed pHamesie #ldig as an

el ectro- lyte ul fonat ed pol ystyrene foam has been proposed
(Japanese 5Pat ent eﬁé&?@i‘?ﬁz&n ila’gqgeﬁ% UTE U that cerame pagiis) .

However, a sulfo d | wstyvrene fQam robl e in that it is
difficult to i rrpgg%%a 3‘% tﬁi%ﬁgsed W R 8%3&%3?&?%%8&?f,aaaemb@«pplt{- )
olution, and th . 3 I . yStyrene er absorptivity
an it is éEatgion Fgﬁldto o%Hr g%%\%%%act%?rl%?%é{oé rozrr?]%igo t'hat a sul fo-
nated polystyrene canpgl the etder’ 8and, "N mdMHeWEe battery WYY as a

separator, a polyurethane foam porous material has been

10 proposed (German Democratic Republic fatent-No.241159).
However, the separator illustratively disclosed in this
prior art is a separator having through-holes. Fur-
ther, since the separator has a urethane linkage, the
separator has a problem in that it is electrochemically

15 unstable. Also, a primary battery using as an electro-
lyte a sulfonated polystyrene foam has been proposed
(Japanese Patent Application Laid-Open Specification
No.2-94261). However, a sulfonated polystyrene foam
has problems in that it is difficult to impregnate it

20 with a non-aqueous electrolytic solution, and that a
sulfonated polystyrene has water absorptivity and it is
difficult to remove water therefrom, so that a sulfo-
nated polystyrene cannot be used for a non-aqueous
battery.

25 ' These polymeric solid electrolytes have a problem



25 These polyneric solid electrolytes have a probl em

8 in that the ion-conductivity of themis small as com

pared to that of an electrolytic liquid. Therefore, a battery
produced using Such a polyneric solid electro- | yte has defects
such that it has |ow charge/discharge 5 8 «current density and has high
resi stance. For this reason, devel opnent of a polyneric solid

el ectrol yte havi ng hi gh ion-conductivity has been desired. The

i on-conducti vi t yimfthatr yheypenpobpductivityi dfetbemr 4s small as| goa- such
as a solid solution of an electrolyte and 10 pol yet hyl ene oxide, is
very |ow, so thaparefehoathat-of an elestyolytag ddaHid.dr FheFpdossl.yferic
solid electrolyte is operated at room tepperature, _the current

density ?ﬁﬁ%?ﬁ%dp?gdP?ﬁﬂteﬁlPﬁ §H°BXPrBH%YVeF6W Feddfl edgorro-
t her, | | ed l.id el ectrol 15 t
nas hi gh”s on: contliEe | 0et,dgteCtRpaneh et (8'has"uRd Eparapsasabhizdesi (o

el ectrol yte. However

f.th |
i ncreased5i n ord%?rf%n%hgens%tYn@?gaggsﬁ %gﬁgﬁ8§5%538E|3?:5?|2 éﬂﬁéns ari se
such t hat n:feé Sn 5 «?%éﬁéeﬁ%r&g%hpgiﬁﬂg?icl QWﬁHdeh.EclE?%Rg‘?:% 20

difficult to co SsS o
el ectrolyte.  paying m?mlsheceaaﬁ&thm@y nhghbéaﬁpaatsﬁgat he mhiet hi um

i on secondary battery currently in use, which contains a
porous pol yol ef i fosepanatietivheyebr hharpotgpeOboliffieric solid electro-
lyte, such as a solid solution of an electrolyte and
10 polyethylene oxide, is very low, so tﬁat, when a bat-
tery using such a dry type polymeric solid electrolyte
is operated at room temperature, the current density
obtained is limited to an extremely low level. Fur-
ther, a gelled polymeric solid electrolyte containing a
15 plasticizer has high ion-conductivity as compared to a
dry type polymeric solid electrolyte. However, when
the amount of the plasticize; is increased in order to
increase the ion conductivity, problems arise such that
the mechanical strength becomes low and it becomes
20 difficult to control the thickness of the polymeric
solid electrolyte.
On the other hand, with respect to the lithium ion
secondary battery currentily in use, which contains a
porous polyolefin separator wherein the pores of the

25 separator are filled with an electrolytic solution



25 separator are filled with an electrolytic solution _ _

9 (see, for exanple, Exam ned Japanese Patent Application .
Publ i cati on No. 59-37292), there is a problemin that a pol yol efin
has extrengly |low ion perneability, so that the ion conductivity
of the polyol efin separator 5 (having gpores sinply filled with an

el ectrolytic solu- tion) is low as conpared to that of the

el ectrolytic sol ution. Further, since the electrolytic solution
filled in the poreeegf fidre epaimprilesf iExBEPRIAIRpaRIBe Patent KSSLidation
out of the separator, it is necessary to 10 package the battery
structure in a v@upldioadngpmiNal [§%¢-37292), thesrs nig fpruplen aigethat a

t hi ckness. SUMMARY OF THE | NVENTI ON _

The present inveRPodyoliefin hafe esstinanslwe low iorb permeghichisiwe st uthas to
devel op a polyneric el ectroldy material which is free of the
above- ment i oned PGS0 conductiviger @t mplyelafdiy dananatior echni ques,
and whi ch not ongé has ,a high iaqnic conductivity which is close to

t he i oni ¢ TonductPAEPHPOFST LF&léieéictWWtaﬂ: elﬁ?‘:rollié%’r‘btﬁ(b]rp‘per
se, but also hig cess b|||t ri ous exc ent ertles
such as high fl e% %nlcj Tow gcoéWcT’?ﬁ&lﬁ?ni ftj % o4 it

cel | ul ar

- dI f t.uh | d- cel
parym e gopAcRl Y FERReel Hinn vk Ry € e AR

filled in the pores of the polyolefin separator can

easily flow out of the separator, it is necessary to
10 package the battery structure in a very strong metallic

casing having a large thickness.

SUMMARY OF THE INVENTION

The-present inventors have made extensive and

15 intensive studies to develop a polymeric electrolyte
material which is free of the above-mentioned problems
accompanying the conventional techniques, and which not
only has a high ionic conductivity which is close to
the ionic conductivity of a non-aqueous electrolytic

20 solution per se, but alsoc high processability and
various excellent properties, such as high flexibility
and mechanical strength. As a result, it has unexpect-
edly been found that when a closed-cell cellular polym-
er foam is impregnated with a non-aqueous electrolytic

25 liquid, it becomes possible to obtain a hybrid



25 liquid, it beconmes possible to obtain a hybrid

10 structure, in which a polyner matrix constituted by

cell walls defining a plurality of closed cells of the ~ pol yner
foamis inpregnated with the non-aqueous el ec- trolytic liquidto
forma continuous solid-phase do- 5 mphn, and in which the plurality
of closed cells are substantially filled with the non-aqueous

el ectrolytic liquid to forma plurality of |iquid-phase domains
whi ch are di sper stducturee dbowbimhni Eodgmeanmatidus constitutesdlby- phase
domai n, and that the above-nentioned hybrid 10 structure can be
advant ageousl y usedlawadisededliindng a pluralidyl iaf ellesterbloglds o the
non- aqueous el ectrochem cal device, which not only is capable of
exhi bi ti ng hi gh polymer fogpi dscénpmregnaitied aridhprihee mom@quesusmelapieous
electrolytic liquid frgn1|eakag§, but also exhibits 15 ~ high nmechani cal
strength even whEROLEELRyBAAYIS: FRcfora a continuems sodd drBh@seadieeous
electrolytic liquid in Accordi ngly,

| , t)
it is a pbinmary 8Bfgctag§ ?hg%BFS§eﬁP:hPﬁggggltthﬁhﬁ¥9ﬁ?§3ﬁﬁ%%ﬁ(ﬁ?Qa
[ [ l, Q t _on as hi lonic .,
o e ShBE NS5y i M OB A pte) S

el ectrolytic 1i uid!%gukgrhrgnghﬁ§§§§%y of liquid-phagé:dé%éﬂﬁgher
obj ect of the presént invention't

which are dispersed in the above-mentioned continuous

solid-phase domain, and that the above-mentioned hybrid

10 structure can be advantageously used és an excellent
solid electrolyte in a non-aqueous electrochemical
device, which not only is capable of exhibiting high
ionic conductivity and preventing the non-aqueous
electrolytic liquid from leakage, but also exhibits

15 high mechanical strength even when the hybrid structure
contains a non-aqueous electrolytic liquid in a large
amount.

Accordingly, it is a primary object of the present
invention to provide a hybrid polymeric electrolyte .

20 which not only has high ionic conductivity, but also is
capable of preventing the non-aqueous electrolytic
1iquid from leakage;

It is another object of the present invention to
provide an advantageous method for producing a hybrid

25 polymeric electrolyte having the above-mentioned advan-



provi de an advant ageous nmethod for producing a hybrid 25 pol ymeric

el ectrol yte having the above-nenti oned advan- t ageous
features. It is a further object of the present invention to
provi de a non-aqueous el ectrochem cal device, such as a

non-aqueous battery or parts for a battery {£. 9., an 5 el ectrode),
whi ch conprises a hybrid polyneric el ectro- | yte having the
above-nmenti oned advant ageous features. The foregoing and
other objects, feagebas Fedtures. advant ages of the present invention
wi || be apparent fromthe follow ng detail ed description and
appended 10 clai I&. is a further obFetAl bED theSCRcEENIN idveti I?RESENT
| NVENTI ON Essentially, according to the present invention,
there is provi depraviider ad noopgmeiouse led ectaiorhenicaiedevice, suddf as a

cl osed-cell cellular polynmer foaminpregnated with 15 an electrolytic
| i quid, conprisi RgR-aqueous battery grypairitsy for @ daddexyt (£.df.i 3 by
cell walls constituting a continuous solid-phase domain for the
hybrid polsyneri ceéPEErPERyreWhiCh comprises ghbybsid REJyFesdiq ®laase-

domain conprising a 20 . onti nuous sol,id polymer matrix inpregnated
with a non- gyte g&ﬂ&&ﬁétgﬁe@PPﬂFVPﬁPtPPG&@da?@ﬁ@&ﬁ&?QW%nﬁﬁﬁﬁ¥Rﬁ§mu)

consisting of a solution qof an electralyte in_a_.non- aquepus

solvent and a |iquid gﬁ?c%?ﬁﬁ??éﬁg and bther objedts, features and

' advantages of the present invention will be apparent
from the following detailed description and appended

10 claims.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

Essentially, according to the present invention,
there is provided a hybrid polymeric electrolyte formed
of a closed-cell cellular polymer foam impregnated with

15 an electrolytic liquid, comprising: .

a plurality of closed cells defined by cell walls
constituting a continuous solid-phase domain for the
hybrid polymeric electrolyte,

the continuous solid-phase domain comprising a.

20 continuous solid polymer matrix impregnated with a non-
aqueous electrolytic liquid selected from the group
consisting of a solution of an electrolyte in a non-
agqueous solvent and a liquid electrolyte,

each of the plurality of closed cells being sub-

25 stantially filled with the non-aqueous electrolytic



each of the plurality of closed cells being sub- 25 stantially filled
with the non-aqueous electrolytic

12 liquid to forma plurality of |iquid-phase domains for

the hybrid polyneric electrolyte which are dispersed in t he
conti nuous solid-phase domain. 12 For an easy under st andi ng of
the present inven- 5 tion, the essential features and various
preferred enbodi ments of the present invention are enunerated
bel ow. 1iquadhybr ifdrmo by pRiira 16 eC bifo lLjiga ildephed idomatings abr
cell cellular polymer foaminpregnated with an electro- 10 lytic

i quid, conprisithe hybrid polymerdcpleldeaitrolydle edhdeohd acel Idd sppefmsesdd iy
cell walls constituting a continuous solid-phase donain for the
hybri d pol ynmeri ctheecontiipuous solid-phase dom@ioonti nuous sol i d- phase
domain conprising a 15 continuous solid polyner matrix inpregnated
with a non- Eglic 80s cap¥c Updeysitanding @fs dhec pa@serdmisyergr oup
consisting of a solution of an electrolyte in a _non- aqueous

sol vent ahd a | i G&PB-eitBet pEEFPLial features andyygrigus; prefiefcad ty of

cl osed cel |l s being, sub- 0 stantially . filled with the non- eous
electrolytic oglwﬁﬁﬁFdofotpgrﬁng r&PWFF%&Pq e ﬁyﬁﬁﬁgﬁﬁg%%ains
for thengg&[d pol ynmeric el ectrolyte which are dispersed in

1. A hybrid polymeric electrolyte formed of a closed-
cell cellular polymer foam impregnated with an electro-
10 lytic liquid, comprising: |
a plurality of closed cells defined by cell walls
constituting a continuous solid-phase domain for the
hybrid polymeric electrolyte,
the continuous solid-phase domain comprising a
15 continuous solid polymer matrix impregnated with a non-
aqueous electrolytic liquid selected from the group
consisting of a solution of an electrolyte in a non-
aqueous solvent and a liquid electrolyte,
each of the plurality of closed cells being sub-
20 stantially filled with the non-aqueous electrolytic
liquid to form a plurality of liquid-phase domains for
the hybrid polymeric electrolyte which are dispersed in
the continuous solid-phase domain.
2. The hybrid polymeric electrolyte according to item

25 1 above, wherein the plurality of liquid-phase domains



t he continuous solid-phase domain. 2. The hybrid polyneric

el ectrolyte according to item 25 1 above, wherein the plurality of

| i qui d- phase donmi ns _ _ 13
conprise mgj or I'i qui d-phase domai ns each having a size _ of 2 pm or
nmore in ternms of the average value of the 13 long axis and short axis
of each |iquid-phase donain, the maj or |iquid-phase domai ns being
present in an 5 anount of from5 to 95 % by volune, based on the
entire wompre-sef me e th b wi dredhere idoms ot redght chaaing vdesbze

the major |iquid-phase domains contain effective lig- ui d- phase
domai ns havi ng ao§ Ze W o HIATE tig 3euws i9f the average mealbie tdf tlver age

val ue as defined _above, the effec- 10 | tive |iquid-phase domains being
present in an anmd@Rg &xis and ShQﬂF*a%ﬂsrﬁﬁe@%ﬁh\kﬂanéiﬂkﬁﬁﬁi%ﬁmﬁh@,tota
ha%ﬁ>donains. The hybrid

he .maj qr. | i.quid- 1 . 3.,
gglyggrfi eIeptra?véggggPoﬁ&qﬂfa%§#4%ﬁn mains being EF%ﬁﬁRﬁL}QWQEh has an
Lobss an T ATy | nethothttos trom 5 &8s & b Yiure S IREN AU dRire
I ' Al I iglo] \,_ as neasured
clectle PSRl B e (O 8 Ty

N R P T
ionic group and WH@~phiaR® domains HMATRPYsize of from 2 to 50 um in
terms of the average value as defined above, the effec-
10 tive liquid-phase domains being preseht in an -amount of
60 % or more by volume, based on the total volume of
the major liquid-phase domains.
3. The hybrid polymeric electrolyte according to item
1 or 2 above, which has an ionic conductivity of at
15 least 1 x 1072 S/cm and which is substantially insus-
ceptive to oxidation and reduction at an electric
potential in the range of from 1 to 3 V as measured
relative to a reference electrode of metallic lithium.
4. The hybrid polymeric electrolyte according to any
20 one of items 1 to 3 above, wherein the continuous solid
polymer matrix is free of an ionic group and migrating
hydrogen.
5. The hybrid polymeric electrolyte according to any

one of items 1 to 4 above, wherein the continuous

25 polymer matrix comprises a vinylidene'fluoride polymer.



5. The hybrid polyneric electrolyte according to any one of

itens 1 to 4 above, wherein the continuous 25 pol ymer matrix conprises
a vinylidene fluoride polyner.

14 " 6.° The hybrid polyneric electrolyte according to any

one of itens 1 to 5 above, wherein the non-agueous el ectrolytic
liquid is contained in an anbunt in the range of from 10 to 98 %
by wei ght, based on t he wei ght of the hybrid polyneric

el ectrol yte. 6. The hykye.dhydsylivongool o/ redreactisd kote cgtarding o nany o
any one of itens 1 to 6 above, wherein the continuous solid

pol yner matrix cOREr icfedtems dsiq fkabgus .,y vhengignethe non-aquedmasi ng a
crosslinked structure. _10 8. The hybrid polyneric electrolyte

accordi ng to iteflectrolytie Jdamdd jifecintaimed dgs An meeunt rivithe of
t he crosslinke I r, segnent, i.s forned by el ectron beam
i rradiation. range ng %%Fﬁ'g%‘f%/ﬂ?q ﬁ(ﬁ e el i toc thasisd ©mckhe drekoh®

item 15 7 Qe %h%b%\{r%ri %(r:oﬁa’rél%qtrik}_leﬁ(c r%&rw es.ol i d pol yner

matri x fudther conprises<a non- segnment, and

wherein the weight ratpg ‘i’xfyb"xj'i% (Ht;o(riiétl-sﬁlzlin e ec,ﬁrl#r%g}é:eed aoc?é%ﬁ@é}ﬁsjeﬁnganéyto

the total weight of the ed po seq

non-crosslinked 038 of itRflsYMeftc YWy S vJH%rtél% M e f L OND - Lot s
0. 8. 10. The hybrid polyneric electrolyte according to any
polymer matrix comprises a crosslinked polymer segment
having a crosslinked structure.
10 8. The hybrid polymeric electrolyte-according to item
7 above, wherein the crosslinked structure of the
crosslinked polymer segment is formed by electron beam
irradiation.
9. The hybrid polymeric electrolyte according to item
15 7 or 8 aboée, wherein the continuous solid polymer
matrix further comprises a non-crosslinked polymer
segment, and wherein the weight ratio of the cross-
linked polymer segment to the total weight of the
crosslinked polymer segment and the non-crosslinked
20 polymer segment is in the range of from 0.2 to 0.8.
10. The hybrid polymeric electrolyte according to any
one of items 1 to 9 above, wherein the non-aqueous
electrolytic liquid is a solution of an electrolyte in

a non-aqueous solvent.

25 11. The hybrid polymeric electrolyte according to item



one of itens 1 to 9 above, wherein the non-aqueous el ectrolytic
liquid is a solution of an electrolyte in a non- aqueous sol vent.
25 11. The hybrid polyneric electrolyte according to item

15 * 10-above, wherein the electrolyte is a lithiumsalt.

12. The hybrid polyneric electrolyte accordigg to item 10 or 11
above, wherein the non-aqueous solvent com prises at | east one
conmpound sel ected fromthe group 5 consi sting of a carbonate conpound

and an ester comiQ above, wheitedn the electkdlylie iyl ild frolymesdict.

el ectrolyte according to any one of itens 1 to 12 above, which is

in the formof ail12. The hybedid poliynerdd kldotesslyife facrorsdimy S {teem ]| m

10 14. A nethod for producing a hybrid polyneric el ectro-

| yte according ta0 vamll sbowe, cthendin e mure@oudous solvent cpm-

cl osed-cell cellular polyner foamw th a non-aqueous el ectrolytic

liquid sel ected Prédfeshatyleastcoms samppund selectkgd £xan (fthe rgxIurRn

electrolyte in a non-aqueous sol- 15 vent and a liquid electrolyte,

the pol ynms foarrPR&\ﬁlﬁg:lng of a carhonafig SPmEOYh AR & 12SRA? ISR by
onstituting a continuous solid polymer matrix of the

cell walls &
pol ymer foam pound. 15 The nethod according to item 14 above, wherein

D 7 AT R PR el HAE S AU o any
one of items 1 to 12 above, which is in the form of a
sheet having a thickness of from 5 to 500 um.

10 14. A method for producing a hybrid polymeric electro-
lyte according to item 1 above, comprising impregnating
a closed-cell cellular polymer foam with a non-aqueous
electrolytic liquid selected from the group consisting
of a solution of an electrolyte in a non-aqueous sol-

15 vent and a liquid electrolyte, the polymer foam having
a plurality of closed cells defined by cell walls
constituting a continuous solid polymer matrix of the
polymer foam.
15. The method according to item 14 above, wherein.the

20 amount of the plurality of closed cells of the polymer
foam is in the range of from 5 to 98 % by volume, based
on the entire volume of the polymer foam.
16. The method according to item 15 above, wherein the
plurality of closed cells comprise first and second

25 fractions of closed célls, respectively, having a size



on the entire volume of the pol yner foam 16. The met hod accordi ng
to item 15 above, wherein the plurality of closed cells conprise
first and second 25 fractions of closed cells, respectively, having a
si ze 16 of from1l to 50
pm and a size of larger than 50 pm 1gach in terns of the average
val ue of the long axis and short axis of each closed cell and
wherein the first and second fractions of closed cells are,
respectively, 2f frou dsa&y 50 pan s untsidfe @E Yarga®rihdy 5®lpme and in
an amount of less than 40 % by vol une, each based on t he total

vol unme of the pl eaah tin demisose] thad |aszerage valuey .ofl heharekdngl axicraidg
to any one of itens 14 to 16 above, wherein the inpregnation of the
pol ymer foam 10shortniadis lof reachacqiemesd aleddt ranid, twheteiquithe sfioskiuct ed
at a tenperature of from35 to 200 [e;ﬁ% 18. The method according
to any one of it &ms g@qqydyfractlons \RioﬁﬂﬂNQQ#¥§rﬁ?QKNFQﬁRﬁQEEN91Y:

el ectrolytic liquid further ses a swellin ent, and which
further 1% (%ﬁ&q%§qé‘}¥b\ﬂ“}‘i§méﬁ 25&%%&0% h e ¢igpd in

e, e R el Ry B b e
ore o 1o el Sonan e AR ARG PSR sled o e
17. The method according to any one of items 14 to 16
above, wherein the impregnation of the polymer foam
10 with the non-agqueous electrolytic 1iqﬁid is conducted
at a temperature of from 35 to 200 °C.
18. The method according to any one of items 14 to 17
above, wherein the non-aqueous electrolytic liquid
further comprises a swelling agent, and which further
15 comprises removing at least a part of the swelling
agenf after the impregnation of the polymer foam with
the non-aqueous electrolytic liquid.
19. The method according to any one of items 14 to 18
above, wherein the non-aqueous electrolytic liquid is
20 used in an amount such that the produced hybrid poly-
meric electrolyte has an ionic conductivity of at least
1.0 x 1074 S/cm, and that the surface area of the
produced electrolyte becomes 50 to 200 %, relative to

the surface area of the polymer foam prior to the

25 impregnation with the non-aqueous electrolytic liguid.



meric electrolyte has an ionic conductivity of at |east 1.0 x
10[err] S/cm and that the surface area of the produced el ectrol yte
beconmes 50 to 200 % relative to the surface area of the pol yner
foamprior-to the 25 I npregnation with the non-aqueous el ectrolytic

l'i quid. 17 17 20. The

nmet hod according to any one of itens 14 to 19 above, wherein the
pol ymer foam has at | east one con- . struction selected froma
construction in 2bichTheemethod acpordimy froamnyommel ©fs itemsodd itk dd®

pol ymer segnent 5 having a crosslinked structure fornmed by el ectron
beam i r r ablbwei, owheaned na then polymerofoam Weisclatt Heasd! ypng con-
foamis in a stretched form 21. A non-aqueous el ectrochenica

devi ce conpri si ngta‘uctlon selleghed tfigerelce consgdadictdm drhyddich 38 meri ¢

el ectro- 10 ite accordlng to any one of |tens 1 t%_13 above,

wherei n the at | BRIVMERo foRE: PP SESe Ay iCERSSdd K YOS50 RRSUSRE hybri d

I I I d I
PELYTEE L SO Rl ool R SERS A MR B
15 I f I | i f d
1 co "IT CHPMEREAR R R Y S g i

of the
pol ymer foam 234 The {864 rding to iten122 above, which
S I mpr egnafnec:I’ a non- aqueous el’ectrolytic liquid 20

sel ected from thg;grodp neNIRIdRS Y11 3AdHditaAl Rvice comprising at

least two electrodes, and a hybrid polymeric electro-

10 lyte according to any one of items 1 fo 13 above,
wherein the at least two electrodes are disposed
through the hybrid polymeric electrolyte.
22. An electrode comprising a particulate electrode
material and a binder comprising a closed-cell cellular

15 polymer foam comprising a plurality of closed cells
defined by cell walls constituting a continuous solid
polymer matrix of the polymer foam.
23. The electrode according to item 22 above, which is
impregnated with a non-aqueous electrolytic liquid

20 selected from the group consisting of a solution of an
electrolyte in a non-aqueous solvent and a liquid
electrolyte.
24. A method for producing an electrode according to
item 22 above, comprising molding a mixture of a par-

25 ticulate electrode material and a particulate closed-



el ectrolyte in a non-aqueous solvent and a |liquid el ectrol yte.

24. A nmethod for producing an el ectrode according to I tem 22 above,
conprising nolding a m xture of a par- 25 ticulate el ectrode nateri al
and a particul ate cl osed- 18
cell cellular polymer foam conprising a plugglity of cl osed cells
defined by cell walls constituting a conti nuous solid polyner
matri x of the polyner foam 25. A method for producing an el ectrode
according to 5Scell icdedhularalpoigmexo fioans icunpyl slingg s pliwtakityfof par -
ticulate electrode material and a polymer to obtain a nol ded
product, and foarilogedheeidlsydefined y msildewalls constgipiing a

26. A non-aqueous el ectrochem cal device conprising an 10 el ectrode
according to itefer¥iayens solid polymerTHatik ffuddss RYsMeHERFR cal
devi ce according to item 21 above, which is a ljthiumbattery.

28. The non- aquedds e%&ﬁ%@erﬁ%alprd&ﬂq;@%tﬂfbﬁfiﬁroée accqring ke
RRRARAIREIR MR JC S PRSP . 1 L L
o 2S00 eyl SRl Ul TR TR S WD o
CoPL UL O ChARME Gk gl B ober 20 A400 ©
: product.
26. A non-agqueous electrochemical device comprising an
10 electrode according to item 23 above..
27. The non-agqueous electrochemical device according
to item 21 above, which is a lithium battery.
28. The non-agqueous electrochemical device according
to item 26 above, which is a lithium battery.

15 As mentioned above, the hybrid polymeric electro-
lyte of the present invention is formed of a closed-
cell ce;lular polymer foam impregnated with an electro-
lytic liquid and has a hybrid structure which comprises
a plurality of closed cells defined by cell walls

20 constituting a continuous solid-phase domain, in which
the plurality of closed cells are substantially filled
with a non-aqueous electrolytic liquid to form a plu-
rality of liquid phase domains which are dispersed in

the above-mentioned continuous solid-phase domain, and

25 in which the above-mentioned continuous solid-phase



the plurality of closed cells are substantially filled with a

non- agueous electrolytic liquid to forma pl u- rality of liquid
phase domai ns which are di spersed in t he above-nenti oned

conti nuous 'sol i d- phase domain, and 25 i n which the above-nenti oned
conti nuous solid-phase 19 19
domain is inpregnated with the non-aqueous el ectrolytic l'iquid.

In the hybrid polyneric electrolyte of the present i nvention, it
is preferred thadomadniey dmpregnatedl with theplnorsldduemis |elptidegilyaisiac
domai ns conprise major |iqQ- ui d- phase domai ns each having a size
of 2 pmor nore ildquid. terns of the average value of the |long axis and
short axi s of each |iquid-phase domain (hereinafter, fre-

quently referred to siliplBheadhybmig m@ﬂa@@%laleeqtrqme @t the rpyegent

| i qui d- phase donmi ns being present in an anou of from5 to 95 %
by vol une, based18ﬂePWéQQﬂ|¥§3Rﬁﬂﬂﬁﬁ§erred tha?ﬁtQQN?QRHﬁTWP%Eﬂ%Hﬁﬁ

el ectrol yte, and er i.n the UId hase, domai ps contaln
i Toet tvos | qur aplarality B 1dauigratibe dmains SORbes B oF (%0 pm

interms 15 f av value he effective |] d- phase do-
uld &)E)l%se %’ g?avrinlgor L sd.ze ofql'ﬂ }.mp w5 un}%re b’a‘% ed

mai ns bei ng present an am)

on the total vol wug.« %fo&h%qgﬂévﬁﬂ%#§ﬂd$lue of th%F¥BH§3é§¥E“éHH short

In the present invention percentage o
axis of each liquid-phase domain (hereinafter, fre-

quently referred to simply as "the average value"), the
10 major liquid-phase domains being present in -an amount
of from 5 to 95 % by volume, based on the entire volume
of the hybrid polymeric electrolyte, and wherein the
major liquid-phase domains contain effective liquid-
phase domains having a size of from 2 to 50 pm in terms
15 of the average value, the effective liquid-phase do-
mains being present in an amount of 60 % or more by
volume, based on the total volume of the major liquid-
phase domains.
In the present invention, the volume percentage of
20 the liquid-phase domains of the hybrid polymeric elec-
trolyte is evaluated by the examination of the struc-
ture of cross-sections of the hybrid polymeric electro-
lyte. Specifically, a sheet of hybrid polymeric elec-
trolyte is frozen with liquid nitrogen, and cut with a

25 microtome, a razor or the like along three planes (X-2Z



20 t he |iqui d- phase domains of the hybrid polyneric el ec-

trolyte is evaluated by the exam nation of the struc- ture of
cross-sections of the hybrid polyneric el ectro- | yte.
Specificalty, a sheet of hybrid polyneric elec- trolyte is frozen

with liquid nitrogen, and cut with a 25 90 mcrotone, a razor or the
| i ke along three planes (X-Z : 20
pl ane, Y-Z plane and X-Y plane of the X, Y, Z coordi - nat es wherein
the X-Z pl ane angi¥né,plyate piatetl alhdn X-Y planedloghe )i aknes swomii-
direction of the sheet) which are per pendi cul ar to one another, to
obtain a sanpl e hatesgwhefrein thier Xi-Z pdamed asndd Y47 pd.agyeo s-es dtieons
correspondi ng, respectively, to the X-Z, Y-Z and X-Y planes. Each
of t he felong sedbidkaessmiised drectioscdforithefshaat) which aggmpl e
i's exam ned by an optical mcroscope. Wth respect to each of the
first, second an@erperdicudss. tojgne angdherpndpohtfensnfample having

cross-sections of |iquid-phase . domai ns, which are dispersed in the
conti nuous sol i dfirst, Secﬁﬁ@%é“@oﬁ&%ﬁﬁ-&H?%ﬁﬁ%ﬁqﬁ%?Q§)Qﬁﬁﬁﬁé%QRQ%qﬂé

t f the.total f - ' f th I qui d-
PErOETae | sepibrtlRasl B AR, LRBHLH L Rled " sk
| e. In thisg,l . , t | qui d- . '
L et

TP JOTREEBIEA1E WaleAhd i, on AR, CRUEREI Ol 2 Ler 1
axis of each ~ respect to each of the first, second and third cross-
10 sections of the sample, cross—sectioné of liquid-phase
domains, which are dispersed in the continuous solid-
phase domain, are examined to determine the percentages
of the total areas of cross-sections of the liquid-
phase domains, based on the area of each cross-section
15 of the sample. [In this instance, among the liquid-
phase domains appearing in each cross-section of the
sample, only those liquid-phase domains each having a
size (average size) of 2 ym or more in terms of the
average value of the long axis and short axis of each
20 ligquid-phase domain, are measured.] The average of the
percentages of the respective total areas of cross-
sections of the liquid-phase domains, obtained with
respect to the first, second and third cross-sections

of the sample, is calculated and taken as the volume

25 percentage of the liguid-phase domains of the hybrid



20 | i qui d- phase domain, are neasured.] The average of the

percentages of the respective total areas of cross- sections of

t he |i qui d- phase donai ns, obtained with respect to the first,
second and'third cross-sections of the sanmple, is calculated and
taken as the volune 25 percentage of tfe |iquid-phase donmins of the
hybrid 21 pol yneric

el ectrolyte. In the present invention, the vol une of a |iquid-phase

domai n communi capbbRgmehct Témctro te.SUThaGhed pridiRnity BirvialatTe Mt
el ectrolyte is not Included in the total volume of the |iquid-phase

do- 5 mai NgoluAe oFpar dliywdd-phalkles dofiaieX @Bniiuig datfiigl-with the
phase domains, there may be nentioned optical mcro- scopes, such
as a netal | ur gi casurfaceosfopheahybarildapelymeric elauntmadsdepd;s anot
differential pressure electron mcro- scope; an ultrasonic

m croscope; and ancXudad GCh the todal volewe ofhythesiligiudid-whassainc

m croscope or-an X-ray CT, exam nation of a sanple can be

per f or ned 5wi t houains. As @%%%&W@@%@W%W%M@d—

When t he anpunt of t he maj ar ui d- phase donaln each having an
average size of Ph§fof OWE%QSPS%WQ§§ mpy be mﬁﬂﬁ%?ﬁ?d%QRF%ﬁﬂkuﬂ9C§%wed on

~the entire volune of the h rlﬂ Poly ric, eIectroI tge |on|c
conductivity ScoPesbe@Wﬁ@b ﬁé* &Hﬁgi

the rraj %rlcro lélt)%é)has %l IISClaa.C pre% I% %rie%vt%roa}g%niscj:xzo-

scope; an ultrasonic microscope; and an X-ray CT. Of

10 these, by using an ultrasonic microscope or an X-ray
CT, examination of a sample can be performed without
exposing a cross-section of the sample.

When the amount of the major liquid-phase domains

each having an average size of 2 ym or more is less

15 than 5 ¥ by volume, based on the entire volume of the
hybrid polymeric electrolyte, the ionic conductivity
becomes low. On the other hand, when the amount of the
major liquid-phase domains each having an average size
of 2 ym or more is larger than 95 % by volume, based on

20 the entire volume of the hybrid polymeric electrolyte,
the mechanical strength of the hybrid polymeric elec-
trolyte becomes low. It is more preferred that the
volume percentage of the major liquid-phase domains be
from 10 to 90 %, based on the entire volume of the

25 hybrid polymeric electrolyte.



of 2 [err]mor nore is |larger than 95 % by vol une, based on 20 t he
entire volune of the hybrid polyneric electrolyte, t he mechani ca
strength of the hybrid polyneric el ec- trolyte beconmes low It is
nore preferred that the vol une percentage of the major

| i qui d- phase domai ns be from10 to2890 % based on the entire

vol unme of the 25 hybrid pol yneric el ectrol yte.

22 Further, as nentioned above, it is preferred that

t he amount of the maj Furthes,dashaentdonedsbeae) it is prefarred arhat
average size of nore than 50 pm be | ess than 40 * by vol unme, based
on the total vol the eftouné ] dhe mBjor Niquiidtphteese damming.eagh is nore
preferred that the anount of the nmajor |iquid-phase domai ns each
havi ng an havipgr 8Fec ayeragst sigee oth Mes0 Yhary ]5rﬂ B |hes stesm it o by
volume, still nore greferably | ess than 20 % by volu based on
the total vol une48f 3t k¥ Yelome:.| cﬁlﬂs&dplﬁ’é%é:helCFOtal d’(ﬂ?ﬁ’r“}% of \fhs BxEeT

.
t ot al I f e d th | f
' opepgg ﬁa.gegrof RT3 R S AR

| yte where a Iar eTolpe:Y h r
present, non-uni %r %g y |s r?ro tﬁﬁl gqail\?vn s € ml1 O3n(?5 %\nﬁ%l n the

hybrid pol yneri Cvahﬁﬁlbr Ols\(:tl@.:l %@ﬁéﬂfﬁreferably 1\/&1.@1 i WMPrd bpalyI@id C
electrolyte is used fo

based on the total volume of the major liquid-phase

10 domains. When the amount of the majof liquid-~phase
domains each having an average size of more than 50 pm
is 40 % by volume or more, based on the total volume of
the major liquid-phase domains, since the flow of ions
is large at portions of the hybrid polymeric electro-

15 _ lyte where a large number of large liquid-phase domains
are present, non-uniformity is produced in the flow of
ions within the hybrid polymeric electrolyte, so that
when the hybrid polymeric electrolyte is used for a
battery, problems tend to arise such that local over-

20 charge or overdischarge occurs at the time of charge or
discharge. In addition, when the amount of the major
liguid-phase domains each having an average size of
more than 50 ym is 40 % by volume or more, based on the
total volume of the major liguid-phase domains, possi-

25 bilities arise such that the mechanical strength of the



battery, problens tend to arise such that |ocal over- 20 charge or
overdi scharge occurs at the tinme of charge or di scharge. In
addi ti on, when the amount of the major | i qui d- phase donmi ns each
havi ng an aver age si ze of nore than 50 pmis 40 % by vol unme or
nore, based on the total volune of2d he major |iquid-phase domains
possi- 25 biliti'es arise such that the nmechanical strength of the

23 hybrid polyneric electrol yte becones | ow and distortion
occurs. hybridl polimepiesedectrodgteobecbingsi dophasd ddstioryion
havi ng an average size of less than 2 [err]mare regarded 5 as the
el ectrolytic |igoedurspregnated in the continu- ous solid polyner
mat ri x. | nportant |iquid-phase domains in the hybrid

pol yneric el ectrol yt elnf theeppeesant inyeairsn Aiguid-phasec ns

| i qui d- phase domai ns not conmunicating with the 10 surface of the
hybrid pol yneri chevérgr apyayeragengize of 1ﬁ§§rF&aﬁopyﬁﬁkﬁEeém§9§§ﬂ%%na may
contain |iquid-phase domai.ns _qpeni_.ng on the surface,of the . hybrid
pol ymeric5 asckber PARFEEOLERGS: fAHrda, HIDEBRHeRs 100 RbE CFHI

t hr ough- hol es. However, .i eferred that the total 15 vol une of

Lt
t he Iiquid-phase°88n§P3§aoBé§?ﬁrroWaFﬁ%x’ surface of the hybrid
polymeric el ectrolyte gad A6 Hiquig-p %%B,i ﬁg&@&'fx% dMRinas HyRstd tuti ng

t hr ough- hol es be | ess ased on the entire”volune of the
hybrid BohyhBLLE eheckrdhyte ot the peReehnd hveindfin etdd 0
closed liquid-phase domains not communicating with the
10 surface of the hybrid polymeric electfolyte; -The
hybrid polymeric electrolyte may contain liquid-phase
domains opening on the surface of the hybrid polymeric
electrolyte, and liquid-phase domains constituting
through-holes. However, it is preferred that the total
15 volume of the liquid-phase domains opening on the
surface of the hybrid polymeric electrolyte and the
liquid-phase domains constituting through-holes be less
than § %, based on the entire volume of the hybrid
polymeric electrolyte. It is especially preferred to
20 reduce the total volume of liquid-phase domains consti-
tuting through-holes to a level as low as possible.
When the hybrid polymeric electrolyte contains liquid-
phase domains constituting through-holes, leakage of
the non-aqueous electrolytic liquid is likely to occur.

25 For selecting a desired hybrid polymeric electro-



20 reduce the total volune of |iquid-phase donmains consti -
tuting through-holes to a | evel as | ow as possi bl e. When t he
hybrid polyneric electrolyte contains |iquid- phase domai ns
constituting through-hol es, |eakage of t he non- agueous
electrolytic liquid is likely to occur. 25,4 For selecting a
desired hybrid polyneric el ectro-

24 |l yte in which the volune of through-holes is snall,

there can be enphgyedihhenih QN GIRIMOGE WhHrdbugh-holes is HWdll,t0 a
polyneric electrolyte in the formof a sheet, the vol une of

t hrough- hol es i nthbeePayd @mployed iRl Eoldlowithes hrathdds exdainuateed in
terms of the water perneability as an evaluation criterion, which
is gener ableytuted & golgwainial igledtrelydrerdabittid faxfm of a filter
materials. Illustratively stated, a hybrid polymeric electrolyte
sheet cont ai ni ngsheed, edtheolmaliume ¥ thrdughiitblies fin sthe mmeiymaria

et hanol to extract the el ectrolytic liquid fromthe sheet and

repl ace the elecdingdortsl yheet ilguievadpatad dmferms i theevatier sed
in water to replace the ethanol in the open cells . whi_ch,
cormmuni cat e wi t hPer@eabilddty & e adaatigp omfiteriqpy gfhichy ik equent |y,

the resultant sheet is _held b nenbr gne hol der. a water
pressure is appIH&EQF?ﬂ%¥au5éﬁi¥°r VRt g Eﬁ?ﬂ??ﬁfigkYS et hel d

g% dt P ﬁ emanbr ane filter mahcoelrdiearlst .O F?I‘.e.l.rlrtrlesa!ttrea'l;:ihvee.'ﬁ’yva tseéa'éetg,oug r}l};l;}elé heet,

polymeric electrolyte sheet containing an electrolytic

10 liquid is first immersed in ethanol to extract the
electrolytic liquid from the sheet and replace the
electrolytic liquid by the ethanol, and then immersed
in water to replace the ethanol in the open cells
(which communicate with the surface of the sheet) by

15 water. Subsequently, the resultant sheet is held by a

| membrane holder and a water pressure is applied to the

surface of one side of the sheet held by the membrane
holder to permeate the watef through the sheet, and the
amount of the water permeated through the sheet is

20 measured. In the hybrid polymeric electrolyte of the
present invention, it is preferred that the amount of
the water permeated through the sheet be 10
liters/mz-hr-atm or less as measured by the above-
mentioned method, wherein the sheet used is one which

25 has been immersed in ethanol for 4 hours and in water



anount of the water perneated through the sheet is 20 measured. In
the hybrid polyneric electrolyte of the present invention, it is
preferred that the anmount of t he wat er perneated through the sheet
be 10 ’ titers/nferr][err]hr[err]atmor |ess as neasured by the
above- menti oned method, wherein the sheet used is one which 25
has been i mMmersed in ethanol for 4 hours and in water

25 for 1 hour successively. In the hybrid polyneric

el ectrolyte of therpieseilr successikv@igntion, it is preferred that the
non- aqueous el ec- trolytic liquid be contained in an anmount in the

range 5 of fromrhOthe H§b¥ildy pediyielriceleqireilsradlof fiten phfesent

to 95 % by wei ght, based on the weight of the hybrid pol ymeric

el ectrol yte. Wiednveetdont edtt dis phefreored that thegueousgiemis ;lecc

liquid in the hybrid polyneric electrolyte is less than 10 % by

wei ght, the ioni trolgtic ldamddcbeyicopteiinede iny an @nointein cthe aangs yt e

be- comes too low. On the other hand, when the content of

t he non-adueous efe&redl YO &9 9§uidd bvh weH@hbmare preferahyly irem 15

el ectrolyte is nore_than_98 % by wei ght, the mechani_cal, strength of

the hybrid pol yn&Pi &Sefebly Meshgé‘tfl?ased 98 s Wegghtopt the hybrid ™ 1pe

content of the non-aquequs electrqlytic Ljqui i.n g%e hybri d

pol yneric el ectr BPJTRETLC Rleg Eé’gﬁ’;ée‘ ihén ilﬁ\?erﬁqrbﬁ?rb%r? et’b%tréc??ﬁ ned

fromthe weight gghegkstgiectrolytic liquid in the hybrid polymeric
electrolyte is less than 10 % by weight, the ionic

10 conductivity of the hybrid polymeric electrolyte be-
comes too low. On the other hand, when the content of
the non-aqueous electrolytic liquid in the hybrid
polymeric electrolyte is more than 98 % by weight, the
mechanical strength of the hybrid polymeric electrolyte

15 becomes too low.

The content of the non-aqueous electrolytic liquid
in the hybrid polymeric electrolyte of the present
invention can be determined from the weight (P) of the
polymer foam prior to the impregnation of the non-

20 aqueous electrolytic liquid and the weight (E) of the
hybrid polymeric electrolyte after the impregnation of
the non-aqueous electrolyte liquid in accordance with
the formula below. Alternatively, the content of the

non-aqueous electrolytic liquid in the hybrid polymeric

25 electrolyte can be determined by extracting the non-



pol ymer foamprior to the inpregnation of the non- 20 aqueous
electrolytic liquid and the weight (E) of the hybrid pol yneric

el ectrolyte after the inpregnation of t he non-aqueous el ectrol yte
liquid in accordance with the fornmula below. Alternatively, the
content of the non- aqueous el ectrolagic liquid in the hybrid
polyneric 25 el ectrolyte can be determ ned by extracting the non-

26 aqueous electrolytic liquid fromthe hybrid polyneric

el ectrol yte i npraguates eilebtirbdytde- ddgedds febectthel hybrid polymegild qui d,
foll owed by drying, and subtracting the wei ght (P) of the dried
pol ymer from t heehecyholyEp dfipregnated: wé thy rhied npoi-pamecs:seled eartaiolse

i npregnated with the non- aqueous electrolytic liquid in accordance

with the tigr kiauife| d@llowed by dryinggoahénfubkrpEtidigiie of
el ectrolytic liqui

= E
hybri d polynerlCWEFGEFr6P9tQfthFhérﬁPQ:Q Ymer)frOmiﬁ@@hWQ$$qﬁnﬁﬁh§§§ t he
b t d d
ST o prase o Bhd" Behila patsmesinge %%Pﬁxﬁsg&ﬁ‘%?ﬁ'ﬁ%&aﬁgww%gﬂﬁm' or
15 mat ri x |

(hereinafter, 8Heﬁ§}‘§g}‘$f er ﬁggrggyg%g%eﬁgggﬁ' il %lc}g pglnfr?erWlp ag‘q‘%)

The amount of nogogﬂﬁﬁgu§eib§ctroly- tic liquid in the polyner
phase i npregnate t he :

Content (% by weight) of electrolytic liquid =

100 x (E - P)/E.
10

The hybrid polymeric electrolyte of the present
invention comprises the above-mentioned plurality of
liquid-phase domains and a continuous solid-phase
domain comprising a swollen continuous solid polymér

15 matrix impregnated with a non-aqueous electrolytic
liquid (hereinafter, frequently referred to simply as
"polymer phase"). The amount of non-aqueous electroly-
tic liquid in the polymer phase impregnated with the
non-aqueous electrolytic liquid is preferably from 10

20 to 90 % by weight.

The impregnation of the polymer phase of the
hybrid polymeric electrolyte with the non-aqueous
electrolytic liquid can be confirmed by determining the
difference between the weight of the polymer phase [the

25 weight of the polymer phase is determined from the



non- aqueous el ectrolytic liquid is preferably from10 20 to 90 % by
wei ght . The i npregnation of the polynmer phase of the

hybrid polyneric electrolyte with the non-aqueous el ectrolytic
liquid can- be confirmed by determ ning the di fference between the
wei ght of the polyner phase [the 25 wepght of the polynmer phase is
determ ned fromthe 27

di fference between the weight of the hybrid polyneric el ectrol yte

and the wei ght ofiiflferkhae Bethesn db@weight of thEMhybirideipgityreanide
obt ai ned fromthe volune of the | i qui d- phase domai ns)] and the
wei ght of the pokleetrolyte aniiodimepwiedightto afhdhenprigyid-phass ddmains
non- aqueous el ectrolytic liquid (or the weight of the polymer which
i s obtained by exwhichi wgighd cem heuehiaimedcifirem tthe volume qf gl from
the hybrid polyneric electrolyte and sub- Jecting the resultant
pol ymer to dryi ngjauAbrehagse gemaing)]l and, thenaeighyte gifartiheh RFLMGF

pol ymer phase of the hyhrid polyneric electrolyte with the
non- aqueous el ecEPgmypréor to thqiﬂ%ﬁﬁé@ﬂ%¥%&?¢9ﬁhﬁﬁ$%§?qi?QHﬁﬂH§n ng the

|00 10 90 paophRilaIG, TR TS G W e
PO 2SS S SCLL oL R AR AN Ll df¥rugous sadARBERA
Lgméﬂ ?;:ﬂ;ﬁt ?2? 588092 om the hytd¥ igd1Phd AP AIAMNTDIGAR P ahfuy med
jecting the resultant polymer to drying). Alternative-
10 ly, the impregnation of the polymer phase of the hybrid
polymeric electrolyte with the non-aqueous electrolytic
liquid can be confirmed by observing the lowering of
both the melting temperature and the glass transition
temperature of the polymer phase after the impregnation
15 of non-aqueous electrolytic liquid as compared to those
temperatures prior to the impregnation. The measure-
ment of both the melting temperature and the glass
transition temperature can be performed by differential
thermal analysis. The relationship between the content
20 of non-aqueous electrolytic liquid in the polymer phase
and each of the melting temperature and the glass
transition temperature varies depending on the type of
the polymer. The content of the non-aqueous electroly-

tic ligquid in the polymer phase can be determined from

25 the relationship between the content of the non-aqueous



thermal analysis. The rel ati onship between the content 20 of

non- agueous el ectrolytic liquid in the polynmer phase and each of
the nelting tenperature and the gl ass transition tenperature varies
dependi ng on the type of t he pol yner. The content of the

non- aqueous el ectrol y- tic liquid ipgthe polynmer phase can be
determ ned from 25 the rel ationship between the content of the

non- agueous 28

el ectrolytic |iqeldctiollftipolyamidatic ehehpolymes and eachnelft ithe
tenperature and the glass transition tenpera- ture of the polynmner.
Wien the cont ent meltihog- &emperature and dhecglelsyt itoransgdiien rrenpensol yrer
phase is | ess than 5 10 % by weight, the ionic conductivity of the
hybri d purenefi thel polysiey.c Whesmibe gontent of tﬂ@ﬁ%@ous
hand, when the content of non- aqueous electrolytlc quid_in the
pol yner phase i seﬂr@raé:rpﬂarﬁlgvolmyl the P\Wéﬁ’ﬂl?tr Rlﬁ;serré@na'ltﬁﬁlﬂ?ﬂ engt h
of the polyner phase : becones .undesi r ab) , The
hybrid poBynmeric QlﬁcpﬁbW?F§h§f Fhe ﬂP@géhFonddétlégqx“ﬂﬁﬂFQﬁ1q%ﬁ?%?h|gh
I oni ¢ conductivit Spegi ficall ' referr t,hat e hybrid
pol yneric el ect rB\é}?@%rg‘c e ec%lgﬂ}é’tzfn lﬁe&? c&r?(?ogtol"{fl t?dnoft at 9 tglasr[ 1 X
Loferr] S/cM  hang, whdhCRedlohilind S35 hoh bty ]elt\?:.(c.pé(?o e
measur enent of I'oni c conductivity l'ymeric
el ectro- 1148 4% GRRAYISMeAS ghildeP WS nﬁz@"ﬁﬂeﬁ‘u %o t%wwybr id
weight, the mechanical strength of the polymer phase

10 becomes undesirably low.

The hybrid polymeric electrolyte of the present
invention has a high ionic conductivity. Specifically,
it is preferred that the hybrid polymeric electrolyte
have an ionic conductivity of at least 1 x 10'5 S/cm,

15 preferably at least 1 x 10~4 S/cm. The measurement of
the ionic conductivity of the hybrid polymeric electro-
lyte is conducted as follows: A sample of the hybrid
polymeric electrolyte is sandwiched between two metal-
lic electrodes, and the sandwiched polymeric electro-

20 lyte is subjected to measurement of an alternating-
current impedance in accordance with the conventional
method. The ionic conductivity is calculated
from the real part of the complex impedance expressed

in the form of a plot. The ionic conductivity (IC) is

25 determined from the impedance (Z) of the sample, the



polynmeric electrolyte is sandw ched between two netal - lic

el ectrodes, and the sandw ched pol yneric electro- 20 lyte is

subj ected to nmeasurenent of an alternating- current inpedance in
accordance*wi th' the conventi onal met hod. The ionic conductivity is
cal cul at ed fromthe real part of the conpl ex inpedance expressed
in the formof a plot. The ionic conductivity (1C is 25 det er m ned
fromthe i npedance (Z) of the sanple, the

29 ar eared) (af) afpar tporticn edft leash idfe tHee dlertasodds afhich
portion is contacted with the sanple, and the thickness (L) of the
sanpl e i n accor dperéiant ist ronteidted mg.th the sampdrejuland the thickness

IC=L/(Zx A. The hybrid polyneric electrolyte of the
present (Edvedt the sanpler dex @ccaxdanee e Hhoithe fplfawinged

bel ow, as conpared to_conventional polyneric electro- 10 lytes. Wth
respect to a con¥8RPMAAAl pol ymeric el ec- trol yte obtained by
i ncorporating an electrolyte and a solvent for the electrolyte

into a polsymer, for the purpose Qf increasing the ionic
conductivity of the pol yrreri&% el gb[t(rzol"yﬁg,‘ It has been attenpted
toin- 15 crease the content of the solvent in the polyneric

el ectrol yte. However, gl ﬁy%?lﬁigjog%ﬁ%%% %ﬁ%@t@@l%ﬂ:%h of the présl.‘gﬁt when

the content of the solvent i
invention is characterized in the point as mentioned

below, as compared to conventional polymeric electro-

10 lytes. With respect to a conventional polymeric elec-
trolyte obtained by incorporating an electrolyte and a
solvent for the electrolyte into a polymer, for the
purpose of increasing the ionic conductivity of the
polymeric electrolyte, it has been attempted to in-

15 crease the content of the solvent in the polymeric
electrolyte. However, this method poses a problem such
that when the content of the solvent in the polymeric
electrolyte is increased, the mechanical strength of
the polymeric electrolyte becomes low. Therefore, with

20 respect to the above-mentioned conventional polymeric
electrolyte, from the viewpoint of achieving the me-
chanical strength suitable for practical use, the
content of the solvent in the polymeric electrolyte is
limited. Thus, the above-mentioned conventional poly-

25 meric electrolyte which is obtained by simply incorpo-



electrolyte is increased, the nechanical strength of t he polyneric
el ectrolyte becones |low. Therefore, with 20 respect to the
above-nmenti oned conventional polyneric el ectrolyte, fromthe

vi ewpoi nt bf achi eving the ne- chani cal strength suitable for
practical use, the content of the 80lvent in the polyneric
electrolyte is limted. Thus, the above-nentioned conventiona
poly- 25 nmeric electrolyte which is obtained by sinply incorpo-

30 r at ineging a@re@lesitnod vhied and @ wodvenyy for erlkegiprelyte
into a polymer contains an electrolytic liquid only in a smal |
anount, so that &R&ES EnhiRelFEeR Antaipspfan [plectrolytigoiigekd only in

electrolyte is low. On_the other hand, the 5 hybrid pol ymeric
el ectrol yte of tﬁesﬂﬁééeﬁwqqﬂﬁﬂﬂ§9n$hat the igndg iqndussidyiinigh the

mechani cal stren t and .a ni ¢ cond I vit en t he
content of the n&fiymeric el%é’(}if@dlyt%llesc%'lp&'ytl qﬁ}ﬁj %?F\i}ﬂé‘%b"f

pol ymeric o IQP: h e i0 conduct|V|ty 10
of the hydid po nerl:ag%e %% cserl t%‘g’r%er g)gferﬁlna pre%ech I HOSHT S

hi gh, as cormare@xmbatrsoweﬂlowgrpm&ha ical stilidth Uritfd U \Mﬂch
Is obtained by filling t pores of an ion-non- con uctlv porous

material having ionic corfdﬂ{dﬂigﬂﬂ%‘)le%%n( Sifdh ahe? QRIS R WalEfddh- Wi th
an 15 electrolytic liquid he reason for this has not been
el uci dat ed, but kiguebusorRIiedaired vitidd Likgrildy B &H®IHybrid polymeric
electrolyte is high. Further, the ionic conductivity
10 of the hybrid polymeric electrolyte of the present
invention is high, as compared to a conventional poly-
meric electrolyte which is obtained by filling the
pores of an ion-non-conductive porous material having
through-holes (such as a porous polyolefin) with an
15 electrolytic liquid. The reason for this has not been
elucidated, but it is considered that the hybrid poly-
meric electrolyte of the present invention has an
excellent ionic conductivity due to its hybrid struc-
ture wherein the hybrid polymeric electrolyte comprises
20 a plurality of liquid-phase domains comprising a plu-
rality of closed cells substantially filled with a non-
aqueous electrolytic ligquid and a contiﬂﬁous solid-
phase domain comprising cell walls impregnated with the

non-aqueous electrolytic liquid.

25



nmeric electrolyte of the present invention has an excellent ionic
conductivity due to its hybrid struc- ture wherein the hybrid

pol ynmeric electrolyte conprises 20 a plurality of liquid-phase
dormai ns conprising a plu- rality of closed cells substantially
filled with a non- aqueous el ectrogytic liquid and a continuous
sol i d- phase domain conprising cell walls inpregnated with the
non- aqueous el ectrolytic liquid. 25 '

31 TheThpbhythrid pyoavmerdle dlledtridl yitfe Ide tHee gdsent
I nvention is produced by inpregnating a closed-cell cel lul ar

pol ymer foam w t ingent¢lieat iel priodudeduiby. impregnatiid e redspesi-dall he

vol une percentage of the closed 5 cells, based on the entire vol une
of the polyner foedlular polymehrefoams widhpant iedwctrdliytiiatiigmidowever,
for achieving the desired effect of the present invention,

t he amount of thUl@ho§§§P@§¢I§00¢hﬁh§q&ﬂmﬁﬂﬂeHQ§ﬂﬁaQ§ of the clusedt ed
fromthe range of from5 to 98 % by vol une. \When t he anDunt of the
closed ceBls is P@%%%h&ﬁsﬁd%"ﬁ‘y the entlr\?ol"@t%‘fé‘mea oftthg Rmey Fegyh

i oni ¢ conducti vi of th bri ql ic electrolyte cannot be
achi eved. In the? re fg BPe?@ﬁftlcl‘(é@l’r‘t qﬂ'ﬁ‘ q‘b\/\/erl'IqVT‘?rﬁetlyfof £Q%he anmount
of t he cIoged cel

f bl volune I
preferably 40 % BY VSIVuﬁg g%%t%‘ﬁgda#ﬁtc ff he pregenr%’&ve%’%’e?’ﬁs is
more than 98 %)b¥h¥05Hgﬁntao§a%h§f%ﬁ%%ed cells of the polymer foam is

selected from the range of from 5 to 98 % by volume.

10 When the amount of the closed cells ié less than 5 % by
volume, a satisfactorily high ionic conductivity of the
hybrid polymeric electrolyte cannot be achieved. 1In
the present invention, the lower limit of the amount of
the closed cells is preferably 20 % by volume, more

15 preferably 40 % by volume. When the amount of the
closed cells is more than 98 % by volume, a satisfacto-
rily high mechanical strength of the hybrid polymeric_
electrolyte cannot be achieved. Therefore, the upper
limit of the amount of the closed cells is 98 % by

20 volume, preferably 97 % by volume. The volume amount
ratio of the closed cells can be obtained by subtract-
ing, from the void ratio of a polymer foam, an open
cell ratio détermined in accordance'with an air pycnom-
eter method described in ASTM-D2856. Illustratively

25 stated, the void ratio can be calculated from the



rily high mechanical strength of the hybrid polyneric el ectrolyte
cannot be achieved. Therefore, the upper limt of the anmount of the
closed cells is 98 % by 20 vol une, preferably 97 % by volunme. The

vol une anount - ratio of the closed cells can be obtai ned by

subtract - ing, fromthe void ratio g5 a polyner foam an open

cell ratio determned in accordance with an air pycnom eter method
described in ASTM D2856. Illustratively 25 stated, the void ratio can
be cal cul ated frepeldific gravity of the polymer foam and the specffic
specific gravity of the polymer foam and the specific gravity of

t he bul k pol yner grawd tiyhef thee buidd [polatmexr, and the cslipdmsd ol Bl nealt by
subtracting the open cell ratio (as measured by an air pycnoneter)
fromthe voi d racap besobtaigigdibrduiirasting e yopen feabs fatiqrOasici ng
t he hybrid polyneric electrolyte of the present invention,

pol yners havi ng MeesHFech&ive e/ oysganetan ks n Hghe void ratidace
thereof in addition to the_above-nentiaoned closed cells can al so be

used. Howdver, aoRBin@d fPove. pdis RAlvEmes £Qam i @nadvrtngythe
probl em. ino - hybrig polyRel st anlihe o iR RFTIRN GUVERE PR
I oua o o2 O RIS by SNAR RS i tPor apen L S o
that the amount %Lf@@%é:@H@ﬂ§$f in addition to the above-mentioned
closed cells can also be used. However, a hybrid
10 polymeric electrolyte obtained by impregnating such a
polymer with an electrolytic liquid has problems in
that a leakage of the electrolytic liquid from the
through-holes or open cells is likely to occur, and
thus it is preferred that the polymer have no through-
15 holes or open cells, or that the amount of the through-
holes and open cells be less than 5 % by volume, based
on the entire volume of the polymer. Volume percentag-
es of these through-holes and open cells are not in-
cluded in the volume percentage of the. closed cells of
20 the polymer foam. In the present invention, with
respect to the shape of the cross-sections of closed
cells of the polymer foam, there is no particular
limitation, ahd the closed cells can take a shape of

circle, ellipse or the like. With respect to the size

25 of the closed cells of the polymer foam, each in terms



hol es and open cells be less than 5 % by vol une, based on the

entire volune of the polyner. Vol une percentag- es of these

t hrough- hol es and open cells are not in- cluded in the vol une

per cent age* of the closed cells of 20 the polyner foam In the present
i nvention, with respect to the shapggof the cross-sections of

cl osed cells of the polyner foam there is no particul ar
limtation, and the closed cells can take a shape of circle,

el lipse or the |pketh¥ bireragpethlue e thieZ@onddb axis @ind hadtoseti<cald s
of the polyner foam each in terns

33 of tdéechvelagedveakeld,ofthelre Hennoapas tdathlsrodiinextiatiain

each closed cell, there is no particular limtation si nce various
si ze can be sel esindedvpridusgsdmet tanube selectedofdepemdisigywey Hheamse 5
Each of the closed cells generally has a size of from 100 nmto
100 [err]m pref@fabh? Ppgﬁmgr[épﬁpnlto 50 [err]m In the

present invention, Ereferred t hat cl osed cells having a size

of from15to 50 B ﬁ‘P e°i§r§ e closed cglis gepgraddyntast a6(?1%9010 Loy

vol ume, based on entire_ v t he ose | s. Further,

it is %9é dtPhgﬁocPU%eHrg FFg%ﬁXVFﬁﬁmhss ot"™smal | -

er than 50 pn1be pres n an_anmount, of | ess th qn 40 % vol une,
b

based on the entire v e, PIERENE doygntion, céﬁ:?reﬁﬁgﬁggmﬁﬁ%qrnt of
the expansion raghg (¥0LURR s h3ving A ALY TR 23V YUNERD Yn RY YWhsPriOr

to foam ng) of
ent in an amount of 60 ¥ or more by volume, based on

io the entire volume of the closed cells. Further, it is
preferred that closed cells having a size of not small-
er than 50 pm be present in an amount of less than 40 %
by volumg, based on the entire volume of the closed
cells. The lower limit of the expansion ratio (volume

15 of polymer foam/volume of polymer prior to foaming) of
the polymer foam is generally 1.05 times, preferably
1.25 times, more preferably 1.66 times. The upper
limit of the expansion ratioc of the polymer foam is 50
times, preferably 33 times.

20 According to the production method of the present
invention, a closed-cell cellular polymer foam is
impregnated with a non-aqueous electrolytic liquid
{which comﬁriées an electrolyte and a non-aqueous
solvent), thereby infiltrating the electrolyte and the

25 non-aqueous solvent in the polymer foam, thus obtaining



the polyner foamis generally 1.05 tines, preferably 1.25 tines,
nore preferably 1.66 tinmes. The upper limt of the expansion ratio
of the polynmer foamis 50 times, preferably 33 tinmes. 20

According to the production nethod of the present i nvention, a

cl osed-cell cellular polyner foamis 34i npregnated with a non-aqueous
electrolytic liquid (which conprises an electrolyte and a

non- aqueous solvent), thereby infiltrating the electrolyte and the
25 non- aqueoas hybirién paliymerd p@lwetirdlgety Hawingiighignic con-

34 a hybrid polyneric electrolyte having high ionic con-
ductivity, whichduefdviidys wid.gbolopmprifseemtheheoalywsr foam, therelgee and
t he non-aqueous solvent. In this connec- tion, it should be noted
that the above- ofE8lyde @psk ithe non-agquesiusm@Eqlyentect riot yilvls seeredur t her
| npregnated with an electrol yte and a non-aqueous sol vent, which

may be thensadd Shoyildk beemotad hhate @%&W%@WQ%&TWd
I t ined in.the hybrid I ric el ec-, trolyte, so

Chat addi 1 on anBPOPTREREaBIREHE AR tehgam He. éu;a%ea mgﬁemmrwﬁ@ h

- I t £ forned. It . is necessary that the
non- aqucous sol - 58 e188kEELcE ana, o, i aaEtE ST IS HE ST YR Png
the non- RAUCAURES OV 4l'r fet et :UN Al LR EHRALDRH U non-
on the type of the polyner. a non-aqueous el ectro-

aqueous solvent retained in the hybrid polymeric elec-

t;olyte, so that addition and/or replacement of the

10 electrolyte and/or the non-aqueous soivent thereof is
performed. It is necessary that the non-agqueous sol-
vent be incapable of dissolving the polymer, and the
non-agueous solvent is appropriately selected depending
on the type of the polymer. As a non-aqueous electro-

15 lytic liquid, in addition to the above-mentioned solu-
tion of the electrolyte in a non-aqueous solvent, a
liquid electrolyte can be mentioned.

It is preferred that electrochemically stable

materials be used for obtaining the hybrid polymeric

20 electrolyte of the present invention which is substan-
tially insusceptive to oxidation and reduction at an
electric potential in the range of from 1 to 3 V as
measured relative to a reference electrode of metallic
lithium. The electrochemical stability can be evaluat-

25 ed by a cyclic voltammetry method. Illustratively, one



15 lytic liquid, in addition to the above-nentioned sol u- tion
of the electrolyte in a non-aqueous sol vent, a liquid electrolyte
can be nentioned. It is preferred that electrochemcally

stabl e : ‘materials be used for obtaining the hybrid polyneric 20

el ectrolyte of the present invention which 85 substan- tially

I nsusceptive to oxidation and reduction at an electric potential in
the range of from1l to 3 V as measured relative to a reference

el ectrode of netslidecof a hybriiid poliymelie electrodlyde da cdiverdd twitdan be
eval uat- 25 ed by a cyclic voltammetry nethod. |Illustratively, one

35 si deaof edejrpnochepdiopddyi dneirdc edsiotredes (cov@y ek @ tgtain-

an electrochemcally inert electrode (such as a stain- | ess sheet)
as the worki ng ellessr sheetan@s: Aehaorkingr electrode,hangt Hde halwes afe
sheet are, respectiv , covered 5 with 2 netallic |ithiumsheets as

el / .
the counter el ecth§dether side;pf the sbegte e o r&SnSSHE velaep&AVeraY, to
t her eby ohtain an_el.ectrqchem cal .cell. Wth respect to the
wor ki ng el%ct r od ’}tghg B‘&t&ﬁ%&] q‘s‘%&’é‘b‘"\ ?l?&ﬁuc?tse&:?’e counter, eJ SFEHAR in
the current due oxi dat | r.redyc- . 1 tion.are .exarg ned. en the
nmeasured current ta:ﬁg ff:(%x\%er&-e%r%nce 'Fhi%ﬁtgogi?r’t gieﬁpg&rtrlé’rﬁ1YVa{l%?e%q%$ S
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yer
(that is, lowver {BaRidgCeikditiodld, ¥he potential sweep is conducted,
and changes in the current due to oxidation or reduc-

10 tion are examined. When the measured current is lower
than a certain current value which is obtained by
doubling the background current due to oxidation or
reduction as observed in the interface of the electric
double layer (that is, lower than a certain cufrent

15 value which is obtained by doubling the current showing
no peak due to oxidation or reduction), the electric
potential corresponding to such a measured current is
considered as representing an electrochemically stable
condition. An electric potential as measured relative

20 to a reference electrode of an electrode other than
metallic lithium can be converted to the electric
potential as measured relative to a reference electrode
of metallic lithium. It is preferred that the hybrid
polymeric electrolyte of the present invention be

25 substantially insusceptive to oxidation and reduction



15 val ue which is obtained by doubling the current show ng no
peak due to oxidation or reduction), the electric potentia
correspondi ng to such a nmeasured current is consi dered as
representing am el ectrochemcally stable condition. An electric
potential as neasured relative 20 to aggeference el ectrode of an

el ectrode ot her than metallic lithiumcan be converted to the

el ectric potential as nmeasured relative to a reference el ectrode

of metallic |ithagmanl blestitief potentikal ibhahayhsnge of frompd weerd o

el ectrolyte of the present invention be 25 substantially insusceptive
to oxi dati on andasesieasured relative to a reference electrode of metal36
at an electric potential in the range of from1l to 3 V as neasured
relative to a reflléceddthdwct thad dis,mbealelectrocheniicaliliyt Iftahlea.hatlt s,
be el ectrochem cally stable. It Is nore preferred that the hybrid
pol yneric el ect r pylmere prefergedsiheitaiheabpriits psdemeric o astnmlytsh
and reduc- tion at an_electric potential in the range of fromO0.7
to 4.0 V & neasfPe§ubstantielly Insyscepidycetcopdf@tion and gFedugal|ic

L Unen, { e, Lonet, LIS o2 ottt S BN S L
el ectrochertoal Yaskall & b holeilonn rocalR 5", TR SiGAS °
electrolyte is ,f metal?96CRGLATuRC " FANE LB 1R ARG LRRRS 1T m T of
electric potential range within which the hybrid poly-
10 meric electrolyte is electrochemicallf stable is 1 V or
more as measured relative to a reference electrode of
metallic lithium, thé hybrid polymeric electrolyte is
susceptive to reduction, and when the upper limit of
the electric potential range within which the hybrid
15 polymeric electrolyte is electrochemically stable is 3
V or less as measured relative to a reference electrode
-of metallic lithium, the hybrid polymeric electrolyte
is susceptive to oxidation. - |
As mentioned above, it is preferred that the
20 hybrid polymeric electrolyte be electrochemically
stable. For achieving such a property, it is preferred
that all of the componénts of the hybrid polymeric
electrolyte, such as a polymer, an electrolyte and a

solvent therefor, be electrochemically stable. Howev-

25 er, a hybrid polymeric electrolyte produced from mate-



the electric potential range within which the hybrid 15 pol yneric
electrolyte is electrochemcally stable is 3 V or | ess as neasured
relative to a reference el ectrode of nmetallic lithium the hybrid
pol yneric ®el ectrol yte IS susceptive to oxidation. As
mentioned above, it is preferred that the 2P hybrid pol yneric

el ectrolyte be electrochemcally stabl e. For achieving such a
property, it is preferred that all of the conponents of the hybrid
pol yneric riall ec tooltatieingu el eat rachemiosl, 1ya mrstadi e Ima e rial G5 )
solvent therefor, be electrochemcally stable. Howev- 25 er, a hybrid
pol yneri c el ect r syt @lgpodec ed ecitowchemdcally stable.

37 rials containing electrochenically unstable naterlaliﬁ£

may al so be el ectroché“hiec ymerde) @aterials, the tee al s,
the electrolytes and th sqol.vent thereof wl be descrl bed bel ow in

nore detail. SSOlvent thegeaf, Widdr be |%£qglﬁﬁ%?W|+Qiﬂ?ﬁﬁe§ﬁﬁﬂ il.
{ogetner i th the pol B POl er.taf"arCh Hel 3, gl 15 2 Hagan ) driven-
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described in thetBHQﬁ:h&iu 'wﬁ%g] the pglxx%‘i]l@‘ﬁ{at%ﬁ%tlr Porln? ﬁeé’dlgﬂgcl (1987)

(edited by I ncent, Elsevier Applie i ence
Publishers Ltd., gigthoh. ame hﬁ@@sdoEOEﬂ@ﬂ'ﬂaﬂﬂﬁﬂéls include materials

used for obtaining conventional polymeric electrolytes.

10 For example, materials described in the publication
"Polymer Electrolyte Reviews 1 (1987) (edited by
J.R.MacCallum, C.A.Vincent, Elsevier Applied Science
Publishers Ltd., U.S.A.)" and "Solid Polymer Electro-
lytes (1991) (Fiona M. Gray, VCH Publishers, Inc.,

15 U.S.A.)" can be mentioned. Examples of such polymeric
materials include alkylene ether polymers, such as
poly(ethylene oxide), poly(propylene oxide) and an
ethylene oxide/propylene oxide copolymer; poly(alkylene
thiocether); nitrile polymers, such as polyacrylonitrile

20 and an acrylonitrile/styrene copolymer; wvinylidene
fluoride polymers, such as poly(vinylidene fluoride), a
vinylidene fluoride/hexafluoropropylene copolymer, a
perfluorovinyl ether/vinylidene fluoride copolymer, a
tetrafluoroethylene/vinylidene fluoride copolymer, a

25 hexafluoropropylene oxide/vinylidene fluoride copolym-



| ytes (1991) (Fiona M Gay, VCH Publishers, Inc., 15 U S A)" can be

nmentioned. Exanples of such polyneric mat eri al s i nclude al kyl ene
et her pol yners, such as pol y(et hyl ene oxi de), poly(propyl ene oxide)
and an ‘ ‘et hyl ene oxi de/ propyl ene oxi de copol yner; poly(al kyl ene
thioether); nitrile polyners, such as polyaggylonitrile 20 and an
acrylonitrile/styrene copol yner; vinylidene fluoride polyners, such
as poly(vinylidene fluoride), a vi nyl i dene

f1uori de/ hexaf | ugkQp&aohgxaFd uotRPrviylend oxide/taidea il thH

et her/vinylidene fluoride copolyner, a

tetrafl uoroet hyl glehe/minydddentl fduiocdd deo popplymerg & hexafluoropropy-
hexaf | uor opr opyl ene oxi de/ vinylidene fluoride copolym

38 er, . aehexXFeitorefdponegtdyd eme/td/nydtidea) dilowmnide copolymer
yl ene/ vi nyl i dene fl uoride copol ymer, a hexaf]l uoropropy-

| ene/ t et r af | uor o@PAy Pe kdHPrREthyd sae/ Vigwilddensy diliaiide copolympria

fl uor oet hyl ene/ vi nyl i dene_fl uori de copol yner; 5 pol yphosphazene; a
pol ydi met Hyl si | oRRA¥PBEsPhaZeRe; #n Polydimethylsidazans, V@tivgy an

i phati | te; | | fqethyl, met L at d 't
Theroat 1 © o ol PR PRISRRt Ry PR BN AGICD BRIT SR or cof -

d i al | i Labl ins, h fi 1Q t 1.aden; f
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(tradename of a E:Qg'istﬂzggg‘tfa%k%%%hylmethaﬁl}ciasc@ Sy L3V ASdP; -

Ltd., Japan). Anpn
and commercially available resins, such as Nafion

10 (tradename of a resin manufactured and sold by bu Pont,
U.S.A.) and Flemion (tradename of a resin manufactured
and sold by Asahi Glass Co., Ltd., Japan). Among these
polymers( preferred are electrochemically stable poly-
mers as explained above, such as polymers containing no

15 ionic groups nor migrating hydrogens. Among the above-
mentioned polymeric materials, vinylidene fluoride
polymers, such as poly(vinylidene fluoride) and copo-
lymers comprising vinylidene fluoride units are espe-
cially preferred, since they are electrochemically

20 stable, and when such polymers are used as materials
for closed-cell cellular polymer foam which is to be
used for the production of the hybrid polymeric elec-
trolyte of the present invention, the hybrid polymeric
electrolyte exhibits high ionic conductivity.

25 A polymer containing ionic groups may have high



polymers, preferred are el ectrochemcally stable poly- mers as
expl ai ned above, such as polyners containing no 15 I oni ¢ groups nor

m grating hydrogens. Anong the above- menti oned pol ynmeric
materi al s,* vinylidene fluoride pol yners, such as pol y(vinylidene
fluoride) and copo- | ymers conprisigg vinylidene fluoride units are
espe- cially preferred, since they are electrochemcally 20
stabl e, and when such polynmers are used as materials for

cl osed-cel | cel | biygropcbpied tioadependings ono the type of udwd dadrynidie.
production of the hybrid polyneric el ec- trolyte of the present

I nvention, the h¥benrdspohymepodymer is usledc@solay matediiadi i $he gleatmae-
conduct|V|ty 25 A pol ymer containing ionic groups may have high
39 hygr 6besprailt §ta&é&éﬁar g dhe hybryse pelymarisy|adagtrolyte
When such a polyner Is used as .a material, the el ectro- chem ca
stability of the ﬁ?BWF& BBy nEACee theY w@ﬁfgecontent YHedhReL¥RFRd si nce

th t tent I t | yt b

oror ke v me S Ulaglrgion iAo i L
terial, hybr I I -
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er, because it is difficult to impregnate such a polym-

10 er with the non-aqueous electrolytic liquid.

When the polymer has a group containing a migrat-
ing hydrogen (protonic hydrogen) (such as a carboxylic
acid group, a sulfonic acid group, a hydroxyl group and
an N-H group), the obtained hybrid polymeric electro-

15 lyte is likely to suffer a reduction reaction or a side
reaction accompanying the reduction reaction, so that
the electrochemical stability of the hybrid polymeric
electrolyte becomes low.

It is preferred that the polymer used in the

20 present invention have a molecular weight of from 1,000
to 10,000,000. When the polymer is a vinylidene fluo-
ride polymer, it is preferred that such a polymer have
a molecular weight of from 5,000 to 2,000,000, more
preferably from 10,000 to 1,000,000.

25 From the above-mentioned polymers; a polymer foam



acid group, a sulfonic acid group, a hydroxyl group and an N-H
group), the obtained hybrid polyneric electro- 15 lyte is likely to
suffer a reduction reaction or a side reaction acconpanying the
reduction Teaction, so that the el ectrochem cal stability of the
hybrid pol yneric el ectrolyte becongeg | ow. It is
preferred that the polynmer used in the 20 present invention have a

nol ecul ar wei ght of from 1, 000 to 10, 000, 000. When the polyner is a
vi nyl i dene fl uo- can be produeedobymany idf iconwesftarored tnfestthadsch aAmol yner
have a nol ecul ar weight of from5,000 to 2,000,000, nore

preferably from &8a@pldet ofl s00h 0@Thodzt is a method-raympthicsiam \ierecmrpd-oned
pol ymers, a pol yner foam 40

can be produced Bpting & fogmiag pgemt d@ticod mojded polymesxamsler of such
met hods is a nethod conpri sing incorpo- . rating a foam ng agent into
a nol ded pol yner 3ffgspheric or supeIF@OsPhearis RheRsHEHhenE HRaking e,
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agent. Alternatively, a polymer foam may be produced
by a method in which a mixture of a polymer and a
10 foaming agent is molded, and then the resultanf molded
product is foamed by heating. The temperature, time
and pressure for the above foaming operation may vary
depending on the types of the polymer and the foaming
agent, the desired volume ratio of closed cells of a
15 polymer foam to be produced, the desired configuration
and dispersion morphology of closed cells, or the like.
However, the foaming operation is generally conducted
at a temperature which is around the melting tempera-
ture of the polymer and which enables the foaming agent
20 to produce a gas. The heating in the foaming operation
can be done, for example, by a method comprising con-
tacting a polymer containing a foaming agent with a
heat roll, a method comprising heating a polymer con-

taining a foaming agent with convection heat or radiant

25 heat by means of a heating oven, such as an electric



and pressure for the above foam ng operation may vary dependi ng on
the types of the polyner and the foam ng agent, the desired vol une
ratio of closed cells of a 15 pol ymer foamto be produced, the desired
configuration - and di spersi on norphol ogy of closed cells, or the

i ke. However, the foam ng operatiaogis generally conducted

at a tenperature which is around the nelting tenpera- ture of the
pol ymer and whi ch enabl es the foam ng agent 20 to produce a gas. The
heating in the fpesisganper Abating oven otaanbdndaated dleatiagploven)y a

met hod conprising con- tacting a polynmer containing a foam ng agent
wth a haadl aoimkthaednebhpdicsdngr heatdngeat pod.yaepolopmdraicdmg a
taining a foam ng agent with convection heat or radiant 25 heat by
means of a heati figaning, ageolt by Fheclizredietion of microwave, radio-

41 resi stance heating oven_or an_ infrared heating oven, -
and a met hod confFeIAECHe8PPRIYaCF0LPREr bEAMai ntddeanatively, foani ng
agent by the irradjation_of mcro frequency energy or

| aser beafm Al tePRIYTFE 027 ©2B ggvgbﬁgggé%-P@éﬁﬂ&%?ﬂ&§Q§&ﬂﬁ e FURPT
Tqui or 0 * S¥RELoRY Lamyiacsyrhy e Fi PEPRECOSRIng AR Gt o a
P et PheaPoh 4BREBr BB 99 P Sl mgent o8 o1 911
exanpl e, when it Le 851 1 8flal B1BERHYCRRB polymer (having a supercriti-
cal liquid incorporated therein) under atmospheric
10 pressure.

For example, when it is desired to produce a
polymer foam from a vinylidene fluoride polymer, the
method disclosed in Examined Japanese Patent Applica-
tion Publication No.4-57704 can be used. Specifically,

15 a polymer foam can be produced by a method comprising:
subjecting a melt-molded product of a polymer to 1)
irradiation with radiant energy, such as electron
beams, 7-rays or the like, 2) radical crosslinking, or
3) treatment with an alkali, to obtain a polymer having

20 a crosslinked structure; impregnating the obtained
polymer with a foaming agent, such as a halogen com-
pound or a hydrocarbon; and foaming the polymer by
heating or the like. Examples of foaming agents in-

clude flon 134a, a supercritical liquid of carbon

25 dioxide, and toluene. When the foaming agent is flon



pol ymer foamfroma vinylidene fluoride polyner, the met hod

di scl osed in Exam ned Japanese Patent Applica- tion Publication
No. 4-57704 can be used. Specifically, 15 a polynmer foam can be
produced by a net hod conpri sing: subj ecting a nelt-nol ded product
of a polymer to 1) i rradiati on witharadi ant energy, such as

el ectron _ beans, [err] -rays or the like, 2) radical crosslinking,
or 3) treatnent with an alkali, to obtain a polyner having 20

a crosslinked stagdhuice; a Hupegmatitigdina ighiial nefl carbon dimkides whéh a
foam ng agent, such as a hal ogen com pound or a hydrocarbon; and
foam ng the pol ydepregnation ofhddte ngplymeirhevil itk ethebxzompiioyg cigémainiag
agents in- clude flon 134a, a supercritical liquid of carbon 25
di oxi de, and t ol genducteeunder foressureagerfthe alfgwugrmentioned irradia-
42 134a or a supercritical liquid of carbon dioxide, the

i npregnation of Fﬁénpﬁpﬁﬁb@LﬂQﬂ¥QHu?3ﬁﬂﬁﬂrkf%ﬁﬁ%ﬁtNQP with 7-g8H8uct ed
under pressure. The .abqve-nentioned irrad tion with electron

beams, irradiati SRhCEH PEQﬂS¥%ﬂ%%ng or treﬁ@ﬂﬁﬁﬁﬂw%ﬁQnﬂﬂ|§ﬁ§§kﬁ(ﬂay be

treatnment with an, alkal carried out after the foam ng

oper ati on. 2d \ﬂﬁ% atf%(?th F ML RETR E T ol yt e of the

present invention is r battery,
e Tl hﬁgﬁg{l%ﬁ@ ddroryte of Ynd

it is preferred to use me cros ructure
since the OCCUFFEE%%eQE Ar¥itlion is used as a separator or the like

for a battery, it is preferred to use a polymer having’
10 a crosslinked structure since the occurrence of a short

circuiting at high temperatures can be prevented. 1In

the present invention, it is preferred that the polymer

used have intermolecular crosslinkages between polymer

molecules, and it is preferred that the polymer contain
15 no crosslinkable monomer unit.

When a crosslinkable monomer is incorporated in a
vinyliden fluorine polymer and the crosslinking of the
vinyliden fluoride polymer is carried out with the
polymerization of the crosslinkable monomer, a residual

20 crosslinkable monomer in the polymer undergo a reduc-
tive polymerization, an electrolytic oxidation or an
electrolytic reductive decomposition at the interface
between the polymer and electrodes, and reaction pro-
ducts formed by the above-mentioned reactions occurring

25 at the interface between the polymer and electrodes



circuiting at high tenperatures can be prevented. In t he present

I nvention, it is preferred that the polyner used have

i nt ermol ecul ar crossli nkages between pol yner nol ecules, and it is
preferred that ‘the polyner contain 15 no crosslinkabl e nmononmer unit.
Wien a crosslinkabl e nononer is incorporateggin a vinyl i den
fluorine polynmer and the crosslinking of the vinyliden fluoride
polymer is carried out with the pol ynmeri zati on of the crosslinkable

mononer, a resi dupderdd furttieds iidekalaztvivner A d edilty,nBratisies go a
reduc- tive polynerization, an electrolytic oxidation or an

el ectrol yti c redddsedeatagmsoairie dikslt e be erdeesl, such adheat vibsret-he
pol ymer and el ectrodes, and reaction pro- ducts formed by the
above- ment i oned Abgcrifossiraendr efifjcizhcy, amd tihe idestrfurtidreta®ecthe he
pol ymer and el ectrodes 43
undergo further Stguctexe: odnhdhepdnterfage betmgesushe polymey @anflant ages

are likely to be caused, such_as a |qwer- i ng of current

efficiencyp and efecErodeset thereby Howering thg peRfiarnagice 1L ither f ace

bet ween t he pol yper_ and . el ect,rqode t her eby l.owering the

per f or mance of tggttery' iB:afLFe|5S9.SSI1P(1ies o FEIVE (e é:rﬁﬁl‘gi"t%e Bl

nonom ers. fromt o] r...however such.a renoval -operation
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polyneric electrolyte, 1t
crosslinkable monomer unit remaining in the polymer

10 used for producing the hybrid polymeric electrolyte, it
is likely that the obtained hybrid polymeric electro-
lyte suffers electrochemical side-reactions, or suffers
hydrolysis even in the presence of a trace amount of
water.

15 Examples of methods for crosslinking the polymer
used in the hybrid polymeric electrolyte of the present
invention include a method in which a crosslinked
structure is formed by the irradiation of a radiation
energy, such as electron beams, 7-rays, X-rays, ultra-

20 violet light, infrared light or the like; a method in
which a crosslinked structure is formed by a radical
reaction initiated by a radical initiator incorborated
in the polymer; and a method in which a crosslinked
structure is formed by a reaction between double bonds

25 which are formed by an alkali treatment (for elimina-



Is likely that the obtained hybrid polyneric el ectro- |l yte suffers
el ectrochem cal side-reactions, or suffers hydrol ysis even in the
presence of a trace anmount of water. 15 Exanpl es of

met hods faor crosslinking the pol yner used in the hybrid polyneric
el ectrolyte of the present i nventiogginclude a method in which a
crosslinked structure is formed by tﬁe i rradi ation of a radiation
energy, such as electron beans, [err] -rays, X-rays, ultra- 20 vi ol et
light, infrared ldight o3 e Iike; a nethod in whi ch a crossl-i nked
structure is fornmed by a radical reaction initiated by a radical
initiator incorporate@dmong these nidthddy,y @lectaitth dawt hiotradiaicrh s
crosslinked structure is fornmed by a reaction between doubl e bonds
25 whi ch ar epirefesdeldy fromaltha iviiewpatimentof faeommednaiiala-scale pro-

44 tion of HF). Anmong these net hods, el ectron beam
irradiation is ductionpodt dheedybrdd med yregvsoigdeddiradortreragidileasal n
pro- duction of the hybrid olynerlc electrolyte and ease in 5
process cdntr ol . PrPEeEsn GeRtneg- ~e|é§t dyceiing ed@clron beam ixwpdisghen

the irradi ati on dose is too snall t he desired effects of the
crosslinking canidPPhe vReR dhe irradiatiom dase dihdioh ML hndhe he
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On the other hand, when the irradiation dose is too
large, a decomposition of the polymer is likely to

10 occur, and the use of too large an irradiation dose is
also disadvantageous from the viewpoint of productivi-
ty. Therefore, it is preferred that the irradiation
dose be from 5 to 100 Mrads. In the case of the irra-
diation with 7-ray, the irradiation intensity and

15 irradiation time may be appropriately selected so that
tﬁe irradiation dose becomes a value equivalent to the
above-mentioned dose of electron beam irradiation.

The formation of a crosslinked structure is con-

firmed by the measurement of the solubility of the

20 polymer in an organic solvent capable of dissolving a
linear polymer (linear polymer-dissolvable organic
solvent). Specifically, since a polymer confaining a
crosslinked structure has a segment which is insoluble
in a linear polymer-dissolvable organic solvent, the

25 presence of such a segment indicates the presence of a



10 occur, and the use of too large an irradiation dose is al so
di sadvant ageous fromthe vi ewpoi nt of productivi- ty. Therefore, it
is preferred that the irradiation dose be from5 to 100 Mads. In
the case of the irra- diation with [err]-ray, the irradiation
intensity and 15 irradiation tine may ljg appropriately selected so

t hat the irradi ati on dose becones a val ue equivalent to the
above-nenti oned dose of electron beamirradiation. The
formation of a ceeoskilikeeds stitictiad.S @here is no gdrtirshlyr thimita-
measurenent of the solubility of the 20 pol ynmer in an organic sol vent
capabl e of di ssoltioagwdth respedt reartheollimeyax Ipaigesremal igsylvhlsb®| vabl e
organic solvent). Specifically, since a polyner containing a
crosslinked structrgeailasodvesdne@ndisine Rpprdpridts|solvent is jsekedtedar
pol yner - di ssol vabl e organi c solvent, the 25 presence of such a segnent
i ndi cates the préepgadisg on the type of the polymer. When the polymeng
crosslinked structure, There is no particular limt-a- tion with

respect td the | ifed beFafiMorgrropyianes vinylidens £INQriqy ROROLEIRE an
appropriate solvent i el ecte dependi ng,.on .the typne of the
pol yner. Wen t hgl'ﬁ'&t;w;pyr l%""n“':'l's czsllt?ég%%%r g%}%ﬂﬁrﬁ'é%/@fm‘l cfg’n%h-
fl uoride copol r I [.4Q of
p yn&&:rghe_thane, '%cr%q;o% pWe@faqggc%oofé%é}{,e tér):l{a ytcﬂ% forma-

di chl or onet hane, Oor O€t hane, uran,
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can be preferably used as the linear polymer-dissolv-

10 able organic solvent.

The poiymer matrix of the hybrid polymeric elec-
trolyte of the present invention contains a non-cross-
linked polymer segment in addition to the above-
mentioned crosslinked polymer segment. A crosslinked

15 polymer segment is distinguishable from a non-cross
linked polymer segment since a crosslinked polymer
segment is insoluble in the above-mentioned solvent,
whereas a non-crosslinked polymer is soluble in the
above-mentioned solvent. For example, a vinylidene

20 fluoride polymer is immersed in N-methylpyrroridone as
a solvent, and allowed to stand at 100 °C for 2 hours
to thereby dissolve the non-crosslinked polymer seg-
ment. The undissolved solids comprised of the cross-
linked polymer segment is taken out of the solvent,

25 washed with acetone and methanol, dried and weighed.



10 abl e organi c sol vent. The pol ynmer matri x of the hybrid
pol yneric el ec- trolyte of the present invention contains a

non- cr 0ss- | i nked pol yner segnent in addition to the above-

ment i oned *cr ossl i nked pol ymer segnent. A crosslinked 15 pol yrmer
segnent is distinguishable froma non-crossyg | i nked pol yner segnent
since a crosslinked pol yner segnent is insoluble in the
above-nmenti oned sol vent, whereas a non-crosslinked polymer is

soluble in the the weighQVQalmﬂi oFnathes @roerilinkeid @olypley; seghient i dene
20 fluoride polynmer is inmrersed in N nethylpyrroridone as

sol vent, and al | aegdned dbedatr aanlbe [calchdsfted ZXdonurthe welghttaftémweby
di ssol ve the non-crossl i nked pol ymer seg- ment. The undi ssol ved
sol i ds conpri sedtbe trgiogossIn the pollymekzedatyliphef ddwgdmbaisd teodan out

of the solvent, 25 washed wi th acetone and nethanol, dried and
wei ghed. meric electrolyte of the present invgntion, it Ijge wei ght

rati o of the crosslinked polymer segnent defi ned bel gw can_ be
cal cul at ed from PEefRErgs: thetethe weight gatdq)igfy the, GIRSHIRkRE natri x

of thg hybri d Fo%%é s mer.i c :“&%i?%ygglo t he present |nv%pt|on It
IS prefe JIER, SO ke Wﬁ&ﬁp
pol ymer segnent defi ngﬁ_n\%dt he f rmJI a h/t(t% aaj1 'Wel%é’d’t oF oasséi,cggfgd

n

pol yner segment) FEPSE pol yrer- segnent
and a non- Cross'i&hﬁ%dp%d&§ﬁ%r segment and a non-crosslinked polymer
segment) be from 0.2 to 0.8. When the above weight
10 ratio is less than 0.2, the effect of a crosslinked
polymer segment becomes small. The non-crosslinked
polymer segment, which is contained in the polymer
matrix of the hybrid polymeric electrolyte together
with a crosslinked polymer segment, has the effect to
15 increase the adhesion between the hybrid polymeric
electrolyte and an electrode in the fabrication of a
battery as described below. By this effect, the me-
chanical strength and performance of a battery are
improved. When the weight ratio of the crosslinked
20 polymer segment to the total weight of the crosslinked
polymer segment and the non-crosslinked polymer segment
is more than 0.8, the above-mentioned effect of the
non-crosslinked polymer segment is decreased, so that
the performance of a battery is not high.

25 The hybrid polymeric electrolyte of the present



segnent) be fromO0.2 to 0.8. Wen the above weight 10 ratio is |ess
than 0.2, the effect of a crosslinked pol yner - segnment becones
smal | . The non-crosslinked pol ymer segnent, which is contained in
t he pol yner ) matri x of the hybrid polyneric electrolyte together
with a crosslinked polymer segnment, has the4gffect to 15 I ncrease the
adhesi on between the hybrid polyneric el ectrolyte and an el ectrode
in the fabrication of a battery as described below. By this effect,
t he ne- dnareintaions twagn dieh pary iglerd dmmvenel aafs af doaie erguch eas a

| nproved. When the weight ratio of the crosslinked 20 pol ymer segnent
to the total wei gheedf, shephersslandked fiber. pol yner segnent and the
non- crossl i nked pol yner segnent is nmore than 0.8, the

above- ment i oned ef f eciWhen e hybrid Hﬂi?ﬂﬁﬁiQHQLﬂaﬁrqiﬂ§@m9fs@yﬁent i S
decreased, so that t he performance of_ a battet! Is not high. 25
The hybri d poIyn@FP@e@FééPNﬁﬁﬁRQQﬁlqlﬂ?ﬂﬂ%ﬁﬁﬁuln orm of a sheet

Sheet, a Shhero B Ropdeter Sangi) 'db Gacbea g S hetidre,

clectrolyte of {Here:ia po BEA 4l AL Nl 'rgexdegbé;??@eté%heof a

sheet used anp ) a separato

there is no partkggha%ﬂf \%ﬂéiéégﬁ¥g§ %f)éﬁﬁathe su é énfllm .
t hi ckness of the separator t e suit e T1l'm ness varies
dependi ng on thethﬁ@ﬁd@éélyﬁfﬁgé‘aébending on the type of the battery.
However, in general, it is preferred that the film
10 thickness of the separator be from about 5 to about
500 pm. When the film thickness is less than 5 pm, the
mechanical strength becomes low and short circuiting
between electrodes is likely to occur when a battery
containing such a separator is operated. When the film
15 thickness is more than 500 pm, not only is the effec-
tive electrical resistance of the separator excessively
high, but also the energy density per volume of the
battery becomes low.
In the step of impregnating the polymer foam sheet
20 with a non-aqueous electrolytic liquid, depending on
the types of the polymer foam sheet and the electroly-
tic liquid, it is possible that a problem arises such
that the polymer foam sheet markedly swells or shrinks

upon the impregnation with the non-agueous electrolytic

25 liquid. This phenomenon not only makes it difficult to



However, in general, it is preferred that the film 10 t hi ckness of the
separator be from about 5 to about 500 pm When the filmthickness
is less than 5 [err]m the mechani cal strength becones | ow and
short circuiting bet ween el ectrodes is likely to occur when a
battery containing such a separatopgi s operated. Wen the film 15
thi ckness is nore than 500 [err]m not only Is the effec- tive
el ectrical resistance of the separator excessively hi gh, but al so

the energy densi getP@&he' ey SPRed of polymd t@3am hacosms fom.a
In the step of inpregnating the polyner foam sheet 20 with a

non- aqueous el eclidoRltiinubus Piictesiepa ity iMpregnation tde poPasedl foaf
pol ymer foam sheet and the el ectroly- tic liquid, It is possible
that a probl em asheetsswdith a non-aduesiud e qautnoiertfodd @bk et kelby
swel |'s or shrinks upon the inpregnation with the non-aqueous
el ectrol yti ¢ 25caused jgpnpblethisugihdiwmtenorherotthe| impragationlidfi cul t
to ) 48 set the feeding
speed of pol yner theamodyaar fioam gheet with ghinonmaguenur ekeatrolptic
| mpregnation of paolyner foam sheets with a non-aqueous el ectrolytic
liquid, but al soliduid is perforpesd afitan dheh kaklierivhas thren FeRat i on
of 5 t he pol r f.oam.sheet w th non- gqueous. .el ectro) ytic .
Viquid is perfor REEOLASHNE M RVSPPH ISP Shererihe Pybrid plymerig
the pol ymer foanEﬁEEﬁ&bf?%%IQU%féléuéﬁQEﬂfﬂb due to a large stress
produced by an excessive sWelling or shrinkage of the
10 hybrid polymeric electrolyte. The above-mentioned
phenomenon also causes a problem such that, after a
polymer foam sheet undergoes excessive swelling by the
impregnation with an electrolytic liquid, when the
electrolytic liquid evaporates or leaks out from the
15 obtained hybrid polymeric electrolyte during the use of
a battery containing the hybrid polymeric electrolyte,
a short circuiting may occur due to a excessive shrink-
age of the hybrid polymeric electrolyte.
The above mentioned problems can be solved by
20 irradiating the polymer foam sheet with electron beams
and/or stretching the polymer foam sheet, so as to
cause the polymer foam sheet to have at least one
construction selected from a construction in which the

polymer foam sheet comprises a crosslinked polymer

25 segment having a crosslinked structure formed by elec-



el ectrolyte suffers cracking due to a | arge stress produced by an
excessive swelling or shrinkage of the 10 hybrid pol yneric

el ectrolyte. The above-nentioned phenonenon al so causes a probl em
such that,' after a pol yner foam sheet undergoes excessive swelling
by the i npregnation with an electrojytic liquid, when the
electrolytic liquid evaporates or |eaks out fromthe 15 obt ai ned
hybrid polyneric electrolyte during the use of a battery containing
the hybrid pol ymegbs Bkaft i@rkE@ation, anddaSk@nstiivctdidn g WMidCate due
to a excessive shrink- age of the hybrid polyneric electrolyte.

The above nenti opellymeeblfeam sheelte isolived Birezithed fiomradi aherg thHee

pol ymer foam sheet with el ectron beans and/ or stretching the

pol ynmer foam shepblymerafosm sheet hasadbe sheoveoimandridnedinathdetasto drsve
at | east one construction selected froma construction in which the
pol yner foam sheepnstmpritden,aidr dosisi medd upsiengsr expessivesyeddiingimg a
crosslinked structure forned by el ec- . ) .

49 5 tronshEARKRrERaUPRN $he IAPTreIdstdorudd 4t M thhiadh aleetro-

pol ymer foam sheet i,s in a .stretched form Wen the pol ymer foam
sheet has the abd¥&iRedi@¥A€d at | east one construction, it does
not undergo excessive_swel |ing.or hri.nka on the i egnat i on
of it with an electro!"?len a pglV@FFbippﬁbﬁ setusda ox't&V%éﬁggﬁbojﬁﬁér

foam sheet used EgrthgehQBQQthbﬁ§meric electrolyte has a large expan-

sion ratio, the polymer foam sheet is likely to undergo

10 shrinkage by the impregnation with an electrolytic
liquid. This shrinkage can be suppressed by electron
beam irradiation. On the other hand, when the polymer
foam sheet has a small expansion ratio, the polymer
foam sheet is likely to undergo swelling by the impreg-

15 nation with a non-agqueous electrolytic liquid. Howev-
er, by appropriately choosing the expansion ratio, the
method for stretching a polymer foam sheet, the
stretching ratio, and the dose of electron beam irra-
diation, it is possible to suppress swelling and

20 shrinkage of the polymer foam sheet upon the impregna-
tion with a non-aqueous electrolytic liquid.

With respect to the method for stretching the
polymer foam, there is no particular limitation, and
various known methods, such as a uniaxial stretching

25 method, a successive biaxial stretching method and a



of the hybrid polyneric electrolyte has a | arge expan-

i mpregnation wt

the polyner foamsheet is likely to undergo 10 shri nkage by the
h an electrolytic liquid. This shrinkage can be
ectron beamirradiation. On the other hand, when

suppressed by el
t he pol yner

foam sheet is |i
a non-aqueous el

f oam sheet has a snall|l sgpansion ratio, the pol yner

sion ratio,

kely to undergo swelling by the inpreg- 15 nation with

ectrolytic liquid. Howev- er, by appropriately

choosi ng t he expsiamultahabus, bilkial stretoitimed fetthesl raxrc ibengusedol yer

f oam sheet, the

stretching ratio, and the dose of electron beam

irra- di @heee, metthiodspessi descrd bedppriiess eswaaiglieng jand' Kkfaku
shrinkage of the polyner foam sheet upon the inpregna- tion with a
non- aqueous el ecBioirgni, c Ouygrkegaku-hen I (pugasesudsddhenistne Fandrod for
stretching the polynmer foam there is no parg;cular I|n1tat|on and
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change its size toward recovering its original size
upon being softened by the impregnation with an elec-
trolytic liquid. By utilizing this property, a dimen-
sional change of the polymer by swelling can be min-
imized. Specifically, a dimensional increase of the
polymer by swelling upon the impregnation with an
electrolytic liquid can be céncelled by performing a
biaxial stretching of a polymer in an appropriate
stretching ratio prior to the impregnation. Further,
when a uniaxially stretched polymer is impregnated with
an electrolytic liquid, the polymer is likely.to shrink
in the direction of stretching and swell in a direction
perpendicular to the direction of stretching. Thus, a
dimensional change of a polymer by swelling upon the
impregnation with an electrolytic liquid can be sup-
pressed by stretching the polymer uniaxially in an
appropriate stretching ratio and in an appropriate

direction prior to the impregnation.



In general, a stretched polyner is likely to change its size toward
recovering its original size upon bei ng softened by the

i npregnation with an elec- 10 . trolytic liquid. By utilizing this
property, ‘'a di men- si onal change of the polyner by swelling can be
m n- imzed. Specifically, a dinengjonal increase of the

pol ymer by swelling upon the inpregnation wth an electrolytic

| iquid can be cancelled by performng a 15 bi axi al stretching of a

polymer in an approprifief above-menticHedid1GdtAldP ddP it adBtion and
| npregnation. Further, when a uniaxially stretched polyner is

i npregnat ed W t hgtretching tHlek@tinedlty idah IHefWnfhlded PAIgARIAUSL 1y ket yih O
shri nk in the direction of stretching and swell in a direction 20
per pendi cul ar t ocombisiatdein.on e o= & ectidurs beam irradialtiemsamdal
change of a polynmer by swelling upon the | npregnation with an.

el ectrolytic |iquwhe cdweichsng ratio campibes stdynigtedtagdnondine ol yiner
uniaxially in an appropriate stretching ratio and in an appropriate
25 di riect i on amousyt of Ee elgetapdartiigh 1iquid which is impregnate

51 _The above-nenti oned el ectron beamirradiation and
stretching treat A@nthCaPHImSH T3P ShRASs dual Iy or in

conbi nation. The dose_of .el ectron heam.irradi ati on and t he
stretching ratio can MdHeC&SReEY WS LRse prea »f thear%%ﬂ(“‘%‘? an

electrolytic | q%jodam\,\'hslhcehe’t:i %ﬂt%rn%%ye(jelectron hioer.l:mtt hier e?A:‘élarrt?lroxfx Ogr%fgz? et.
stretching treatment, when the polymer foam sheet has
10 an ionic conductivity which is sufficient for use as an
electrolyte for a battery (that is,lan ionic conductiv-
ity of at least 1 x 10'4 S/cm) after impregnation with
- a non-aqueous electrolytic liquid, it is preferred that
the surface area of the impregnated electrolyte be 50
15 to 200 %, more preferably from 70 to 170 %, still more
preferably from 90 to 150 %, based on the surface area
prior to the impregnation with the non-aqueous electro-
lytic liquid. By using the methods described above, a
hybrid polymeric electrolyte in a sheet form can be
20 produced while suppressing a dimensional change upon
the impreghation with a non-aqueous electrolytic lig-
uid.’
The non-agqueous electrolytic liguid used in the
present invention is generally a solution of an elec-

25 trolyte in a non-aqueous solvent. However, when the



Wth respect to the surface area of the polyner f oam sheet obtai ned
by el ectron beamirradi ati on and/ or stretching treatnent, when the
pol ymer foam sheet has 10 an ionic conductivity which is sufficient
for use as an ° el ectrolyte for a battery (that is, an ionic

conducti v- ity of at least 1 x 10[eg$] S/cm after inpregnation

W th a non-aqueous electrolytic liquid, it is preferred that

the surface area of the inpregnated electrolyte be 50 15 to 200 %
nore preferably &EnestFolytel I@s¥lfShiad flowability orprief er allguifd,omidd to
150 % based on the surface area prior to the inpregnation with the
non- agqueous el eckllectrolyte chayt be hisgd és By nosi—agrucomsretleadsalgstciia bed
above, a hybrid polyneric electrolyte in a sheet formcan be 20
produced whil e slippuddsasgsacti.nensi onal change upon t he

i npregnation with a non-aqueous electrolytic liqg- ui d.

The non-aqueous electrolytic liquid used in the present invention
is generally a solution of an elec- 25 trolyte in a non-agueous

sol vent. However, when the 52
el ectrolyte itself has flowability or is a liquid, the el ectrolyte
can be used as a non-aqueous electrolytic | iquid as such. 5

10

15

20

25



10 20 25

53 In the present invention, the electrolyte used in

the non-aqueous electrolytic liquid my be either a salt of an
i norgani c ‘acid ‘or a salt of an organic acid. Exanpl es of salts
i ncl ude salts of inorganic acids, 5 ssigh as tetrafl uoroboric acid,
perchloric acid, hexa-
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In the present invention, the electrolyte used in
the non-aqueous electrolytic ligquid may be either a
salt of an inorganic acid or a salt of an organic acid.
Examples of salts include salts of inorganic acids,
such as tetrafluoroboric acid, perchloric acid, hexa-
fluorophosphoric acid, nitric acid, sulfuric acid,
phosphoric acid, hydrofluoric acid, chloric acid,
bromic acid and iodic acid; and salts of organic acids,
such as trifluoromethanesulfonic acid, fluoropropylsul-
fonic acid, bis(trifluoromethanesulfonyl )imide acid,
acetic acid, trifluorocacetic acid and propionic acid.
Further, the above-mentioned salts may be used in the
form of a mixture thereof as an electrolyte. Examples
of electrolytic cations of the above-mentioned salts
include an alkali metal, an alkaline earth metal, a
transition metal, a rare earth metal and an ammonium
ion. The above-mentioned cations may be used individu-
ally or in combination. The types of cations used may
vary depending on the objective of the use of the
hybrid polymeric electrolyte. For example, when the
hybrid polymeric electrolyte of the present invention
is used in a lithium battery, it is preferred to use a
lithium salt és the electrolyte. Examples of lithium
salts include LiCl, LiBr, LiSCN, LiClO,4, LiNOg,

Li(C6H5)4B, Li(CSHll-HC=CH2)4B, Li(C4Hg—HC=CH2)4B,



fl uor ophosphoric acid, nitric acid, sulfuric acid, phosphoric

acid, hydrofluoric acid, chloric acid, brom c acid and iodic acid;
and salts of organic acids, such as trifl uoronmethanesul fonic acid,
fl uor opropyl sul-- 10 fonic acid, bis(trifluoromethanesulfonyl)imde

aci d, acetic acid, trifluoroaceticggcid and propionic acid.
Further, the above-nentioned salts may be used in the formof a

m xture thereof as an el ectrol yte. Exanples of electrolytic

cations of the angyehngnqu&qggﬁQﬁggg , L125¥q01¥5eng§§$331ﬂftal an

al kali ne earth netal ion meta arare earth netal and

an ammonium |- LiaBi . T ORyS03, T D2 THOYT gBOSe LG j7aby) du-

ally or in combination. e types of cations used

dependi ng on themmFgmz\;eIa.N(mgQﬁszezof mmcwoz)z,hm(@ﬂgﬁma c

el ectrolyte. For exanple, when the hybrid polyneric electrolyte of
the present invelreFg, LiBF,,i $ifFed iLi0PQ(CGHy y@0Miit@énd it is preferred
to use a lithiumsalt as the electrolyte Exanpl es of lithium
salts incliude Li BiSOgi(RF2IzSO3%L-Li Hhgrertbe bNG{derﬂcjlymeZELG electro-

Li(Qerrirterrl) here] B B COLer Hent L GO o IS 3Py 15tnium

5@42812H1'2, LuLlc(F3§8§ %3%%04%’48 AR O I et %ffe{ef‘t%coz,
e e, AT A Sl 1
el ectro-

trode is large and hence a wide range of electrochemi-
10 cal window is utilized, it is preferred that the elec-
trolyte be an electrochemically stable lithium salt.
Examples of such lithium salts include a lithium salt
of fluorinated alkylsulfonic acid, such as LiCFg3SOz or
LiCyFgS03; a lithium salt of fluorinated sulfonimide,
15 such as LiN(CF3S05},; LiBFy; LiPFg; LiClO4; and LiAsFg.
Examples of solvents used in the electrolytic
liquid for impregnating the polymer foam include low
molecular weight organic compounds, such as cyclic
carbonate compounds (e.g., ethylene carbonate, propy-
20 lene carbonate and butylene carbonate), chain carbonate
compounds (e.g., dimethyl cérbonate, diethyl carbonate
and methyl ethyl carbonate), ether compounds (e.g.,
tetrahydrofuran and methyltetrahydrofuran), ester
compounds (e.g., 7-butyrolactone, propiolactone and

25 methyl acetate), nitrile compounds (e.g., acetonitrile



| yte of the present invention is used in a lithium secondary
battery, in which the potential difference bet ween the positive
el ectrode and the negative el ec- trode is large and hence a w de
range of el ectrochem- 10 cal window is utilized, it is preferred that
the el ec- trolyte be an el ectrochenggsally stable lithiumsalt.
Exanpl es of such lithiumsalts include a lithiumsalt of .
fluorinated al kyl sul fonic acid, such as Li CF3SO3 or Li CAF9SX3; a
lithiumsalt of fndopropiesitudifleni;mahed olligoethyherie amxided CRIRAR )RS
Li BF4; Li PF6; Lid O4; and Li AsF6. Exanpl es of solvents used in
the el ectrol yti cdiglyme andgdietriaglymesr epdaderjvatdyss ywhardahm iAndngle
| ow mol ecul ar wei ght organi ¢ conpounds, such as cyclic
carbonat e conpouffie @boye-meryhiioned COMPOVRCS, SRFRRNat GomPQ‘é'FféS and
car bonate and butyI ene carbonate), chain carbonate oundsréH%

)

di net hyl car bonaB&red é’ﬂm"“@&lrso@ﬁﬁ éyreferred ¥ r?etlﬁsﬁhjé{‘?]ﬂ RSt

g;[lg: corrpounds %19 %ﬁx&étr(gxgellre?%;za drofuran acaqbngar%e{ e%ahxt_gjo%an)
A st ik, MR b, g o
G017 o A IRl Ve G e v
are preferred foéoivbhkhE%E‘Qﬁikﬁﬁéﬁﬂ?&iyte. Examples of such polymers
include aliphatic polyethers, such as polyethylene
10 oxide and polypropylene oxide; fluorinated polymers,
such as polyvinylidene fluoride and a vinylidene fluo-
ride/hexafluoropropylene copolymer; polyacrylonitrile;
aliphatic polyesters; and aliphatic polycarbonates.
The hybrid polymeric electrolyte of the present inven-
15 tion can be advantageously produced by impregnating a
closed-cell cellular polymer foam with a solution of
the above-mentioned electrolytes in the above-mentioned
solvents. Such a solution may further contain other
solvents for an electrolyte. Alternatively, as men-
20 tioned above, a liquid electrolyte as such may be used
as an electrolytic liquid without using a solvent.
The hybrid polymeric electrolyte of the present
invention canlbe produced, for ekample, by immersing,
at an appropriate temperature, a polymer foam in a

25 solution obtained by dissolving an electrolyte in a



5 to their excellent electrochemcal stability. Further, I n

the present invention, a solution of a polyner in t he

above- nenti oned solvents can al so be used as a solvent for an

el ectrol yt'e. Exanpl es of such pol yners i nclude aliphatic

pol yet hers, such as pol yethylene 10 oxgge and pol ypropyl ene oxi de;
fluorinated pol yners, such as polyvinylidene fluoride and a

vi nyl i dene fl uo- ri de/ hexaf | uor opr opyl ene copol yner;

pol yacrylonitril @olvent thedfal ithai@eShipregri¥imy it idSlymer foam
pol ycar bonat es. The hybrld pol ymeric electrolyte of the pr esent

i nven- 15 t W@ RhC aheb &caitAinA GF0 ey dlierstead dey. i rm{@gi}ﬁ\rél-gnéh—
cl osed-cell cellular polynmer foamwth a solution of

above-nmenti oned eienkedomettihod i Iprefieavedrefriano ridee v1ewp01nxﬂoﬁﬂéase5mCh

a solution may further contain other solvents for an electrolyte.
Al ternatively, agnmeperagdon. tioned above, a liquid el ectrolyte as such
may be used as an electrolytic liquid'w thout using a solvent.

The hybri & pol yneric dredbepipriesesft tipyveptdamt as mentignakmbaeye cdy be
produced, for exanple by i mmersing, at an appropriate tenperature,
a pol ymer foam i #®loydng a polymedh faamhesdng adl%%‘iﬁﬁﬂt’ﬁﬂ‘% RIBESH| yt e
in a sol vent

therefor, ther ebyeOMsPdyn & PP BOdRR S (?J'rﬁctrc’lyte \Mﬁ‘ﬁ"ﬁé‘%’f ution
of "t he eI ect rol ygn%chyf‘&c%llo Q:r'a%@th an[d excel?l.% dc rI:Eaah\:Od éa%ﬂ:‘?tye rcgaergj fe[. om

t he vi ewpoi nt of
obtalned. In the present invention, it is not requi-

10 site for the polymer foam to have a crosslinked struc-
ture. However, when the polymer foam has a crosslinked
structure, the contents of the electrolyte and the
solvent therefor in the hybrid polymeric electrolyte
can be selected from broad ranges. The use of a polym-

15 er foam having a crosslinked structure is advantageous
especially when it is intended to obtain a hybrid
polymeric electrolyte having high contents of the elec-
trolyte and the solvent therefor, because it becomes
possible to obtain a hybrid polymeric electrolyte which

20 can remain in a solid form even when it has the elec-
trolyte and the solvent therefor in high contents.

The impregnation temperature may vary depending on
the combinatibn of an electrolyte and a solvent there-
for, the impregnation time and the like. However, when

25 the impregnation temperature is as low as around room



5 In the present invention, as nentioned above, by

enpl oyi ng a pol yner foam having a crosslinked pol yner segnent, a
hybri d pol yneric el ectrol yte having high mechani cal strength and
excel | ent *heat 'stability can be obtained. In the present invention,
it is not requi- 10 site for the polyngg foamto have a crosslinked
struc- ture. However, when the polyner foam has a crosslinked
structure, the contents of the electrolyte and the sol vent therefor

in the hybrid pokpiper@ateirRGt el A f the impradgrifcich eld asbddwdtdd ops

ranges. The use of a polym 15 er foam having a crosslinked structure
i s advant ageous a prolongRideerlilod Wiertiinie,| sthentispisshrizotidn aofH ehdybri d
pol ynmeric el ectrolyte having high contents of the el ec- trolyte and
t he sol vent t her pbdymelreostyex twilkdc@memtisfactonyosmdiiret tof othai ellec-

hybrid polyneric electrolyte which 20 can remain in a solid formeven
when it has the #redytic liquig slapneotake terfoymedy (Thersforen ¥heh
contents. The i npregnation tenperature may vary dependi ng on
t he combi ¥ation W%%W&W@%ﬂ@@(ﬂ BRcinpkke has ‘only @ lewe

I npregnation tinme and the |ike. However, when 25 t he iqPregnation
tenperature is adoPdw £OrYusHyitgom Or the other hand, when the im-

ool onged por BRI e e B S L Ao St Bl
with a satisfact Q:re}{lp%%%tremoé hl:%e,el;‘;‘?)(EI.'jzllier of the polymer foam, the
polymer foam is either distorted or dissolved in the
10 electrolytic liguid. Therefore, the impregration is
conducted at a temperature at which the electrolytic
liquid can satiéfactorily swell the polymer foam with-
out distprting or dissolving the polymer foam. Specif-
ically, the impregnation temperature is generally from
15 35 °C to 200 °C, preferably from 50 °C to 180 °C, more
preferably from 60 °C to 150 °C.

The impregnation of a polymer foam with a non-
agueous electrolytic ligquid can also be conducted by
immersing the polymer foém in a non-aqueous electroly-

20 tic liquid which contains a swelling agent, to thereby
efficiently and effectively impregnating the polymer
foam with the swelling agent-containing electrolytic
liquid. By this method, the impregnation can be con-
ducted at a relatively low temperature and the impreg-

25 nation time can be shortened. In this method, the



trolytic liquid cannot be perforned. Therefore, the 5 resul t ant

hybrid polyneric electrolyte has only a | ow I oni c conductivity. On
t he other hand, when the im pregnation tenperature as high as
around the nel t'i ng tenperature of the polyner of the polynmer foam
t he polymer foamis either distortgg or dissolved in the 10
electrolytic liquid. Therefore, the inpregnation is conduct ed at
a tenperature at which the electrolytic liquid can satisfactorily
swel | the pol ymegmpeagnditibn treatmentOdondiitidns, NGudh &S e/ idEngdiel -
pol ymer foam Specif- ically, the inpregnation tenperature is
generally from thon of thel elepErodyHi¢ 1dgulid, mhef dmidegratio®b0 [err] C
to 180 [err]C, nore preferably from60 [err]C to 150 [err]C

The i npr egnat i ontemperptiuyee ando dneviipregnation time mayq e @ppro-

el ectrolytic liquid can al so be conducted by | mrer si ng the pol yner

foamin a non-agpedatedvesedecied 2@ that tthe podiymerwficam dehtndths a

swel l'ing agent, to_thereby . efficiently and effectively

i mpr egnat isng t heSpopfaptially disspdyed,iduringe thee iMpReandHiQn driteati ng
el ectrolytic liquid. By this nmethod, the inpregnation can be con-
ducted at a reIaWPV@Py | ow tenperature and the inpreg- 25 nation tine

be sh d. hi hod  th o .
S oy cqnaFPORPEFeat R L BRAVEIH £O%, 4P AR ALATLER o

E'Lg”i of the el ech@ﬁ'-)éﬁ;h‘éoh%q%h%ct’r@ﬁﬁ?%r 9994 P ¥hich contdiHPY Al and
npregnation T nme nay De appro
ing agent as mentioned above, at least a part of the
190 swelling agent can be removed from the resultant hybrid
polymeric electrolyte, for example, by the following
methods. When the swelling agent used has a low boil-
ing point as compared to that of the solvent for the
electrolyte, the swelling agent can be selectively
15 removed from the hybrid polymeric electrolyte by sub-
~ jecting the hybrid polymeric electrolyte to at least
one treatment selected from the group consisting of
reduced pressure treatment and heat treatment utilizing
the difference in boiling point between the swelling
20 agent and the solvent for the electrolyte. The amount
of the swelling agent to be removed may be appropriate-
ly selected by controlling the treatment conditions
(e.g., the degree of reduced pressure, the temperature
and the time). ' When the swelling agent has a boiling

25 point close to that of the solvent for the electrolyte,



priately selected so that the polyner foamis not 5 substantial ly

di ssol ved during the inpregnation treat- ment .

Further, when a polyner foamis inpregnated with a non- aqueous

el ectrolytic li'quid which contains a swell - - ing agent as mentioned
above, at least a part of the 10 swel | kgg agent can be renoved from
the resultant hybrid polyneric electrolyte, for exanple, by the
fol |l owi ng nmet hods. \Wen the swelling agent used has a | ow boil -

ing point as conparedrlsy e sielllihd lgeait But 4% the solvehecisol yte,
the swelling agent can be selectively 15 renoved fromthe hybrid

pol ynmeri c el ect r alepiozrddy fxidin the hybrid euliymprtire didetrblpte ney i the

el ectrolyte to at | east one treatnment selected fromthe group
consi sting of above-megxdihiceedrads sheastt rovet nereatmeh heat In relad sref-
utilizing the difference in boiling point between the swelling 20
agent and t he solstamcef,orthehaasuddiandt \nxbridrinolameric electrolx)tet he

swel ling agent to be renoved may be appropri at e- y sel ected by
control l'ilg the haé’dﬂge@t losh@antsnt of the S"{Jé’%}‘t fore ﬁé%r%be%?rqabidﬁ%ed
pressure, the tenperatur and t . When the swel I|ng agent
s a bol 11y | 2887 Be'Smhhen dapiaimaRad ofl the & e £67 1R

el ectrol yte

only the swel | | n§IEFEFCWHE S%85 e SHRRAGTRE the sc’lv?ré?m%/rédﬂ?? om t he
hybrid p0|ynEr'CH@H%Eﬂ”ﬂdﬂfﬁéﬁﬁéigiectrolyte. Alternatively, after a

polymer foam is impregnated with a non-aqueous electro-
10 lytic liquid which contains a swelling agent, -the
resultant hybrid polymeric electrolyte may be further
impregnated with a solution of an electrolyte in a non-
aqueous solvent, which solution contains no swelling
agent, to thereby replace at least a part of the swell-
15 ing agent by the electrolytic solution containing no
swelling agent. In this method, the amount of the
swelling agent remaining in the hybrid polymeric elec-
trolyte can be controlled by changing the amount of the
electrolytic solution or the non-agueous soclvent which
20 is used for the replacement, and the temperature and
time for the above replacement operation. For largely
reducing the swelling agent content of the hybrid
polymeric electrolyte, it is preferred to repeat the
above-mentioned replacement operation several times.

25 It is preferred that the above-mentioned swelling



above-nentioned at |east one treatnent. In this in- stance, the
resul tant hybrid polynmeric electrolyte 5 having a | ow content of the
solvent for the electrolyte may be further inpregnated with a
solvent far the el ectrolyte so as to supplenent the solvent in the
hybrid polynmeric electrolyte. Alternativelygpoafter a pol yner foam
Is inpregnated with a non-aqueous electro- 10 lytic liquid which
contains a swelling agent, the resul tant hybrid polyneric

el ectrol yte nmay lagentr theercomposed of mumgmaidsl whidh case| inswsceptible

el ectrolyte in a non- aqueous sol vent, which solution contains no
swel |'i ng tagdmctrachdmwiicsly regdtionsdt |Such an palkectfochemigalit--
15 i ng agent by the electrolytic solution containing no

swel | ing agent. W timertravwidingaggniumanibe feft in the dypbridg agent
remaining in the hybrid polyneric el ec- . trolyte can be controlled
by changi ng t he ﬁ?ﬁﬁﬂe’ﬂfct ctrolyte, angd i SHFR 2 F¥¢onthe $helling

non- aqueous sol vent ich 20 - i s used for the replace t, agd t he
t enperat urfe and 29S0T SeLVER §%2 tsrle"é?db?/eg?’%pif}b%e‘?i%ft’é‘bgg?i on"RgPra
| ar gel y I Gi th wel | i ng agent. conte f hybr i
polyneric electro W%tqe,n}rl{g algs("glptrS ecfoemrére%lt% reelpetaéal?}?(fr}téelﬁ)lcgffy :Xeacgive

above- nenti oned E%%gﬁ)?)é{éﬂ_’é‘n;iné[)ﬁ%é? i %c?ﬁ’eﬁéﬂefi%ag&?b is removed! 1S

preferred that the d swe

'?g el ect roche%gggrﬁwgipr%%ﬁ%%%%Iw%ﬁépébgbé-
mentioned methods, or by extraction, distillation or
10 the like. The swelling agent content of the hybrid
polymeric electrolyte of the present invention is
preferably 5 % or less by weight, based on the weight
of the hybrid polymeric electrolyte.
Explanation is made below with respect to a spe-
15 cific exaﬁple of the above-mentioned impregnation
method using a swelling agent, in which example a
polymer foam of a vinylidene fluoride polymer, such as
polyvinylidene fluoride or a vinlidene fluoride/hexa-
fluoropropylene copolymer, is impregnated with a non-
20 aqueous electrolytic liquid which contains a swelling
agent. Examples of swelling agents include ketone
compounds, such as acetone and methylethyl ketone;
cyclic compounds, such as tetrahydorofuran and dioxane;

and ester compounds, such as ethyl acetate and butyl

25 acetate. Such a swelling agent is mixed with a solu-



ly inert swelling agent may be left in the hybrid pol yneric
electrolyte, and in such a case, the swelling 5 agent serves as a
solvent for the electrolyte. Wen a swel I i ng agent conpri sing
el ectrochem cal'ly reactive conpounds is used, such a swelling
agent is renoved fromthe hybrid pghymeric electrolyte by the
above- nment i oned net hods, or by extractlon distillation or 10
the like. The swelling agent content of the hybrid pol ymeric

el ectrolyte of theoh e%cRin 'él‘é%ﬁx*dl'irﬁes in a non-dfRicisadonerds oko | €ss by
wei ght, based on the wei ght of the hybrid polyneric electrolyte.

Expl anation is npgepbeleod Whidl Iiegp eqferitt-coreininkp electitdiytxanige of
t he above-nenti oned i npregnation met hod using a swelling agent, in

whi ch exanpl e a uid, and heprer pgodymenf foan nyd iicpredrated deitiol yheer ,
such as pol yvi nyl i dene fluoride or a vinlidene fluoride/hexa-

f1 uoropropyl ene obfelinedr electnpdydyratlddgiudid.n Alkearnalvely, twieous
electrolytic liquid which contains a swelling agent. Exanples of
swel | i ng &gents PRdvoex Koeshaay be firstprpmpagnatadivigh &« B Le)

met hyl et hyl ketone cyclic conpounds such as tetrahydorofuran and
di oxane; é‘é‘f’ettht%‘rrﬂm with g golaticion P RASF- 25
acetate. Such a s I gpg ent is mxed w SO

o1 ti off Rory Batieus Moy e, AREFeqRation of

the polymer foam with the swelling agent or with the
swelling agent-containing electrolytic liquid is con-

10 ducted at a temperature of from room temperature to
100 °C. When the vapor pressure of the swelling agent
and/or the solvent for the electrolyte is relatively
high at the impregnation temperature, the impregnation
is conducted in a sealed vessel under atmospheric

15 pressure or under superatmospheric pressure. When a
solvent having a high boiling point, such as cyclic
carbonatés (e.g., ethylene carbonate and propylene
carbonate) and cyclic esters (e.g., 7-butyrolactone),
is used as the solvent for the electrolyte, a swelling

20 agent having a low boiling point can be removed by the
above-mentioned method. The hybrid polymeric electro-
lyte of the present invention can be produced by the
above-mentioned methods.' However, methods for produc-
ing the hybrid polymeric electrolyte are not limited to

25 these methods.



prepare a swelling agent-containing electrolytic |iqg- uid, and
then a polyner foamis inpregnated with the obt ai ned el ectrolytic
liquid. Alternatively, the 5 pol ymer foam may be first inpregnated
with a swelling agent and then inpregnated with a solution of an
el ec- trolyte in a non-aqueous sol ggnt. The inpregnation of

the polyner foamwth the swelling agent or with the swel I'ing
agent-containing electrolytic liquid is con- 10 ducted at a

tenperature of fromraps HRARPEIGHeric electrdilftd &5f |the \wasdéle vapor
pressure of the swelling agent and/or the solvent for the

el ectrolyte is rdnsentdlon has a high glordic idundurprisgingt | and teampboas ur e,
t he i npregnation is conducted in a seal ed vessel under atnospheric
15 pr essur e exceddemt pmepeattisspheniah mestleribi My, fprocessabil-
sol vent having a high boiling point, such as cyclic car bonat es
(e.g., ethylene ddvhomechanicalr &y Qﬂﬂih and elegioshenigahrgitalptliey.
esters (e.qg., [err]- butyrolactone) is used as the solvent for the

el ectrol ytse, a swdEmefgrex this hyhnid I?&AW%’LQ (ﬁv}%#‘i’% ot fit 2Rk be
Crectro- ) 1 aﬂi\)ﬁet&at"%ﬁ R SERA Rt BLo h ARelERg. (ecn
b t d th th

Pybr il pol yer i o8 B PRSI do Gior 9 indgm Py, a ’-e%%l“‘{??%‘%‘
62 on83S Y HEHELRP! Wy tﬁu‘ﬂn?citcfrp lé’écﬁ)rfgaf;'%ﬁ'@éf?t an air

battery and a photochemical battery), an electrical

10 double layer capacitor, an electrochemical sensor and
an electrochromic display device.

In the above-mentioned electrochemical devices, at
least two electrodes are disposed through the hybrid
polymeric electrolyte provided therebetween.

15 A battery as a representative example of electro-
chemical devices employing the hybrid polyméric elec-
trolyte of the present invention will be described
hereinbelow. In a battery employing the hybrid poly-
meric electrolyte of the present invention has a struc~

20 ture such that a positive electrode and a negative
electrode are disposed through the hybrid polymeric
electrolyte of the present invention provided therebet-
ween.

For example, in the case of a lithium battery, it

25 is preferred that a lithium salt be contained in the



i nvention has a high ionic conductivity and vari ous excel | ent
properties, such as flexibility, processabil- ity, mechanica
strength and el ectrochenmical stability. 5 Therefore, this hybrid
pol ymeric ‘el ectrolyte is appli- cable to various types of

el ectrochem cal devices, such as aghattery (e.g., a lithium
battery, a lithium sec- ondary battery, a lithiumion secondary
battery, an air battery and a photocheni cal battery), an

electrical 10 hybsadbp@llyiesic AR VIVLyHR) QT Hdeioes| Sensor and
an el ectrochrom c di splay devi ce. In the above-nentioned

el ectrochem cal g¢geefersedatthat a litHismstsdlwo bad esaddes ar elbchased

t hrough the hybrid pol ymeric el ectrolyte provided therebetween

15 A baflygey a¥hernr epldddvituat isad texanmantEinsgdedir dshe hybrid
chem cal devices enploying the hybrid polymeric el ec- trolyte of
t he present |nve§PﬂUWGNMq edecixedyiisod it is prefigamad\pdiatwva |sukstancery

enpl oying the hybrid poly- neric electrolyte of the present
i nventionShas a SepPgble 9o occluding and, ned@asing diithiam ke tysak ame a

negative

| ect di d th d |
electrol yte of tﬁ'g%ﬁ%ﬁ'?é‘g%oirn\y o5 qse_ roqq’r?é:l%o@t’g)réhe %oealrrerr C.

For exanpl e, of |un1b tter preferred
that a lithi um s%l'h@c%%% 8ﬁt ai then Have Y b1dderdde matersar,

63 material having a higher electric potential than that
of the negative electrode material is employed. Exam-
10 ples of such positive electrode materials include
oxides, such as Lij _4Co0,, Li;_,NiO,, Lij _yMn,04 and
Lijy_4MO, (wherein O<x<l, and M represents a mixture of
Co, Ni, Mn and Fe); Liz_yMn204 (wherein 0O<y<2), crys-
talline Lil-sz°5r amorphous Liz_ V205 (wherein O<y<2)
15 and Lil_z_xuszos (wherein 0<x'<1.2); metal chalco-
genides, such as Liq_,TiS,o, Liq_ MoS, and Li3_ZNbSe3
(wherein 0<z<3); and organic compounds, such as poly-
pyrrole, polythiophene, polyaniline, a polyacene de-
rivative, polyacetylene, polythienylene vinylene,
20 polyallylene vinylene, a dithiol derivative, and a
disulfide derivative.
As the negative electrode material, a material
having a lower electric potential than that of the
positive electrode material is employed. Examples of

25 such negative electrode materials include metallic



hybrid polynmeric electrolyte, and therefore, it is preferred that
alithiumsalt be used as an el ectro- lyte. When a lithiumsalt is
contained in the hybrid polymeric electrolyte, it is preferred
that a substance 5 * capabl e of occluding and releasing |ithiumbe used
as a material for the positive el egjrode and the negative

el ectrode. As the positive electrode material, a mat eri al having a
hi gher el ectric potential than that of the negative el ectrode

material is enpl eyediuRXe®ntalPing mRtRTiah sSUGudIYES imec=8118d rotéhium,
mat eri al s i nclude oxi des, such as Li1l-xCo(®2, Lil-xN @2, Lil-xW2H

and Li laxMeRumiaemel tRiaml aldos lMnide Rl afytess iaun¥ aivifnof-

Co, Ni, M and Fe); Li2-yMh2O4 (wherein O<y<2), crys- talline

Li | -xV205, anorphethibm?al¥Vseh GEnitermetaldyi<? compounds, anbH ids ADXSHND20H
(wherein 0O<x'<1.2); netal chal co- geni des, such as Li1-xTi S2,

Li 1-xMbS2 and Li BgzMeSedd NisSi,; cawbeonesicecOsz a@terdad sor gausle asprgpounds,
such as pol y- pyrrol e, polythi ophene, polyaniline, a polyacene de-
rivative, spol yacergpbige,psl wokeeapde ge 1owh Hemperatuyre-calgigied|nad whe
vinylene, a dithiol derivative, and a | di sul fide derivative.

As the negative BFéctlithdumasoditd sodutdeoms 9f metal oxides.nfuch GAmran

el ectric potential than th?t of positive electrode material is

t.h
enpl oyed. Exanpl 88Mopxide (wher Pﬁ"hé‘&é’Fﬁ?@néﬁse&’T'o% AR Fh k@ 19 ude

netallic

plex oxide of Si, z (wherein Mxi%epresents W, Sn,

_YM'YO
Pb, B or the like), titanium oxide and iron oxide; and

10 ceramics, such as nitrides, e.g., LigMnN,, LigFeN,,
Liz_yCo,N, Lig_ . NiN, Lig_,Cu.N, LigBN,, LigAlN, and
LizSiNg. It should be noted that when metallic lithium
formed on the negative electrode by the reduction of
lithium ions on the negative electrode is used as a

15 negative electrode material, the type of the material
for the negative electrode is not particularly limited
as long as it is electrically conductive.

The positiye.and negative electrodes used in the

battery of the present invention are produced by mold-

20 ing the above-mentioned electrode materials into a
predetermined configuration. The electrodes may be
either in the form of a continuous solid or in the form
of a particulate electrode material dispersed in a
binder. Examples of methods for forming a continuous

25 solid include electrolysis, wvacuum deposition, sputter-



l'ithiumcontaining materials, such as netallic |lithium an

alum numlithiumall oy and a nmagnesi um al um num l'ithium all oy;

intermetal lic conpounds, such as Al Sb, My2Ge and N Si 2;

carbonacedus ndterials, such as a 5 graphite, a coke and a | ow

t enper at ure-cal ci ned polym er; lighiumsolid solutions of netal

oxi des, such as an SnM oxi de (wherern Mrepresents Si, Ge or Pb),

a com pl ex oxide of Sil-yMyQz (wherein M represents W Sn,

Pb, B or the |ikghg,! idv) Wa1Xigidcaybidgdn é?éﬂﬂjé&rlrﬁ_:f‘d anld owdé:.er@éﬂt-cs

such as nitrides, e.g., Ui 7MhN4,” Li 3FeN2, L1 3- xCoxN Li 3-xNi N

Li 3-xCuxN, Li 3BN¥>ré§s&Hﬂ\|%walaing. In tHd Powdbr Idomp¥uishihne moldihd hat

when netallic lithium formed on the negative el ectrode by the

reducti on of method,i tan wheatrode itshprmelyaiad/ doyeleslidioe a sniseuras a

15 negative electrode material, the type of the materi al for

t he negative el eofr ed@artiml als telmdtadde matiemichl and a bidéwnng as it

is electrically conductive. The positive and negative

el ectrodes used Fxampdes of bindsma dneclyide potprasslshithenabevermene

produced by nold- , 20 t he above mentioned el ectrode materials into
pr edeftdometed Jd’éﬁﬁ tHl31e ﬂ‘Fe Hﬂlé@tqliﬁj étsq'ﬁaya%é“aterlals

elther in the formof a_contj

s sql.i the f
particul ate el ecfPFd& I?&Péel ‘I lis q]hpé’ ymer é)oa“b'i I ajé&rqu”e‘s of

ret hods for TOrMALACHNIMINS GRn ss YAl SHL "PLYEk ana

Teflon latex, and metals. A polymerizable monomer and

65

10 a crosslinking agent may be added to the binder, and
the resultant mixture may be subjected to molding,
followed by polymerization and crosslinking. In addi-
tion, a particulate form of the hybrid polymeric elec-
trolyte of the present invention may also be used as a

15 binder. For the purpose of improving the strength of
such a binder or modifying the properties.of such a
binder, the binder may be i?radiated with radiant
energy, such as electron beams, 7-rays, ultraviolet
rays and infrared rays. For effecting ion transporta-

20 tion between the positive and negative electrodes,
current collectors made of a material having low elec-
trical resistance may be provided on the positive and
negative electrodes. In producing an electrode accord-
ing to the above-mentioned methods, the current collec-

25 tor is used as a substrate for the electrode. A bat-



ing, CVD, nelt processing, sintering, and powder com pressi on

nol ding. In the powder conpressing nol ding nmet hod, an el ectrode is
produced by nolding a m xture of a particulate electrode nateri al
and a binder. ' 5 Exanpl es of binders include not only the above-nen-
tioned vinylidene fluoride polyners used asggaterials for a

cl osed-cell cellular polynmer foam but al so non- f oamed pol yners,
such as a styrene-butadi ene | atex and Teflon latex, and netals. A
pol ymeri zabl e noReRr cufd belgroduc%@myssdﬁéﬁamg\@rmammyaﬁze seelesitite t he
bi nder, and the resultant m xture may be subjected to nol ding,

fol | owed by pol ysempbaid® vl posissive lelrgsttodetittie hybrid polyméria
particulate formof the hybrid polyneric el ec- trolyte of the
present inventi orelestralyteheoflisde areserith inventiiont .nedgativdesacpose
of inproving the strength of such a binder or nodifying the
properties of sudirode. AlterﬂﬁﬁﬁkﬁlyxtﬂahﬁtﬂﬁﬂyrﬁgntﬁJSthﬁﬂnxQQuQ¢dh
radi ant ener gy, such as electron beans, [err]-rays, ultrayviolet
rays and isfrar e®¥r FiFSERTEHFENG Ry I nate Sloryature Fonposed B Hat ween
the positive and ne t|ve ectro curre ol l ectors de of a

mat eri al havi ng PG&% e e°tr°é£;% Q%ﬂs?4ﬂﬁ§ﬁ¥uﬂﬁiiﬂégﬁ) ?ﬁ%ﬁ?ﬁ YR t he
iti d at | t I n d

becord- . befge ’-?‘Wéfl R e TR SRS LS, oo

25 tor is u%ﬁ.qlui%/a a %%arﬁ% feﬁeé%ﬁ,ecéx{@ d@hen Ainpg?fégnatlng the

laminate structure with a non-aqueous electrolytic

10 liquid.

In general, in conventional batteries wherein an
electrolytic liquid is simply used or a polymer is
simply impregnated with an electrolytic liquid, the
electrode is used in such a form as retains electroly-

15 tic liquid therein. In this case, by a long-term
storage or under some storage conditions, a non-
uniformity and a decrease in the electrolytic liquid
content in the electrode are likely to take place,
leading to a decrease in the ion transportation between

20 the electrodes, so that a lowering of the performance
of the battery occurs. This problem is especially
serious in secondary batteries which need to be used
for a long period of time, since the life of secondary
batteries becomes shortened. In addition to the lower-

25 ing of the battery performance, the danger that an



66 tery can be produced by preparing a |l amnate structure
conposed of a positive electrode/the hybrid polyneric el ectrol yte
of the present invention/a negative el ec- trode. Alternatively, a
battery can al so be produced 5 by first preparing a | am nate
structure conposed of a positive el ggtrode/ a cl osed-cell cellular
pol ymer foam before inpregnation with a non-aqueous el ectrolytic
| iquid/ a negative el ectrode, and then inpregnating the | am nat e

structure with aceeangtéealofelecigleoticlyti® 1iqdid|Uirtbm the elec- I n
general, in conventional batteries wherein an el ectrolytic liquid

is sinply used otredpel ytisess a leakagesiofplthed rglreegnadlgobint thiqunid to

el ectrolytic liquid, the el ectrode is used in such a form as
retains el ectrol fthe thitside iof [thguibtttegreibms Heen M sexisnys yreblem.

| ong-term storage or under sone storage conditions, a non-
uniformty and a decr daserden e dodme dihg iabavemmentioned probigmsit |n
the electrode are likely to take pl ace, | eading to a decrease in
the ion tBanspor BECOFRiIBG Weegnoiher aspacte|Qltthaiqresent HventHiRr i ng
of the performance of the battery occurs. This problemis

especial ly therg i&, PToyided, fdh nds SOMBT IR R Bt

for a |l ong period.of fig%ﬁ si.nce the | ecaondar atteries

j f f . .
becomes shor t ene§ECHELSE MRHTHSh ﬁ"é‘d (ﬁ%’?j'-nds% °°‘“P’é|/1nsg“b? T hcei) 2Tt ery

per f or mance, thecgﬁﬂg%hfﬂﬁﬁéfmﬁolymer foam. Further, by impregnating

the cellular polymer foam of the electrode with a non-

10 aqueous electrolytic liquid, an electrode having the
high ability to retain an electrolytic liquid therein
can be obtained. Specific examples of methods for
producing such an electrode of the present invention
include é method comprising molding a mixture of a

15 particulate electrode material and a closed-cell cellu-
lar polymer foam or a pulverized product of a closed-
cell cellular polymer foam, thereby obtaining a molded
material, and a method comprising molding a mixture of
a particulate electrode material and a binder resin.

20 prior to obtain a molded product, and foaming the
binder resin in the molded product. The obtained
electrode is impregnated with a non-aqueous electroly-
tic liquid to obtain a swollen product for use as an
electrode for a battery.

25 The electrode of the present invention comprises a



67 oozing-out of an electrolytic liquid fromthe el ec-

trodes causes a | eakage of the electrolytic liquid to t he out si de
of the battery has been a serious problem In order to solve
t he above-‘nenti‘oned probl ens, 5 according to anot her aspect of the
present invention, there is providggl an el ectrode conprising a
particul ate el ectrode material and a binder conprising a cl osed-
cell cellular polymer foam Further, by inpregnating the cel lul ar
pol ymer foam of phetekbathtedelwdtrodefiarteri@]l andaGUetiRiedt asdgin ytic

liquid, an electrode having the high ability to retain an
el ectrolytic |iquofipirieiegna closed-cedl leeldntlsmeehlyseaciffoam.exdre es of
met hods for produci ng such an el ectrode of the present invention
i ncl ude a net hodederpriodengfnthei pgesentx imvendfion hes a higwrabickity e
el ectrode material and a closed-cell cellu- | ar pol ynmer foamor a
pul veri zed produtp sptain eseglectrolyticdiijqudd [thegeispl rtd REpvent
t her eby obtaining a_nol ded material_, and a net hod cqurising
nol di ng asni xt ur éegkage of an glegtirodyrtice ldi@dd . ode FAMRILED KR a bi nder
resin 20 prior to.,obtgin_a nolded product, and fgamng th '
bi nder resin in ERBVRBrALR3T &IGGTT -obt] &E?regnatlng(ﬁﬁﬁﬂéﬁﬁﬁ?#%?e
i mpregnated with npon- agueous electraly- . tig 1i.quid to.obf in a
swol | en product f’%rt gepg'gsgﬁﬁ: lnve_ntloél g&tghod"él feg‘recgzrl?él&%elrci/.h d'to
The el ectrode of {hg;Rr 65°Hh LY RYe!, OAnE WP Sudh an electrode for a
battery, a battery having excellent properties can be
10 obtained. The closed cells in the binder of the elec-
trode of the present invention which is used for a
battery are filled with an electrolytic liquid. In the
electrode of the present invention, unlike the conven-
tional electrodes having a through-hole structure, the
15 electrolytic liquid is sealed within the closed-cell
structure, so that leakage of the electrolytic liquid
from the electrode is less likely to occur. Further,
it is presumed that the closed-cell structure also
functions as a buffer structure for controlling the.
20 amount of the electrolytic liquid in the continuous
solid polymer matrix.
In the electrode of the present invention, it is
preferred that the volume percentage of closed cells

contained in the binder which comprises a closed-cell

25 cellular polymer foam, be from 5 to 90 %, based on the



68 particul ate el ectrode material and a binder resin

conprising a closed-cell cellular polynmer foam The el ectrode of
the present invention has a high ability to retain an electrolytic
liquid therein and to prevent 5 | eakage of an electrolytic liquid, as
conpared to conventional electrodesggBy inpregnating the electrode
of the present invention with an electrolytic liquid to obtain an
el ectrode, and using such an el ectrode for a battery, a battery

having excel | ent cRE@P&r LbeamedBPehel BinderORpRI1RRI to HhR GnR@blich i n
t he binder of the elec- trode of the present invention which is

used for a withbaht engcare1bitiled iwhlid)an aieCiglictiricad idpiigkiding he
el ectrode of the present invention, unlike the conven- tiona

el ectrodes havi nguaht Ar bighefiolie Smpreomwated kdthlan elesltacdliyttivdic i quid
Is sealed within the cl osed-cell structure, so that |eakage of the
el ectrolytic |iqliguid so thaftr dimet led ecttrodeodan bd esmed ideelan tellamcur .
Furt her, it is presuned that the closed-cell structure also

functi onssas a btkbde foruet bedteay .coMhenl theg vidlame) percentiagentodHithene
electrolytic liquid in the_continuous solid polymer matrix.

In the el ectrodecdpselecpldserenitaised dm the binder is less dhary I Hat t he

vol une percentage of closed cells cont ained ,in the binder which
conprises a cl osB§Sed P Fhe entdzg yodume,of hhe g’&rﬂ%eﬁe {BAE 1 9P o

based on the impregnation with an electrolytic liquid), the effect

of the electrode of the present invention is not fully

10 attained. When the volume percentage of the closed
cells contained in the binder is more than 90 %, based
on the entire volume of the binder (prior to the im-
pregnation with an electrolytic liquid), it is likely
that the electrode obtained using the binder has too

15 large a thickness so that the energy density per unit
volume of a battery becomes low, that the strength of
the electrode after the impregnation with an electroly-
tic liquid becomes low, and that the electrical resist-
ance becomes high. In the present invention, the

20 volume percentage of the closed cells in the binder is
more preferably 85 % or less, most preferably 80 % or
less, on the above-mentioned basis. Closed cells in
the binder are enclosed by a resin or by a mixture of a
resin and a particulaté electrode material. As the

25 closed-cell cellular polymer foam used in the electrode



69 entire volune of the binder (prior to the inpregnation

with an electrolytic liquid). The el ectrode conpri sing such a

bi nder is inpregnated with an electrolytic liquid so that the

el ectrode 'can be used as an el ec- 5 trode for a battery. When the
vol une percentage of the cl osed ce%és contained in the binder is
|l ess than 5 % based on the entire’Vvolunme of the binder (prior to
t he i npregnation with an electrolytic liquid), the effect

of the el ect rodeogf thge %%%F\q:t %Wéf‘%i"g‘q ias pra)cﬁm{écile:ﬁgb?%%rﬂich 1 @i ned.

When t he vol une péercent age t he ose alned 1n the

bi nder s More t RaRo4GnYniasedn additiomtd HBeMlddad UdiiEs Qlart o1 nder
(prior to the im pregnation with an electrolytic liquid), it is

li kely bBalskhe ekpeh adenokl Po1Sshads it N Rigkler s ¥ umd S

| arge a thickness so that the energy density per unit vol unme of a
battery beconmes pewcehhalge bE Hhecrgirdougfh-holes is tivet dlreliudet®e i tie t he

i npregnation with an el ectroly- tic liquid becones |ow, and that
the el ectrg cal resilsine percentagenod heomdosadimellls t et pregereferred

I nvention, the 20 vol une percentage of the closed cells in the binder
is nor e thedf dheb Mpl¥me)perdeadagenesi gheefparibiqulgtte,ekectrode

| ess, on the above-nentioned basis. Closed cells in t he bi nder are
encl osed by a refptesialy cpnhaingde 1xf the electrodeqf el REgERT cul ate

el ectrode material. As the_ 25 cl gsed-cel | ceIIuIaf_gpuzner f oam used
in the el ectrodeinvention be 20 to 70 %, based on the entir volume of

the electrode.

10 The cross-section of each of closed cells con-
tained in a closed-cell cellular polymer foam used in
the electrode of the present invention may take various
shapes, such as circular, elliptic and polygonal
shapes. The preferable size of the closed cell may

15 vary depending upon the objective of the use of the
electrode. The closed cell generally has a size of
from 0.1 to 100 uym, more preferably from 1 to 50 um, in
termé of the average value of the long axis and short
axis of each closed cell.

20 When the binder (polymer foam) in the electrode is
impregnated with an electrolytic liquid comprising an
electrolyte and a solvent for the electrolyte, the
electrolyte and the solvent are incorporated in the
polymer, so that the binder is converted to an ion-

25 conductive material comprising the polymer, the elec-



70 of the present invention, a polyner foam which has

t hrough-holes in addition to the closed cells can al so be used.
When such a polymer foamis used, the volune per cent age of the

t hrough-hol es i's not included in the 5 vol une percentage of the
closed cells. It is preferred that,{he volume percentage of the
particul ate el ectrode material contained in the el ectrode of the
pr esent i nvention be 20 to 70 % based on the entire volune of

the el ectrode. %ol te ar -@?1% FABmEC! 'A(l'%é%fnaetﬁ%ﬁ; %@%@fé&@iéﬁyﬁé’”'

tained in a close ular pol ymer foamused in
el ectrode of theapggeenta Iéa;wadtor‘fdfa»tﬂea@é&rﬂdl%e may be ﬂp@@s such

as circular, elliptic and pol ygonal shapes. The preferabl e size of
the closed cell #Rvorborated dry tiRPayidided Wmh tHeh olgiee trasilfarithe use of
t he el ectrode. The closed cell generally has a size of

fromO0.1 to 100 pdnden may depriafpregpiated omth tam Hidisridmyl iglectroly-~
terms of the average value of the long axis and short axi s of each
closed celi. 20tic liquid Weemsugpd epienderndrsy maplazen)thea atigigslt r ode
S inpre%nated with an electrolytic |liquid conprising an

el ectrolyte and glesTtredyteyBnd/Ore|sedves byt e, I'tt He necessaryg|that ot e and

the solvent are |ncorporated in the %yer so that the_binder is
converted to an Sg4venss for a‘bcﬁ%ﬁﬁ%ﬁ‘iq}é’%tdé’r isubsisiiaklsy 1o etyner,

h | ec-
the elec solve the polymer, and various combinations of polymers

and solvents, which satisfy this requirement, can be
10 used. When the electrode of the present invention is
intended to be used for a lithium battery or a lithium
ion battery, a solution of a lithium salt in a non-
aqueous solvent is used as the electrolytic liquid. 1In
this case, as polymer materials for the binder, those
15 which are described above as being suitable materials
for a closed-cell cellular polymer foam used in the
hybrid polymeric electrolyte of the preéent invention
are used.
The binder can be prepared according to the meth-
20 ods described above in connection with the preparation
of a closed-cell cellular polymer foam. Examples of
such methods include a method in which a foaming agent
is incorporated into a molded polymer, and the result-
ant polymer is heated under atmospheric or reduced

25 pressure, so that a foaming of the polymer is performed



71 trolyte and the solvent. Alternatively, an electrolyte

and/or a solvent for the electrolyte nay be first I ncorporated in
t he bi nder and then, the resultant bi nder nay be inpregnated with
an additional electroly- 5 tic liquid to supplenent and/or replace
t he ori.gi nal el ectrol yte and/ or solyﬁnt. It is necessary that the
solvent for an electrolyte do substantially’fiot dis- sol ve the

pol ymer, and various conbi nations of polyners and sol vents, which

oLty e e O oty ot e ARSI S
AP ot v H58, PR Ll ol M 4 kB ot

aqueous solvent is used as't case,

as pol yner mater bah$mbor a&xl&eapifl&'ﬁfingt '&%%?#tolig moldMd Charfd ecrlgs cended

above as being suitable materials r a closed-cell cellular

pol yner foam usegeshiiitadrt molded dudPQlsy Wyanfel eTuaing ©fatfisr
present invention - are used. The bi nder can be prepared
according 30 thethet moldifhg, a pIdyilesdzZadbad almoind cxOREdDinkidd t he
preparation of a closed-cell cellular polyner foam Exanples of
such net hods i nchgeatamagt bhed blendedc lwithf ddbe mplagesnt to effect =

i ncorporated into a nol ded pol yner, and the result- ant polyner is

heat ed under at npopiaerd zgitiond ore¢rozslinkimg yaaatiornp athdihen nangner), of

t he polyner is perforned
or the polymer may be irradiated with electron beams,

7-ray or ultraviolet ray to effect a crosslinking

10 reaction of the polymer. The above polymerization and
crosslinking reactions increase the strength of the
polymer foam produced.

Further, an electroconductive filler may be added

to the binder in order to promote the transportation of

15 electrons in an electrode active material. As the
electroconductive filler, a carbonaceous material
filler, such as carbon black, acetylene black or graph-
ite, a metallic filler and an electroconductive ceramic
filler can be used.

20 When the hybrid polymeric electrolyte of the
present invention is used (in a battery) in the form of
a laminate structure of electrode/hybrid polymeric
electrolyte/electrode, the hybrid polymeric electrolyte
can serve as a separator. It is preferred that the

25 polymer foam for such a use comprise a vinylidene



72 by a gas generated by vaporization or deconposition of

the foam ng agent; and a nethod in which a mxture of a pol ynmer and
a foam ng agent is nolded, and then the resul tant nol ded product is
foamed. Duting ‘or after 5 t he nol di ng, a pol yneri zabl e nononer or
crosslinki ng agent may be bl ended ?%th the polyner to effect a

pol yneri zation or crosslinking reaction of € nononer, or the

pol ymer may be irradiated with el ectron beans, [err]-ray or

ultraviol et ray L§,atlae! POIFhiES 'hia"’)&i??s?, a ljciq'.m(slslirrﬁ?e(& QR e, pol yner.

The above pol yneri zation ng reactions 1ncrease the
strength of the In R Eisel 2 gorlg.cﬂi'ﬁ% battery, the bﬂ%ézg&grca@”
e

el ectroconductive filler nmay be a to the binder Iin order to

promote the trangpobbaaitedby brepari®if@d NGRS ddted B RAURIS RGIHMen
material. As the el ectroconductive filler, a carbonaceous nmateri al

filler, such as ecaebbybilidcipolgarinicerlditaciyte ¥Bhe present iidrerd-
nmetallic filler and an el ectroconductive ceramc filler can be
used. 205 tiovhds Sandwiiohed beityeen a gomtittricley/tedeaftndde and a
present invention is used (in a battery) in the form of a |lam nate
structure of el eoegeddveyelieefroderer For examples| autirts yafe/e|legtiradess t he
hybrid polyneric electrolyte .., can serve as a separator. It is
preferred that tRF&Erugkure ofpppsditiveselesttrade hy Fspmerie elec-
vi nyl i dene
y trolyte/negative electrode can be laminated on one
another so as to have a sheet-like or roll-like struc-
10 ture. It is also possible to combine a plurality of
batteries in a manner such that the electrodes of the
individual batteries are connected in parallel or in
series. In general, in the case of a battery compris-
ing a solid electrolyte, the voltage can be increased
i5 by increasing the number of batteries which are con-
nected in series. An ion conductor other than the
hybrid polymeric electrolyte may be inserted between
and brought into contact with the electrodes and the
hybrid polymeric electrolyte, for the purpose of, e.g.,
20 achieving close interfacial contact and decreasing
interfacial resistance. If desired, means for connect-
ing electrical terminals to take or introduce electric
current, devices for controlling electric current or

voltage, and coatings for preventing moisture absorp-

25 tion of the above-mentioned battery unit and laminate



73 fluoride polynmer having a crosslinked structure.

In the case of a lithiumbattery, the battery can be obtai ned by
preparing a |l am nate structure in which the hybrid polyneric

el ectrol yt"e of "the present inven- 5 tion is sandwi ched between a
positive el ectrode and a negative ekgctrode. For exanple, units of
a |l am nate structure of positive el ectrode/hybrid polyneric el ec-
trolyte/ negative el ectrode can be | am nated on one anot her so as to

have a sheet-|i ket@fudtiide ldre 87 Yrotddking tHE Ebat‘t':ér%slu@iﬁoa@@SSi-m eto
conbine a plurality of batteries in a manner such that the

el ectrodes of thdaminate sirliotiulen nint they | eistadlted otw echie batt@ay ahh@l or
in series. In general, in the case of a battery conpris-

ing a solid el ectlamiytete tdteruatiuage can be i ncreased 15 by increasing
t he nunber of batteries which are con- nected in series. An ion
conduct or ot her than tie hybrid godyneriwnlsiastirolatetod| the pogsent
inserted between . and brought into contact with the el ectrodes and

t he 5 hybr ilrviesttian ihas|exaqlbignte rrepeiesurgide 3% high iondg
achieving close interfacial contact  _and decreasing i nterfacial
resistance. |f d&& , flexibility ,, pxgellent PTreeesfnal s

S 4
k i duce .gl ectri . i f L
Gl ectric Curront BHILEY, Fidf meghentaal HRIIGE 1 b RUER T HOORBPEL ur o
absorp- 25 Urhi¥ar MR ARG P NG DAL | Site Y- AR Db APRIAL &

electrolyte of the present invention can be advan-

10 tageously used not only in a lithium battery and a
lithium secondary battery, but also in various electro-
chemical devices, such as a photoelectrochemical bat-
tery, an electrochemical sensor and an electrical
double layer capacitor.

15

20

25



74 structure and for protecting the battery unit and

| am nate structure, nmay be attached to the battery and | am nat e
structure. _ The hybrid polyneric electrolyte of the present
i nvention *has excellent properties, such as high ionic

conductivity, excellent flexibility, excellgnt process- ability,
hi gh mechani cal strength, and hi gh el ectro- - chem cal stability.
Therefore, the hybrid polyneric el ectrolyte of the present

i nvention can be advan- pgfr mopkap6RUShRRYSRE 00t eAkY INUERTHON UM.
battery and a | iThium secondary battery, but also in various

el ectro- chemmer) pIRSeRAS irfidititm aviillote | REsdORad DRl mdpé -
tery, an electrochem cal sensor and an el ectri cal doubl e | ayer
capacitor. 15 detail wikh referenc2b to Examples and Comparative

Examples, which should not be construed as limiting
5 the scope of the present invention.

In the Examples and Comparative Examples, the
irradiation of electron beams was performedlat room
temperature, using Curetron EBC-200-AA2 (acceleration
voltage : 200 kV, electron current : 20 mA) manufac-

10 tured and sold by Nissin High Voltage Co., Ltd., Japan.

In the Examples and Comparative Examples, the
measurement of volume percentage of liquid-phase do-
mains of hybrid polymeric electrolyte and evaluation of
oxidation-reduction stability of hybrid polymeric

15 electrolyte were conducted by the following methods.

(i) Measurement of volume percentage of liquid-phase

domains of hybrid polymeric electrolyte

A sheet of hybrid polymeric electrolyte was frozen
with liquid nitrogen, and cut with a razor along three
20 planes (X-~Z plane, Y-Z plane and X-Y plane of the X, Y,
Z coordinates wherein the X-Z plane_and Y-Z plane are
taken along a thicknesswise direction of the sheet)
which are perpendicular to one another, to obtain a
sample having first, second and third cross-sections

25 corresponding, respectively, to the X-Z, Y-Z and X-¥



75 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON

The present invention will be described in nore detail with

ref erence to Exanpl es and Conparative Exanpl es, which shoul d not be
construed ‘as li‘mting 5 the scope of the present invention.

In the Exanples and Conparative Exanples, the I rradi ati on of

el ectron beans was perforned at room tenperature, using Curetron
EBC- 200- AA2 (accel eration voltage : 200 kV, electron current : 20

mA) manuf ac- 10p1anekur e%a@?ﬂo%olt%ebwﬂsi@' sdddHn Vald aa8 4P crddsl -
Japan. I'n the Exanpl es and Conparative Exanples, the

nmeasur enent of V@b op®y SN iR simdlie Wk RhaE® by a refmcwﬁa@f
hybrid polyneric electrolyte and eval uati on of oxi dati on-reduction

stability of hyboptipallymcreoscbpe (Olgmgais GHAZ metred loomyglied e dnibyrd-he
fol |l ow ng net hods. (i) Measurenment of vol une percentage of

| i qui d- phase scoped o manustagftungdt iathd alodrke iy Gllympus|Qpteical Co. A
sheet of hybrid polyneric electrolyte was frozen with liquid

ni trogen, Sand culbtdi-t,h Japaador Midiy nespesct 2@ eaclplafhdhg Xixrstane, Y-Z

pl ane and X-Y plane of the X, Y, Z coordi nates wherein the X-Z

pl ane and Y-Z pl §660R6c and third srassnsnationsiak fhe FRIR r BXOI- of

t he sheet) whi ch are per ndlcular to one another, to opbtain a

sanpl e having fi FECTieBSRF Aiguid-RpaSe domadnls ofthich were dispersed

in the continuous solid-phase domain, were examined to
determine the percentages of the total area of cross-

10 sections of the liquid-phase domains, based on the area
of each cross-section of the sample. The average of
the percentages of the respective total areas of cross-
sections of the liquid-phase domains, obtained with
respect to the first, second and third cross-sections

15 of the sample, was taken as the volume percentage of
the liquid-phase domains of the hybrid polymeric elec-
trolyte.

(ii) Evaluation of oxidation-reduction stability

One side of a hybrid polymeric electrolyte sheet
20 was covered with a stainless steel sheet, and the
halves of the other side of the sheet were respectively
covered with 2 metallic lithium sheets, to thereby
obtain an electrochemical cell. The electrochemical
cell was subjected to a potential sweep according to

25 cyclic voltammetry, using the stainless steel sheet as



25 correspondi ng, respectively, to the X-Z, Y-Z and X-Y

76 pl anes. Each of the first, second and third cross--

sections of the sanple was exam ned by a reflecting opti cal

m croscope (A ynpus BH 2 netal lurgical mcro- scope, manufact ured
and sold by dynmpus Optical Co. 5 Ltdzz Japan). Wth respect to each
of the first, second and third cross-sections of the sanple, cross-
sections of |iquid-phase donains, which were dispersed in the
continuous sol i dtheasRIY blawirodxXafdaking the 2 meled X 1¢ nEithium
percentages of the total area of cross- 10 sections of the

| i qui d- phase donahestsasedhs ddmmt@Emraelectrode dndadie creafsranceéi on of

t he sanple. The average of t he percentages of the respective total
areas of cross- electrodsactiaspeaiivelyd i dihel-gotantiivhesweep obesi ned with
respect to the first, second and third cross-sections 15 of the
sanpl e, was takefomsluaed amdar measamenpnprconditiong Hpuch gthat phbge
dormai ns of the hybrid polyneric elec- trcﬂgte. (ii%

Eval uati orf of oxiFFRSPoFAt &Y oh Wi/AsqMd, the range of sueqp Jeobenz
hybrid pol ynmeric el ectrol yte sheet was covered.with a stainless

st eel sheet, andtt"ﬁg' was éro“h& V& %Sl(t‘fﬁe L5t Li PG rmeaRuEAd: aRRAE-
respectively covered it met al |i L thi € t her eby
obtain an el ectr§c uesrﬁscﬁexgeelﬁﬁnc%igo%lge%r%er%ac Ae“lmbg%éjﬁ %%&3 céeﬁ?‘iq‘l a}ééf

subjected to a p@H%Hﬂf¥oﬁ%ﬁ%ﬁh&§¥é¥*ﬂdﬁbf<hB-1o4 (both manufactured and

sold by Hokuto Denko Corporation, Japan). Results of

10 the potential sweep were examined as to whether or not
a current peak due to oxidation or reduction had oc-
curred. When no current peak due to oxidation or
reduction is observed, it indicates that the hybrid
polymeric electrolyte is electrochemically stable.

15 Example 1

A hexafluoropropylene/vinylidene fluoride copolym-

er resin (hexafluoropropylene content: 5 % by weight)
was subjected to extrusion molding at an extrusion die
temperature of 230 °C by means of an extrusion molding

20 machine (manufactured and sold by Toshiba Machine Co.
Ltd., Japan), thereby obtaining a molded sheet having a
thickness of 150 pum. For effecting a crosslinking
reaction, the obtained molded sheet was irradiated with
electron beams so that the irradiation dose became 10

25 Mrads. Then, the irradiated sheet was subjected to



25 cyclic voltammetry, using the stainless steel sheet as

77 the working electrode and using the 2 netallic |[ithium
sheets as the counter electrode and the reference el ect r ode,
respectively. The potential sweep was conduct ed under measurenent
conditions such that the 5 sweep rat?gvas 5 nV/ second, the range of
sweep poten- tial was fromO to 5 V(vs Li/Li[err]), and nmeasuring
appar - atuses were function generator Mdel HA-303 and dual

pot ent i ogal vanOS%ch%rQ}S;pg;%ﬁ ( t*tlz f&ti"gx%jvﬁggelig as ggﬁéga@ééd

Hokut o Denko Cor porati on, esults o 10 ot ent sweep

were exan ned as g0 sMeetdisrify. ncﬁubse\ﬁ]uent]?y,c%ﬁ@@h@@@kwgé'efﬁftﬂé:fdat ion
or reduction had oc- curred. en no current peak due to oxidation

or r educ tiix@ad iss 8B aF Ml e 1dctrsh Gl s tdatthde tydrifradiation
polymeric electrolyte is electrochemcally stable. 15 Exanmple 1

A hexaf | uor opr opozre/bacyne dehaifddsor | dehe fitdeytniwas then btméeséd in a
(hexaf | uor opropyl ene content: 5 % by wei ght) was subjected to

ext rusi on 5wl di ngnistture of riloHIGkB4a and wakemefflomiwvatep3@eight] C by
means of an extrusion nolding 20 machi ne (manufactured and sol d by
Toshi ba Machi ne @gtio: 99/1) tand theahole aRlowed ntagstand| dtd sheet
havi ng a thi ckness of 150 [err]m _For effecjing a crosslinking
reaction, the obt’d n&d yRsler P IRAISYWES oF rZ2Qi%g Wi for 24 hours in a

sealed vessel so as to impregnate the sheet with the

mixture of flon HFCl34a and water (flon/water mixture

10 content in the resultant impregnated sheet: 6.5 % by
weight). Subsequently, the sheet was taken out from
the vessel and immediately heated at 180 °C (furnace
temperature : 210 °C) for 10 seconds, thereby foaming
the sheet to obtain a white foamed sheet having a

15 thickness of 270 pm (expansion ratio: 8 times). The
volume percentage of the closed cells contained in the
foamed sheet was 87 %, based on the entire volume of
foamed sheet [as measured by an air comparison pycnome-
ter (Model 930, manufactured and sold by Toshiba Beck-

20 man, Japan)]. .

The foamed sheet was placed in a non-aqueous
electrolyte solution obtained by dissolving lithium
tetrafluoroborate (LiBF,) in a mixed solvent of ethy-
lene carbonate (EC), propylene carbonate (PC) and 7-

25 butyrolactone( 7 -BL) (EC/PC/7-BL weight ratio = 1/1/2,



el ectron beans so that the irradi ati on dose becanme 10 25 M ads. Then,
the irradi ated sheet was subjected to

78 vacuum drying at 60 [err]C, while renoving HF gas generated
by the drying. ‘Subsequently, the sheet was further irradiated with
el ectron beans so that the irradiation dose becanme 15 Mads. The
sheet was then imersed in a 5 m xtur® of flon HFCl34a and wat er
(flon/water weight ratio: 99/1) and the mh?Ie gas allowed to stand
at 70 C Ie r 20 k 4 urs.ipa_ .
seal ed vessel soag{sad?'&q% regrf%{rgté)%%ms ‘eg‘{t %“vréjte}hi%%eezof’ and eﬂ?xﬁ)?ﬁe‘?ﬁ’

| npregnat ed sheef o 25 Hp 461100 il fus b impfOMFL Lo BRanga )
taken out from  snset viith Y58 Sork BRI el bERLAS G defdert] C

(furnace tenperature : 210 C) for 10 secon ere oaf ng

the sheet to obt ajﬂé&bwidtﬂ:éiﬁ‘ﬂ% Sl 1y i fithed ldheet 4 £kRgssi@f 270
pm (expansion ratio: 8 tines). e vol une percentage of the cl osed

cel I s contii ned polymeric electmdngte shertie witstiihdd BASEIE OPolfReenEi re

vol une of f oamed sheet [as neasured by an air conpari son pychone-
ter (Mbdel 930, edesftaolyrted hadl s dihddiyncisslohBRegkm. 20 man,
Japan)]. The foamed sheet was placed in a non-agueous

el ectrol yte sol uti on Fheaivedamey nergasitage) df ttheihiquid-phase domains

tetrafl uoroborate (LiBF4) in a m xed solvent of ethy-
~ of(the ﬂ&brid polymeric electrolytglwas 64.7 %. Spe-

cifically, in the first, second and third cross-sec-

10 tions of the sample, the percentages of the total area
of cross-sections of the 1iquia-phase domains were,
respectively, 65 %, 65 % and 64 %, based on the area of
each cross-section. In each of the first, second and
third cross—-sections of the sample, circular cross-

15 sections of liquid-phase domains, which were uniformly
dispersed in the continuocus solid-phase domain and each
had a size of from 5 to 15 pm in terms of the average
value of the long axis and short axis of each domain,
were observed. There was no liquid-phase domain commu-

20 nicating with the original surface of the hybrid poly-
meriq éléctrolyte.

The amount of the non-aqueous electrolyte solution
in the hybrid polymeric electrolyte was 85 % by weight,
as calculated from the weight difference between the

25 foamed sheet (before the impregnation of the non-



| ene carbonate (EC), propylene carbonate (PC) and [err]- 25

butyrol actone([err]-BL) (EC/ PC/[err]-BL weight ratio = 1/1/2,

79 and Li BF4 concentration: 1 nol/liter), and kept therein

for 2 hours at 100 [err]C so as to inpregnate the foaned sheet
wi th the non-aqueous el ectrolytic solution, t hereby obtaining a
swol | en foaned sheet as a hybrid 5 pé“&neric el ectrolyte. The
obt ai ned hybrid polyneric el ectrolyte had a thickness of 350 pm

The vol une perce f AU A -ngpsai h . d
pol ymeric el ect r%] tggu\%asetl%%.é%lo?/?t%pe- T E{Igil fif ceaI}R/]?mlgn éﬂ%‘ﬁ%@?{s‘%
second and thirdeqe@ts0igte. 10 tions of the sanple, the percentages of

the total area of cross-sections of the |iquid-phase donai ns were,
respectively, 65 % 6¥hémthebhy¥ripsRivierdiite sl biyte was s@fdot-
cross-section. In each of the first, second and third
Cross-sections okd e meEzswemntintc dfbwatels permdabilitsedy @method in

| i qui d- phase donai ns, which were uniformy di spersed in the

cont i nuouss sol i dwphieabe tihenmbivbradd pedgimeric electranlytesiwess ofifsomMm-to 15
pmin terns of the average val ue of the long axis and short axis
of each donmin, mersed inygthasiederfpad 4 heams s fiden gt deptes efao i n
comu- 20 nicating with the original surface of the hybrid poly-

neric el ectrol yt Bour, and then cuphdnfiggnhdisic hiayifsh-adlianater frdfyte

| ution
solutio mm; the obtained disc was held by a membrane holder

having an effective area of 3.5 cmz; and a static water

10 pressure of 1 atm at 26 °C was applied to the disc held
by the membrane holder, it was found that the disc had
no water permeability.

When the hybrid polymeric electrolyte was subject-
ed to measurement of a glass transition temperature by

15 differential thermal analysis, it was found that it had
a glass transition temperature of -102 °C. Since it
had previously been found that the foamed sheet (before
the impregnation of the electrolyte solution ) had a
glass transition temperature of -51 °C, it was con-

20 firmed that the continuous solid polymer matrix of the
hybrid polymeric electrolyte was impregnated with the
electrolytic solution.

When the oxidation-reduction stability of the
hybrid polymeric electrolyte was evaluated by cyclic

25 voltammetry over a sweep potential range of from O to 5



in the hybrid polyneric electrolyte was 85 % by wei ght, as

cal cul ated fromthe weight difference between the 25 f oamed sheet
(before the inpregnation of the non-

80 * aqueous electrolyte solution) and the hybrid pol yneric

el ectrol yte. When the hybrid pglymeric electrolyte was

subj ect - ed to neasurenent of water perneability by a nmethod in 5
whi ch the hybrid polyneric electrolyte was first im mersed in

ethanol for 4 howr Slv@“i.nl/lﬁ.”')' n eteds fﬂfuri’d that no ¥repdienggalt+bnto
a disc having a di aneter of t he obtained disc was held by a

rrenbr ane hol der ox1dat1diﬁ\dﬂ@‘e'ﬂhcﬁ5ifcﬁﬂtwa§3 diRrvdd edos ) fGHla arsd@é s C
water 10 pressure of 1 atmat 26 [err]C was applied to the disc held

by the menbrane hdlote currdentaobsmmed hiai tHee phisentiall range ofiole@éer
perneability. When the hybrid polyneric electrolyte was

subj ect - thant @ .edsudavdmatuing Yias sthe dngitid polmerse vekedy 15
differential thermal analysis, it was found that it had a gl ass
transitiorb t enpef@odydefls gj.;eq@qqr@mlgaq‘lclg igtable ovemnathereetentigl been
found that the foanmed sheet (before the inpregnation of the

el ectrol yte sol uEFPe9® afadfzem 0-5 to i 3&s transition tenperature of -51

of the " hybri PSRRI SR AR TE T FANEE TS (R Reero
electrolytic SO'H&%%Psheet, having a size of 1 cm x 1 cm, was sand-
wiched between two stainless steel sheets each having a
10 thickness of 10 pym, a length of 60 mm and a width of
6 mm, thereby obtaining a laminate structure. The
sandwiched hybrid polymeric electrolyte sheet was
subjected to measurement of an alternating-current
impedance, using the above two stainless steel sheets
15 as electrodes. (The alternating-current impedance was
measured by means of impedance measurement apparatus
Model 398 manufactured and sold by Seiko EG&G, Japan;
measurement frequency : 100 kHz - 1 Hz.) The ionic
conductivity value was calculated from the real part of
20 the complex impedance expressed in the form of a Nyqu-
ist plot. As a result, it was found that the ionic

conductivity was 2.8 x 10~3 S/cm.

Example 2

25 A hexafluoropropylene/vinylidene fluoride copolym-



When the oxidation-reduction stability of the hybrid pol yneric
el ectrolyte was evaluated by cyclic 25 vol tanmetry over a sweep
potential range of fromO to 5

81 * V (vs Li/Lif[err]), it was found that no current peak due to
oxidation or reduction was observed except {or a reduc- tion
current observed in the potential range of Tess than 0.5V,

i ndicating that the hybrid polyneric el ec- 5 trolyte is

el ectrochem cal | y,5ta0l 1§ Mdxd MRuPVFHBpRlene contentanges Obyf aIyALY to 5
Vv A sanpl e of the obtained hybrid polyneric electro-

lyte sheet, havi Rghed siiFRedfed ¥dNextredionaio in substaMt£ielybehueen
two stainless steel sheets each having a 10 thi ckness of 10 [err]m a

|l ength of 60 MM aahed Midrdidr Gis in ExampXe ) thersby obtaining a meldsate
structure. The sandwi ched hybrid polyneric el ectrolyte sheet was
subj ected t 0o neasivesmtettavingra athickedsnpEL B0 gm. The obtaimedamotded
usi ng the above two stainless steel sheets 15 as el ectrodes. (The

al t er nat i fg- cur r eestheariceragicated with mbackeen hyeamanso othatpbbance
measur ement apparatus_ . Model 398 manufactured and sold by Seiko
EXRG Japan; irradigshare foge fhecpra il Maads kH The 1shpet was thanc
conductivity value was cal culated fromthe real pa t he conpl ex

i npedance expreséﬂ?QF§Q§;}qcﬁrﬂ%ﬁt%F?WRﬁkf on H c{éégf%?%gwaﬁﬁraiPeéult,
't was found that, dNe i U} Substanti S S idnle Wsnda? &s T0hEEin1S
so as to impregnate the sheet with the mixture of flon
10 HFCl1l34a and water (floﬂ/water mixfure content in the
resultant impregnated sheet: 5 % by weight). Subse-
guently, the sheet was taken out from the vessel and
immediately heated at 180 °C (furnace temperature:
210 °C) for 5 seconds, thereby foaming the sheet to
15 obtain a white foamed sheet having a thickness of 72 um
(expansion ratio: 3 times). The volume percentage of
the closed cells contained in the foamed sheet was
68 %, based on the entire volume of foamed sheet [as
measured by an air comparison pycnometer (Model 930,
20 manufactured and sold by Toshiba Beckman, Japan)].

The foamed sheet was placed in a non-aqueous
electrolytic solution obtained by dissolving lithium
tetrafluoroborate (LiBF,;) in a mixed solvent of ethy-
lene carbonate (EC), propylene carbonate (PC) and 7-

25 butyrolactone (7-BL) (EC/PC/7-BL weight ratio =



Example 2 25 A hexaf | uor opropyl ene/ vi nyl i dene fl uori de copol ym

82 er resin (hexafl uoropropylene content: 5 % by wei ght)

was subjected to extrusion nmolding in substantially the same
manner as in Exanple 1, thereby obtaining a nol ded sheet having a
t hi ckness of 50 [err]m The obtained noldggy 5 sheet was irradiated
with electron beans so that the I rradi ati on dose becane 10 M ads.
The sheet was then imersed in a mxture of flon HFCl34a and water
ina _ vegsal 2 n a?i&)%ﬁ”ﬁdf adncdierS8IBh BN NG 1 ABL tér FX 28R Skdpt

so as to inpregnate the sheet with the m xture of flon 10 HFC134a and

wat er (flon/wat erhépeil EOrE Hurtd) 4616100 °C so d€Std t DibrégRatgnehed

sheet: 5 % by weight). Subse- guently, the sheet was taken out
fromthe vessel #Hutmed sheet iwinglitdie nomaniiesbwnd dBectreolyEidcfsobace

t enper at ur e: 210 [err]C) for 5 seconds, thereby foam ng the sheet
to 15 obt ai rtismhitthereyrabtshigeindg aviswpllemi Hdansd sfiedl fsra]m
(expansion ratio: 3 tinmes). The vol une percentage of t he cl osed
cel |'s conti ned hvhrid sdimeniealagigrolyte. Tigg ohtaired hybri@ entire
vol unme of foanmed sheet [as measured by an air conparison
pycnonet er ( ModelPodameris electrahyta thadf dhidmess e B Beckman
Yapam]. A Dl RS SSSL VRS PSS S8 590 Y ° Bt nea

from the hybrid polymeric electrolyte sheet in substan-
tially the same manner as in Example 1, and each of the

10 first, second and third cross-sections of the sample
was examined. As a result, in the first, second and
third cross-sections of the sample, circular cross-
sections of liquid-phase domains, which were uniformly
dispersed in the continuous solid-phase domain and each

15 had a size of from 3 to 12 pm in terms of the average
value of the long axis and short axis of each domain,
were observed. In the first, second and third cross-
sections of the sample, the percentages of the total
cross—-sectional areas of the liquid-phase domains were,

20 respectively, 54 %, 48 % and 53 %, based on the area of
each cross-section of the sample. From these results,
it was found that the volume percentage of the liquid-
phase domains.in the hybrid polymeric electrolyte was
51.7 %. It was also found that any of the first,

25 second and third cross-sections of the sample showed no



el ectrolytic solution obtained by dissolving lithium

tetrafl uoroborate (LiBF4) in a m xed sol vent of ethy- | ene
carbonate (EC), propylene carbonate (PC) and [err]- 25 but yr ol act one
( [err] -BL) (EC/PC/[err] -BL weight ratio =

83 1/1/2, and LiBF4 concentratiorg,1 mol/liter), and kept
therein for 3 hours at 100 [err]C so as to I npregnate the f oanmed
sheet with the non-aqueous el ectrolytic sol u- tion, thereby

obtaining a swol |1$.3]Ji‘@fﬂ?gasséged’c§m@§) Gcommunicat¥iy i 89! YHETb£1§1 851 1Ol 36'[ e.

The obt ai ned hybri olymeric electrolyte had a thickness of 12

pm SArRgd o f athOhfdet N9 cross-sections was obtai ned
fromthe hybrid polyneric electrolyte sheet in substan- tially the

sanme manner as in Examies amoutilfl eRcthofndieaqudbus elédtiol $E6 0861 @bdon
third cross-sections of the sanple was exam ned. As a result, in
the first, secondmarthe hybrid tgolyherios ebksctralytefwade74 admbe, weight) ar
Cross- sections of |iquid-phase donains, which were uniformy

di spersed %n t he asomalmuatesd|frbmphdse wght dbiifeceice Betweehatha si ze
of from3 to 12 pmin terns of the average value of the long axis
and short axis offosmed @hagth (before the rimpgrgnateipn |of tHee fiest, second
and third cross- sections of the sanple, the percentages of the

t ot al cr BRIEQUS Shegtralyzke FolHelan AR pHhe RS nRolereric 20

respectively, 54 % 48 Oﬁ nd 53 % based on the area of each
cross-section of et%‘éﬁ:g: at(f‘ Fromthese results,

The hybrid polymeric electrolyte was subjected to

10 measurement of water permeability in the same manner as
in Example 1. As a result, it was found that the

hybrid polymeric electrolyte had no water permeability.

The oxidation-reduction stability of the hybrid
polymeric electrolyte was evaluated in the same manner

15 as in Example 1. As a result, it was found that no
current peak due to oxidation or reduction was observed
in a potential range of from 0.7 to 5 V, indicating
that the hybrid polymeric electrolyte is electrochemi-
cally stable over the potential range of from 0.7 to 5§

20 V.

A sample of the obtained hybrid polymeric electro-
lyte sheet, having a size of 1 cm x 1 cm, was sand-
wiched between two stainless steel sheets, thereby
obtaining a laminate structure. 1In the same manner as

25 in Example 1, the sandwiched hybrid polymeric electro-



it was found that the vol une percentage of the |iquid- phase
domains in the hybrid polyneric electrolyte was 51.7 % It was al so
found that any of the first, 25 second and third cross-sections of the
sanpl e shoiwed no 84

| i qui d- phase domai n comunicating with the I gi nal surface of the
sheet . The anopunt of the non-aqueous el ectrolyte sol ution

in the hybrid polyneric electrolyte was 74 % by wei ght, 5 as

\ . . ¢
cal cul ated from HRg ey didd @SOS V‘@c’?rlnégﬁuremera: of foi‘”gﬂtégﬁqﬁ%ron)

(before the inpregnation of the non- aqueous ectrolyte s

and the hybrid pangm®Riirrent imped&S! AP two stainless dB€eYPRéEEts
polynmeric electrolyte was subjected to 10 measur enent of water

perneability in (e el raigEey ahe ionic ddhductiy et vdbud w&SUbalcut
was found that the hybrid pol yneric electrolyte had no water
perneability. lated from Tthe weahtpart refltdie coompbdx | impyeddndde hybrid
polynmeric electrolyte was evaluated in the sane manner 15 as in
Exanple 1.5 As aezpndssed timdshe oiown tdfata Nyquist plaun r ehs aeadsullie, t o
oxi dation or reduction was observed in a potential range of frg@p
0.7 to 5V, indiddtwaf found thafyitheclands iePpbighirity oraetd of yxel®s

el ectrochem - cally stable over the potential range of fromO0.7 to
5 20 V. S/cm.

The above laminate structure comprised of the
hybrid polymeric electrolyte sheet sandwiched between
io stainless steel sheets was further sandwiched between
two alumina plates each having a thermocouple embedded
therein, and the resultant structure was héld in a
hydraulic press having heafer means. Then, the hybrid
polymeric electrolyte was subjected to measurement of
15 an alternating-current impedance while gradually ele-
vating the temperature of the laminate structure with
the heater means from room temperature to 220 °C, and a
change in the alternating-current impedance in ‘accor-
dance with the temperature elevation was measured. The
20 alternating-current impedance was measured by means of
LCR meter (manufactured and sold by Hioki Ltd., Japan;
measurement frequency: 1 kHz). As a result, a smooth
change in the alternating-current impedance was ob-
served over the temperature range of from room tempera-

25 ture to 220 °C.



A sanpl e of the obtained hybrid polyneric el ectro- | yt e sheet,
having a size of 1 cmx 1 cm was sand- w ched between two

stainl ess steel sheets, thereby obtaining a |lam nate structure. In
t he sanme manner* as 25 in Exanple 1, the sandw ched hybrid polyneric

el ectro- 86 85 | yt e sheet
was subjected to neasurenent of an alternat- I ng- current

i npedance, using two stainless steel sheets as el ectrodes. The

ionic conductivity valpgecaBstkél £bove measurehéh€lof’EH2t BRahga! iRakheOf
t he conpl ex i npedance 5 expressed in the formof a Nyquist plot. As

a result, altdrv@si nguiiicidet iffedants Seafluthe viéypeRatdr8 X
10[ err] S/cm The above | am nate structure conprised

of the hyeniged qub | mowen | tempecd tuhe t€o S22t ° G anthe cAtdmbaawptatedO
stai nl ess steel sheets was further sandw ched between two al um na
pl at es each havi rapd steimoess pbeeehbshieets were removed efnomatbet hgbrid
resultant structure was held in a hydraul i ¢ press havi ng heater
means. Theh, the BRdgmeric electrobyierwshect] cand othe chybsidubpirredico
measur enent of 15 an alternating-current inpedance while gradually

el e- vat iHPIHRCLED FRRYT VF ¥R nat RS s r IR B, whphdis-

t he heater neans fromroomt rature to, 220 Jerr]C, and a change

in the alternati r@%ﬁﬁ%rﬂ@iﬁ%m“?@%gic e ectrfaﬂm% freRtt Kes

tenperature el evaty su eéi. The,, 20 al ternating-curren

i medance was neg%%%%: 3 mihﬁg%)ore, it ‘was founé éhaé Qge Hyﬁrla
polymeric electrolyte sheet does not suffer heat dis-

-10 tortion at a temperature of at least 220 °C or less,

indicating that it has excellent heat resistance.

Example 3

Powder of lithium cobalt oxide (LiCoO,; average
15 particle diameter: 10 um), carbon black and poly(viny-
lidene fluoride) as a binder were mixed in a 5% by
weight solution of poly(vinylidene fluoride) in N~
methylpyrrolidone (NMP), so that the weight percentages
of LiCoO,, carbon black and poly(vinylidene fluoride)
20 (dry weight) became 85 %, 8 % and 7 %, respectively,
based on the total weight of thé LiCo0,, carbon black
and poly(vinylidene fluoride). The resultant mixture
was applied onto an aluminum sheet and allowed to dry,
thereby obtaining a coating having a thickness of

25 115 ym on the aluminum sheet (as a positive electrode).



LCR neter (manufactured and sold by Hi oki Ltd., Japan; measur enment
frequency: 1 kHz). As a result, a snooth change in the

al ternating-current inpedance was ob- served over the tenperature
range of fromroomtenpera- 25 ture to 220 [err]C

86 After the above neasurenegs of the change in the

al ternating-current inpedance over the tenperature range of room
tenperature to 220 [err]C, the alum na plates and stainl ess stee

sheet's vere removed frasdde 9y hédileScoke POEYMREVEng! 86! sob¥bgesheet
and the hybrid polyneric el ectrol yte sheet waS exam ned” As a

result, no dis- particlet@idhefesiofhe2 hmbw:dspﬁbﬁ@@éhéoﬁéﬁf}t nokulewspaet
was observed. Therefore, it was found that the hybrid

pol yneric el ectrad yi® Iheetigivessobitiohfef pehy(dinylidéne flherisen ah a
tenperature of at |east 220[err]C or |ess, I ndicating that it has
excel | ent heat re¥iBt arivereby obtainingxanplerfy (NC/polymer dPpwieight

| ithium cobalt oxide (L|CbC2 average 15 particle dianeter: 10 pm,
carbon bl a&k and %39\ r§2 : 8). The|ckbrinedoslderyavas appidedwento

m xed in a 5% by melght sol ution of on(V|g%I|dene fluoride) in

N- met hy? p‘iﬁ'H’Rﬁ-‘F RRRET Np)d O%FP’E Hatade cnoEhed: apdrabheugdsto

of Li CoQ2, carbon blac Vj I|dene fl uoride 20 (dry wei ght)
became 85 % 8 % &égp%%é a coating having a thickness of

‘ 125 ym on the copper sheet (as a negative electrode).
The hybrid polymeric electrolyte sheet prepared in

10 Example 2 was sandwiched between the coated sides of
the above-prepared NC negative electrode and LiCoO,
positive electrode so that the non-coated sides of the
current collectors of the positive and negative elec-
trodes were exposed, and the hybrid polymeric electro-

15 lyte sheet and the electrodes were pressed against each
other at 120 °C, thereby obtaining a laminate struc-
ture. Stainless steel sheets (as electric terminals
for taking a current) were brought into contact with
the respective current collectors of the positive and

20 negative electrodes of the laminate structure, and the
laminate structure was further laminated with a poly-
ethylene/aluminum/polyethylene terephthalate laminate
sheet having a thickness of 50 pm, thereby obtaining a
sheet-shaped battery.

25 The electric terminals of the battery were con-



based on the total weight of the Li CoO2, carbon bl ack and

pol y(vinylidene fluoride). The resultant m xture was applied onto
an al um num sheet and all owed to dry, t her eby obtaining a coating
havi ng a thickness of 25 115 pmon the al um num sheet (as a positive
el ectrode). 88 87

Powder of needl e coke (NC) having an average particle dianmeter of
12 pm was honogeneously nmixed with a 5% by wei ght sol ution of

pol y(vinylidene flditddledo id charge/diMaré@%é@t‘iﬂ&t&é@ic@g ?M?!iélﬁ.r Y-
5 ratio = 92 :78).

(NC/ pol ynmer dry wei ght The  obt ai ned slurry was

appl i ed onto 101SM 2 waiPedctieed &addg&i&rbplﬁ@ﬁuﬂatb@ﬂkanéo%be&ed to

dry, thereby obtaining a coating having a thicknhess of 5 pmon

the copper sheet Hiash,a J@ged) vearsd eetié Msledtery was subjectd@etbybrid

pol yneric el ectrolyte sheet prepared in 10 Exampl e 2 was sandw ched
bet ween t he coat ethastglelidcharge cycldetadaimg pitparedriéhbegehsyey per

el ectrode and Li CoQ2 positive el ectrode so that the non-coated

si des of the surfageraren oblthetelecufodées @bsl tmAécmfid nEhat chierghec-
trodes were exposed, and the hybrid polyneric electro- 15 | yt e sheet
and the el ect r oddNIIRETH QR Py FoRIUGERd, at a constambrpatenpbalepf] C,
t her eby obt ai ni ng ??al am nate struc- ture. Stainless steel sheets

(as electric termufale After the chaxging rreratien. weke Bebemkialnt o

n with he .r i v rrent,  collectors of the positive and
contact t betweetn %he Sé).l.eeccttrc()adé:r:l,J was t4.2Q V. The discharging

operation was conducted at a constant current, and

10 discontinued when the electric potential was decreased
to 2.7 V. As a result of the charge/discharge testing,
it was found that the discharge/charge efficiency
(ratio) of the first cycle was 80 %, and that the
discharge capacity of the first discharge was 212 mAh/g

15 of the carbon in the negative electrode. It was also
found that, with respect to the cycles after the first
cycle, the discharge/charge efficiency (ratio) was 98 %
or more, and that in the discharge capacity of the 10th
cycle was 195 mAh/g of the carbon in the negative

20 electrode. These results show that this battery is
capable of being repeatedly charged and discharged and

hence operable as a secondary battery.

Comparative Example 1

25 10 g of pellets of a hexafluoropropylene/vinyli-



20 negative electrodes of the |am nate structure, and the

| am nate structure was further lamnated with a poly-

et hyl ene/ al um nuni pol yet hyl ene terephthal ate | am nate sheet havi ng
a thickness of 50 [err]m thereby obtaining a sheet - shaped
battery. 25 The electric term naé& of the battery were con-

88 nected to a charge/di scharge testing device (Mde

101SM nmanuf actured and sold by Hokuto Denko Corpora- tion,

Japan), and the Raidersh wasi fdlFSBAndP resin (heﬁmwédé]f {gReCycl €
testing at a current density per surface area of the ‘el ectrodes of

1 mVenferr]. Thoreitr 5 % by weidltt PRSFeid ey Was RIS ell, al0oag of
constant potential of 4.2 V. After the charging operation, the

pot enti al acdimingeand 80 ¢ axff reddesnvagudows \eldderolgthar gobgtion
operation was conducted at a constant current, and 10 di sconti nued
when the el ectri olgutisred dy whisstelorigas diliBF, in a mixéd /sdlvéstaofesul t of
t he charge/ di scharge testing, it was found that the

di schar ge/ 2har ge edftfilsinshgyarbonate (EGht inyorylens ¢arbonaye| EPOAsaBd %
and that the di scharge capacity of the first discharge was 212
mih/ g 15 of ¥ NRUERFBLACTANEH ”heB’égi VEQSREA ¥ oBE. weighhsratie =

found that, with _respect to the cycles after the first _. cycle, the
di schar ge/ char ge le/faf/{q"vl and, [iBR4 gonprnigption: 1 molglitey ) werg ph%edn

gg?bginsfga,[ %2 ﬁg&gﬁ%ecg, tg]o%.l]bowtrer}i by heatir(x:gy Calrt(:3 é’@ S°C} Qéogﬁg /}gogzt'sf he
thereby obtaining a homogeneous solution. The obtained

10 homogeneous solution was applied onto a glass plate in
an atmosphere of argon gas and acetone was allowed to
evaporate, thereby obtaining a hybrid polymeric elec-
trolyte sheet on the glass plate.

The hybrid polymeric electrolyte sheet was removed

15 from the glass plate and a sample for observing cross-
sections was prepared from the removed hybrid polymeric
electrolyte sheet in substantially the same manner as
in Example 1, and each of the first, second and third
cross-sections of the sample was examined. As a re-

20 sult, it was found that each of the first, second and
third cross-sections had a solid-phase domain only and
no liquid-phase domain having a size of 1 pm or more,
that is, the volume percentage of the liquid-phase
domains in the hybrid polymeric electrolyte was 0 %.

25 A sample of the obtained hybrid polymeric electro-



20 el ectrode. These results show that this battery is capabl e

of being repeatedly charged and di scharged and hence operable as a
secondary battery. Conparative Exanple 1 25 10 g of
pel l ets of*a hexafl uoropropyl ene/vinyli-

89 dene fluoride copol yner resiné&Eexafluoropropylene

content: 5 % by  wei ght) prepared in Exanpl 40 g of acet one and
30 g of a non-aqueous electrolytic sol ution obt ai ned by di ssol ving

Li BF4 i I xed t v r t (@) r ene
c:ar bon:';ttnea( gci(ea l?)é V@HeeCH [h /J]ngo ?eygr]% eg(r:]%one (Ql?Fgrf]énE “53&({%@0 [ e; r]
-BL ht t I ter
wer eWrenI >g<’ed et Owich[eéigebteﬁ:ewre]ér%(ﬁ o%e%%l%eatl ng at 60 fg]er r‘fhé%)éolé}G hour s,

thereby obtai ni NGrhREE R AiTRtE i HrudhisrdObt aidethe ldhme midXHDPERNEOUS
solution was applied onto a glass plate in an at nosphere of argon

gas and acetone \4as EaldmpiRd 1,0 the sandwiRDierid RsBhYeeid b Tddere-
hybri d pol yneric el ec- trolyte sheet on the glass plate.

The hybri @ pol yndyite aheettr slad esulijpeiteshsto avgamdrenidnt of famnalterghtss
pl ate and a sanple for observing cross- sections was prepared from
the removed hybrilsgreiymmentc impedances| amting ytwo s$tewiniess ubstahtskéeyst he
same nanner as in Exanple 1, and each of the first, second and
third as electrodes. The ionic conductivity was calculated
from the real part of the complex impedance expressed
in the form of a Nyquist plot. As a result, it was
10 found that the ionic conductivity was 0.9 x 10~3 Srcm.
The above laminate structure comprised of the
hybrid polymeric electrolyte sheet sandwiched between
stainless sheets was further sandwiched between two
alumina plates each having a thermocouple embedded
15 therein, and the resultant structure was held in a
hydraulic press having heater means. Then, the hybrid
polymeric electrolyte was subjected to measurement of
an alternating-current impedance.while gradually ele-
vating the temperature of the laminate structure with
20 the heater means from room temperature to 110 °C, and a
change in the alternating-current impedance in accor-
dance with the temperature elevation was measured. The
alternating-current impedance was measured by means of

LCR meter (manufactured and sold by Hioki Ltd., Japan;

25 measurement frequency: 1 kHz). As a result, a smooth



cross-sections of the sanple was examned. As a re- 20 sult, it was
found that each of the first, second and third cross-sections had a
sol i d- phase dormai n only and no |iqui d- phase domai n having a size of
1 pmor note, ° that is, the volune percentage of the |iquid-phase
domains in the hybrid polynerlc electrolytggmas 0 % 25 A sanpl e
of the obtained hybrid polyneric electro-

90 | yte sheet, having a size of 1 cmx 1 cm was sand-

wi ched between t \hasigei ﬁrﬂ&ﬂlétaﬂ.ﬂiex&iﬁﬁhfg ey impedance GRigi dHNY A
| am nate structure. In the same manner as in Exanple 1, the

sandw ched hybri depsledmver afife tfeiiperdture rtatige SR efr MR ScSoild] EShsr-d -0
measur enent of an alternat- i ng-current inpedance, using two

stai nl ess steel dweet $o 110 °C, adidleedtr dites.teliperanime cofidild i v | ya was
cal cul at ed fromthe real part of the conpl ex inpedance expressed
in the form of admﬁﬁﬁiﬂzQ§QﬂeaSQ;Qflnﬁﬁﬂstaﬂqe\mns:nbservéduuuhtrmnethe
ionic conductivity was 0.9 x 10[err] S/cm The above | anmi nate
structure Tonpri §é‘é}‘eoftit“ﬁe leakage |gfHmal tsat \Frhstangedgorgan et

sandw ched betwee stai nl ess sheets was further sandw ched between

o 2l un@ﬁ'&cﬁlé{d&s ach AR PR oA e @ e
t herein, and the res nt ur mas hel draul i ress
ravi . heator moRTGOLTRER® THE AR docreeit Jhrraat eraric o il
L e e e L R B
Wi th electrolyte sheet resulting from melt distortion of the
10 hybrid polymeric electrolyte sheet. -
After the above measurement of the change in the
alternating~-current impedance over the temperature
range of.room témperature to 110 °C, the alumina plates
and stainless steel sheets were removed from the hybrid
15 polymeric electrolyte sheet, and the hybrid polymeric
electrolyte sheet was examined. As a result, a melt
flow of the hybrid polymeric electrolyte sheet was
observed. Therefore, it was found that the hybrid
polymeric electrolyte sheet has poor heat resistance.
20 |
Example 4
A hexafluoropropylene/vinylidene fluoride copolym-
er resin (hexafluoropropylene content: 5 % by weight)
was subjected to extrusion molding in substantially the

25 same manner as in Example 1, thereby obtaining a molded



20 the heater neans fromroomtenperature to 110 [err]C, and a

change in the alternating-current inpedance in accor- dance with
the tenperature el evati on was neasured. The al ternating-current

| npedance was neasured by neans of LCR neter (manufactured and sold
by Hi oki Ltd., Japan; 25 measur enent fgfquency: 1 kHz). As a result,
a snooth 91 change in

the alternating-current inpedance was ob- served over the

tenperature ranggrdet HAPMRPY LW RGfsss of 50 iU epld s xgé(i]rﬁbla@él e

at the tenperature of 110 [err]C, a drastic decrease resi stance

was observed. At ghiRt was irrsiRtddReideaagec:ain Mudmd sebetapcendet ween
t wo el ectrodes was al so observed. Therefore, it is under-

stood that the drhiaxtadiateereaRsed bt t1NMradis. dUfhe sheet wd® tHén

t hi ckness decrease of the hybrid polyneric el ectrol yte sheet

resul ting from nemnetisstdoriin @ mifxthire o) flon IHECIIMpanderatee! £etaol yte
sheet . After the above nmeasurenent of the change in the

al t er nat i fg- cur r ¥essedpddnmbshasvtitaid yt difperssmg gnanner as imngpamble obm
tenperature to 110 [err]C,_the alum na plates and stai nl ess steel
sheets were renp®d 3 3@ tipaegnate the sheqlp Wik | the vt twie tef sfiken |
and the hybrid poE¥HE{ic el ectrol yte sheet was exam ned. As a
result, a nelt H 4a @ng warterh d ShAN/wR YR PHsrTure cnteny i skt was

observed. TherEf%%%ufééﬁ¥m3£§¥£3%éﬁé éﬁg%épﬂgléjby weight) in a ves-

sel. Subsequently, the sheet was taken out from the

10 vessel and immediately heated at 180 °C (furnace tem-
perature: 210 °C) for 5 seconds, thereby foaming the
sheet to obtain a white foamed sheet having a thickness
of 72 pm (expansion ratio: 3 times). The volume per-
centage of the closed cells contained in the foamed

15 sheet was 68 %, based on the entire volume of foamed
sheet {as measured by an air comparison pycnometer
(Model 930, manufactured and sold by Toshiba Beckman,
Japan)]. Subsequently, the sheet was further irradiat-
ed with electron beams so that the irradiation dose

20 became 15 Mrads. The sheet was then immersed in NMP in
a vessel and the whole was heated at 90 °C for 3 hours.
The heated sheet was examined with respect to the melt
property, and it was found that the sheet was not
distorted. Subsequently, the sheet was taken out from

25 the vessel and washed with acetone, thereby obtaining a



pol ynmeric el ectrolyte sheet has poor heat resistance. 20 Exanpl e
4 A hexaf |l uor opropyl ene/ vi nyl i dene fl uoride copolym

er resin (hexafl uoropropylene content: 5 * by weight) was subj ected
to extrusion nolding in substantially the 25 sanme nmanner as in Exanple
1, thereby obtaining a nol ded 9 92
sheet having a thickness of 50 [err]m The "obtai ned nol ded sheet
was irradiated with el ectron beans so that the i rradiati on dose

became 10 M ads. dm@ds@@@eﬁﬂasm'welgm of tHETR{SRA idhdetlivdd! e f1 on
HFC134a and water in a vessel 1 n substantially the same manner as

in Exanple 1 ured, &@ldagztdm HHY @it (¥ heeiridd hsHdwer motidire of
flon HFC134a and wat er (flon/water m xture content in the

resul tant i npregweatiethts peticeniadgehvivdilghicrodgslankesl polymer se&dthent
Subsequently, the sheet was taken out fromthe 10 vessel and

i medi at el y heat sthigh ¥@& [edfifigced byndograddmtion of begms atas eob210
[err]C) for 5 seconds, thereby foam ng the sheet to obtain a white
f oanmed shéet havﬁ:ﬁgn@dt hi Jhgeseight percegrtage mf (hearasalinked: 3
tinmes). The vol une per- centage of the closed cells contained in
the foaned 15 POolymes spgdesd siash on the entire volune of foaned

sheet [as neasured by _an alr conpari son p cnoneter (Model 930,
manuf act ured and sol d g‘P @jﬁﬁ?dy a non-pgueous edACIRRIERS

- the sheet was furt utf&ﬂwg Egined by dissolving lithium tetrafluorobo-

rate (LiBF4) in a mixed solvent of ethylene carbonate

10 (EC), propylene carbonate (PC) and 7-butyrolactone
(r-BL) (EC/PC/7-BL weight ratio = 1/1/2, and LiBFy
concentration: 1.5 mol/liter), and kept therein for 2
hours at 100 °C so as to impregnate the foamed sheet
with the non-aqueous electrolytic solution, thereby

15 obtaining a swollen foamed sheet as a hybrid polymeric
electrolyte. The obtained hybrid polymeric electrolyte
had a thickness of 105 um.

A sample for observing cross-sections was obtained

from the hybrid polymeric electrolyte sheet in substan-

20 tially the same manner as in Example 1, and each of the
first, second and third cross-sections of the sample
was examined. As a result, in the first, second and
third cross-sections of the sample, circular cross-
sections of liquid-phase domains, which were uniformly

25 dispersed in the continuous solid-phase domain and each



ed with electron beans so that the irradiati on dose 20 becane 15
Mads. The sheet was then imersed in NWP in a vessel and the
whol e was heated at 90 [err]C for 3 hours. The heated sheet was
exam ned wth respect to the nelt property, and it was found that
t he sheet was not di storted. Subs ently, the sheet was taken out
from 25 the vessel and washed with acetone, thereby obtaining a

93 dried sheet. The weight of the dried sheet was neas-

ured, and from thgavg izdlod Na-dlf I2AShEPlum e terms of ﬂﬁé%er?ge
percentage of the crosslinked polynmer segnent whi ch was effected

by irradiation ofydieofMahedkong axis drdd NEbrt i b Hhdadier s6nphage of
t he crosslinked pol ymer segnent was 55% The sheet

was placed in a Rreradi@ived.ectimigtd first, secatd WndNERDEQRI AESsHY

di ssolving lithiumtetrafl uorobo- rate (LiBF4) in a m xed sol vent

of ethyl ene carbeesttelonk) of theE@ampptepyties pexrdmtages (FX) thadtotal

[err]-butyrol act one ([err]-BL) (EC/PC/[err]-BL weight ratio =

1/ 1/ 2, andb Li BF4 cross-sectimmsdntarads et 1the nbiquid-ehasentbiains twerej n

for 2 hours at 100 [err]C so as to ig&;e nate the foaned sheet

with the non- aquésFPestitdMaladr.yiil Hol4f iHrand e%y baspd on gHhearery af
swol | en foamed sheet as a hybrid pol ymeric el ectrolyte. The

obt ai ned hybri d ﬁa%ﬁq,ssél%&‘#&?ryt the sampifyy FIM CKIRER BHPsubss,

Lerrlm it was found that the volume percentage of the liquid-
phase domains in the hybrid polymeric electrolyte was

10 48 %. It was also found that any of the first, second
and third cross-sections of the sample showed no liqg-
uid-phase domain communicating with the original sur-
face of the sheet.

The amount of the non-aqueous electrolyte solution

15 in the hybrid polymeric electrolyte was 76 % by weight,
as calculated from the weight difference between the
foamed sheet (before the impregnation of the non-
aqueous electrolyte solution) and the hybrid polymeric
electrolyte.

20 A sample of the obtained hybrid polymeric electro-
lyte sheet, having a size of 1 cm x 1 cm, was sand-
wiched between two stainless steel sheets, thereby
obtaining a laminate structure. 1In the same manner as

in Example 1, the sandwiched hybrid polymeric electro-

25 lyte sheet was subjected to measurement of an alternat-



A sanpl e for observing cross-sections was obtained fromthe hybrid

polyneric electrolyte sheet in substan- 20 tially the same manner as
in Exanple 1, and each of the first, second and third
cross-sectfons of the sanple was exam ned. As a result, in the
first, second and third cross-sectjons of the sanple, circular
Cross- sections of |iquid-phase dofrains, which were uniformy 25
di spersed in the continuous solid-phase domai n and each ]

94 had | 2 [ | n t r

val e of the ond cherd iiidedghd, (LI i L flsl "SeBdE BSors

observed. In thegglgﬂecg¥ga§?ieu¥h§fgééégrgéﬁauctivit¥ié éQQ§30£a¥Q§Ee

sanpl e, the percentages of the tota cross-sectional areas o

l'i qui d-phase donaidiedVefzfom the real §5PEEtd¥ele SdmPle#Sinpaddnde % based
on the area of each cross-section of the sanple. Fromthese

resul ts, dipsdduind th@trdhe oolaneypeisensege. ofashe téauid:
phase domains in the hybrid polynmeric electrolyte was 10 48 % It was

al so found t hat drty wafs tfuaurdd ritiat Seleentbnic condwdsehvity dvss 03 S2 S€C1TRS
of the sanple showed no liqQ- ui d- phase domain comunicating with
the original surS/cm. face of the sheet. The anmount of the
non- aqueous el ectrolyte solution 15 in the hybrid polyneric

el ectrol yte was 76 % [Bhevakpiwe laminate sstrugoureteenprised hef vkheht

di fference between _the foanmed sheet (before the_ inpregnation.of the
non- hybrid polymeric electrolyte sheet sandwiched between

stainless sheets was further sandwiched between two

10 alumina plates each having a thermocouple embedded
therein, and the resultant structure was held in a
hydraulic press having heater means. Then, the hybrid
polymeric electrolyte was subjected to measurement of
an alternating-current impedance while gradually ele-

15 vating the temperature of the laminate structure with
the heater means from room temperature to 220 °C, and a
change in the alternating-current impedance in accor-
dance with the temperature elevation was measured. The
alternating-current impedance was measured by means of

20 LCR meter (manufactured and sold by Hioki Ltd., Japan;
measurement frequency: 1 kHz). As a result, a smooth
change in the alternating-current impedance was ob-
served over the temperature range of from room tempera-
ture to 220 °C.

25 After the above measurement of the change in the



aqueous el ectrolyte solution) and the hybrid pol yneric el ectrol yte.
20 ' A sanpl e of the obtained hybrid polyneric electro- | yte
sheet, having a size of 1 cmx 1 cm was sand- wi ched between two
stainl ess 5teel sheets, thereby obtaining a |am nate structure. In
t he sane manner as in Example 1, tf&gsandmﬁched hybrid pol yneric
electro- 25 | yte sheet was subjected t©0 neasurenent of an alternat-

95 i ng-current inpedance, using two stainless steel sheets

as el ectrodes. The .39 )( LA Vs : = ed from
the real part of%t E&%ﬁpﬁ%ﬁ eﬁlclgﬁé&%a@%i%&egese%aﬁeﬁ%%& ormof a
Nyqui st plot. As RS roomw tempdiatipe MUNELD had, 1Hge | Ok CONGUSELYI TY
was 3.2 x 10[err] S/cm The above | am nate structure

conprised of theand stainludy st Whddits aleard Ik ved NEedm Seid Vihghedd

bet ween stai nl ess sheets was further sandw ched between two 10

al um na pl at es eaddlymeting el ddtaroinco Eieanbadibdcthe hybrid thelyneriand
the resultant structure was held in a hydraul i ¢ press havi ng
heat er nedns. Thededtmlpts isheet was exmuiinmsii c A8 extresyle, was didbi ect ed
to neasurenent of an al ternating-current inpedance while gradually

ele- 15. vat iter e (afideathwhrist pdlanerig akectrokyte esheeh was

the heater nmeans fromroomtenperature to 220 [err]C, and a
observed. Therefore, it was found that the hybrid

polymeric electrolyte sheet does not suffer heat dis-
tortion at a temperature of at least 220 °C or less,

10 indicating that it has excellent heat resistance.

Example 5

The foamed polymer sheet prepared in Example 4 was
sandwiched, in substantially the same manner as in

15 Example 3, between the NC negative electrode and the
LiCoO, positive electrode both obtained in Example 3
and the foamed polymer sheet and the electrodes were
pressed against each other at 120 °C, thereby obtaining
a laminate structure.

20 Stainless steel sheets (as electric terminals for
taking a current) were brought into contact with the
respective current collectors of the positive and
negative electrodes of the laminate structure, and the
laminate structure was further laminated with a poly-

25 ethylene/aluminum/polyethylene terephthalate laminate



change in the alternating-current inpedance in accor- dance with
the tenperature el evati on was neasured. The - alternating-current

i npedance was neasured by neans of 20 LCR neter (nmanufactured and sold
by Hi oki Ltd., Japan; measur enent frequency: 1 kHz). As a result,
a snooth change in the alpernatingbfurrent | npedance was ob-
served over the tenperature range of fromroomtenpera- ture to
220 [err]C. 25 After the above neasurenent of the change in the

96 al t g4 NaFihd S thIDeSROS CoPVED 1R tREPELPI YhBaining a
range of roomtenperature to 220 [err]C, the alum na plates and

st ai nl ess st eel &QﬁﬁiﬁLgﬁﬁﬁdeﬁﬁmfﬁk%fOn1the hybrid pol yneric

el ectrolyte sheet, and the hybrid polyneric 5 el ectrol yte sheet was
exam ned. As a result,Th® obhtained batteiprwagnsabjébetedyboi d pol yneric
el ectrol yte sheet was observed. Therefore, it was found that the
hybri d pehaarges [/ i sttt ge | gyels heestingsimoths uféwe hanhedi as in
tortion at a tenperature of at |least 220 [err]C or less, 10

i ndi catingthat iExapplex@el |Asta eegukesitt e, found that tEeadpbe 5

The foanmed pol yner sheet prepared in Exanple 4 was . sandwi ched, in
substanti al | y t hehargepharge REficiaqney (ratienppE BhepEifgbncyateneas

negati ve el ectro dth i CoO2 positive, el ectrode both obtai ned
ingExaane 3 (g%égl anéethat the éischarég capacity of the first dis-

charge was 211 mAh/g of the carbon in the negative
electrode. It was also found that, with respect to the
10 cycles after the first cycle, the discharge/charge
efficiency (ratio) was 99% or more. These results show
that this battery is capable of being repeatedly
charged and discharged and hence operable as a second-
ary battery.
15
Example 6
- The electrolyte-non-impregnated, crosslinked
foamed polymer sheet prepaféd in Example 1 was sand-
wiched between the NC negative electrode and the LiCo0,
20 positive electrode both obtained in Example 3 so that
the non-coated sides of the current collectors of the
positive and negative electrodes were exposed, and the
crosslinked foamed polymer sheet and the electrodes
were pressed against each other at 120 °C, thereby

25 obtaining a laminate structure. The current collectors



and the foamed pol yner sheet and the el ectrodes were pressed

agai nst each other at 120 [err]C, thereby obtaining a |lam nate-
structure. 20 Stai nl ess steel sheets (as electric termnals for
taking a clrrent) were brought into contact with the respective
current collectors of the positive and negati ve el ectrodes of the
| am nate structure, and the | am nate structure was further

| am nated with a poly- 25, et hyl ene/ al um nuni pol yet hyl ene

terephthal ate | amagige 031t1ve and ne%atlve electrodes of the laminate
sheet having a thlckness of 50 [err]m Thereby obtaining a

sheet - shaped bat tf¥pucture were perfor&€ed@birftnesd Qéé&EéYSﬁaﬁhﬁﬁbtﬁéted to
charge/ di scharge cycle testing in the same nanner as in Exanpl e 3.

As a result, it vascfentncdlbéctdes dh&d 400 holescheagr/ ﬁ&ﬁiﬁ@ af &iaimewcy
(ratio) of the first cycl e was 79 % and that the discharge
capacity of the fer s3f dis0 pm) per cm%am@etheseiﬁdse@@/gon#cbheedashdésln
t he negative el ectrode. It was also found that, with respect to
the 10 5 cycl &f stheercutrent repligeterst he di schar ge/char ge

efficiency (ratio) was 99% or nore. These results show that this
battery is capabl e of Th® npniprte eityucture WaSchb@@%@ Hnda oheshagyedusnd

nce operable as a secaond- ary batter
he P electrolyte solution ogtalned g& dlssolv1ng lithium

tetrafluoroborate (LiBF4) in a mixed solvent of ethy-
lene carbonate (EC), propylene carbonate (PC) and 7-

10 butyrolactone( y-BL) (EC/PC/7-BL weight ratio = 1/1/2,
and LiBF, concentration: 1.5 mol/liter), and kept
therein for 2 hours at 100 °C so as to impregnate the
laminate structure with the non-aqueous electrolytic
solution, thereby obtaining a laminate structure con-

15 taining a swollen foamed sheet as a hybrid polymeric
electrolyte.

Stainless steel sheets (as electric terminals for
taking a current) were brought into contact with the
respective current collectors of the positive and

20 negative electrodes, and the laminate structure was .
then futher laminated with a polyethylene/aluminum/
polyethylene terephthalate laminate sheet having a
thickness of 50 ym. The resultant laminate structure
was inserted in a packaging bag so that the other end

25 portion of each stainless steel electric terminal is



Exanpl e 6 The el ectrol yte-non-i npregnated, crosslinked

foamed pol yner sheet prepared in Exanple 1 was sand- w ched

bet ween the NC negative el ectrode and the Li CoO2 20 positive el ectrode
bot h obtai hed ih Exanple 3 so that t he non-coated sides of the
current collectors of the posi ti veggaind negative el ectrodes were
exposed, and the crosslinked foanmed pol yner sheet and the

el ectrodes were pressed agai nst each other at 120 [err]C, thereby

25 obt ai ni N@okiltABil OW1dS W . thd PRackdgRly &y ) e4ndrthe open-

98 of the positive and negative el ectrodes of the |am nate
structure were pdrigrcf etheMiddy avareesialesd Hyhaledri® of a heat Cudic@ih
col |l ectors had 400 hol es (each having a di anet - er of 150 [err]m
per cnjerr] of tiseadgrosdd 13 -Codiicke Halgsing Sthe ingiddeof ucthenbag

col | ectors. The lam nate structure was placed in a

non- aqueous undexn naducsd, tpreggune orthanebn @b taining & \bagtery hi um

tetrafl uoroborate (LiBF4) in a mxed solvent of ethy- | ene
carbonate IEC), FhSppndiiEined Rafhery pos fitbjegted -to gharge/discharge

but yr ol act one([ err]-BL) EC/ P c1[é_}esrr -BL.weight ratio = 1/1/2, and
Li BF4 concentratﬁ£919Lq?4ﬁﬂqqit féﬁﬁup%ﬁﬁﬁky per surfage ATe3 RLothgyrs
at 100 [err]C so m nat e structur

' , | ith th
non- aqueous el ectd %cb%o@g)s.r:e%n%e/énbl PG t?ear"geojnm%ﬁ Mhg-A ?’é‘?\/ﬁ‘?\g‘?e ©
structure con- 1 ag 4 UG 2 S LS AU B SN EEe A Sy RLd A

pol yneric
charge efficiency (ratio) of the first cycle was 82 %,

10 and that the discharge capacity of the first discharge
was 210 mAh/g of the carbon in the negative electrode.
It was also found that, with respect to the cycles
after the first cycle, the discharge/charge efficiency
(ratio) was 98 % or more, and that the.discharge

15 ~capacity of the 100th cycle was 84 % of the discharge
capacity of the first cycle. These results show that
this battery is capable of being repeatedly charged
and discharged and hence operable as a secondary
battery.

20
Example 7

A hexafluoroporpylene/vinylidene fluoride copolym-

er resin (hexafluoropropylene content: 5 % by weight)
was subjected to extrusion molding in substantially the

25 same manner as in Example 1, thereby obtaining a molded



el ectrol yte. Stainl ess steel sheets (as electric termnals
for taking a current) were brought into contact with the
respective current collectors of the positive and 20 negative

el ectrodes, and the | anminate structure was t hen futher |am nated
wi th a pol yet hyl ene/ al um nunt pol ygigy! ene terephthalate | am nate
sheet having a - t hi ckness of 50 [err]m The resultant | am nate
structure was inserted in a packagi ng bag so that the other end

25 portion gheRAChaStidgigLthidkeRsLISACIHd Gunt oF NBdRleffecting a

99 _ posi ti oned outside of the packaging bag, and the open-

ing of the bag wesocsedlietkimg rearsioh,a tikatobratingd molded siagdt afasit 120
[err]C whil e keeping the inside of the bag under reduced pressure,
t her eby obt ai ni ngraaddated) witht electilion dstamisnesb Baidterihevaisrsathieciss to
char ge/ di schar ge cycle testing (current density per surface area
of the doset begwene L0nNradsor r [Dhe dxtrsslisdresd reheetr wess i thdxanpl e
3. As aresult, it was found that the discharge/ charge efficiency
(ratio) of5the fAERTSRY dnydgs idxtyre of flomdFqldda e watdrarige a
capacity of the first _di,sscharge ) was 210 mAh/g of the carbon in the
negative el ectrod&ssel in substpntigldy ftden Famemangan i dxampled

L) vas oo SLBoRbID, TR e R A S L B
HFC134a and water (flon/water mixture content of the
resultant impregnated sheet: 5% by weight). Subse-

10 quently, the sheet was taken out from the vessel and
immediately heated at 180 °C (furnace temperature : 210
°C) for 5 seconds, thereby foaming the sheet to obtain
a white foamed sheet having a thickness of 68 pm. The
volume percentage of the closed cells contained in the

15 foamed sheet was 70 % by volume, based on the entire
volume of the foamed sheet [as measured by an air
comparison pycnometer (Model 930, manufactured and sold
by Toshiba Beckman, Japan)].’

The foamed sheet was sandwiched between two stain-

20 less steel sheets, thereby obtaining a laminate struc-
ture. The sandwiched foamed sheet was placed in a non-
agueous electrolytic solution obtained by dissolving
lithium tetrafluorocborate (LiBF4) in a mixed solvent of
ethylene carbonate (EC) aﬁd propylene carbonate (PC)

25 (EC/PC weight ratio =1/1, and LiBF, concentration: 1



15 capacity of the 100th cycle was 84 % of the di scharge

capacity of the first cycle. These results show t hat this battery

i s capabl e of being repeatedly charged and di scharged and hence
operabl e a5 a secondary battery. 20 Exanple 7

A hexafluoroporpylene/vinyIidene fluoride c qgflyn} er resin
(hexaf | uoropropyl ene content: 5 % by melght5 was subjected to
extrusion nolding in substantlally the 25 same nmanner as in Exanple 1,

t her eby obt ai ni ng, o 100
6% t for .3 hours at 100 °C
sheet having a thi ness oV gBu1 t cﬁel fecting @ so

crosslinking reagld Qi ilndp e?éé%é@é}?ébﬁé}?é‘d f@émed sh%et witgdtrted

with electron beans so that the irradiation dose becone 10 M ads.
The irradiated shrgi-affeddifeledtrolytiBBESAMtidch 2 thetebe GbtalRingFel34a
and water in a vessel in substantially the sane manner as in

Exanpl e 1 . swidllah tfodnd egiwdte ddea antidv pdljierid X Lsetpblytan
HFC134a and water (flon/water m xture content of the resul t ant

I npr egnat ex1 sheetThebWhitaiwed iybrisSlhmetymebllic elemiandlyte thed sethiamilas
taken out fromthe vessel and I mmedi ately heated at 180 [err]C
(furnace tenperam@ss o8P pm. [err]C) for 5 seconds, thereby foam ng
the sheet to obtain a white foamed sheet having a thickness of 68
[err]m The v lﬁ?é‘ﬁ:?@ dan Qhseving eressrseetiensg oragi peteinedhe

from the hybrid polymeric electrolyte sheet in substan-

tially the same manner as in Example 1, and each of the

10 first, second and third cross-sections of the "sample
was examined. As a result, in the first, second and
third cross-sections of the sample; circular cross-
sections_of ligquid-phase domains, which were uniformly
dispersed in the continuous solid-phase domain and each

15 had a size of from 2 to 9 pm in terms of the average
value of the long axis and short axis of each domain,
were observed. In the first, second and third cross-
sections of the sample, the percentages of the total
cross-sectional areas of the liquid-phase domains were,

20 respectively, 38 %, 30 % and 35 %, based on the area of
each cross-section of the sample. From these results,
it was found that the volume percentage of the liquid-
phase domains in the hybrid polymeric electrolyte was
34.3 %. It was also found that any of the first,

25 second and third cross-sections of the sample showed no



15 f oamed sheet was 70 % by vol une, based on the entire vol une
of the foanmed sheet [as neasured by an air conparison pycnoneter
(Model 930, manufactured and sold by Toshi ba Beckman, Japan)].

The foanmed sheet was sandw ched between two stain- 20 | ess st eel
sheets, thereby obtaining a [am nate struc-;4, ture. The sandw ched
foanmed sheet was placed in a non- aqueous el ectrolytic solution
obt ai ned by dissol ving lithiumtetrafl uoroborate (LiBF4) in a m xed

sol vent of 1icRli Eﬁ{g:‘sé: e dnfsidn A P RY] Bl ek SR al PO 25
(EC/ PC wei ght rat ilc()')'Et‘I:l@L| , andQ{i BF4 concenr%rat i ongzg)p'):/L Sl fa

101 noldldrfsie) .o th&ke&Hedtherein for 3 hours at 100 [err] C so
as to inpregnate the sandw ched foanmed sheet with the non- aqueous

el ectrol ytic sol uti onTHehaiynid Pcliymdrit electrolytawidLsilwpeeced heet as
a hybrid polyneric electrolyte. 5 The obtai ned hybrid polyneric

el ectrol yte had asdsuxdement of waterspaxmddbiity in the same mamasplasf or
observing cross-sections was obtai ned fromthe hybrid polyneric

el ectrol yt sheetin Ezamphearl- As a resull) it wasafeundirrhkat ashén Exanpl e
1, and each of the 10 first, second and third cross-sections of the
sanpl e Wb rdd miamenis plaatralyte, hatk 09 water peympability .
third cross-sections of the sanple, circular cross- sections of

| i qui d- phase dommi ns, T @MW Qinithe Mp-agueous electrolytic solu-

tion in the hybrid polymeric electrolyte was 75 % by
weight, as calculated from the weight difference bet-
10 ween the foamed sheet (before the imbregnation of the
non- aqueous electrolyte solution) and the hybrid
polymeric electrolyte.
In the same manner as in Example 1, the hybrid
polymeric electrolyte sheet was subjected to measure-
15 ment of an alternating-current impedance, using two
stainless sheets as electrodes. As a result, it was
found that the ionic conductivity value of the hybrid
polymeric electrolyte sheet as measured at room temper-
ature was 3.4 x 10~3 S/cm. The hybrid polymeric elec-
20 trolyte sheet was heated to 150 °C and then, cooled to
room temperature. Then, the obtained hybrid polymeric
electrolyte sheet was subjected to measurement of an
alternating—eurrent impedance again. As a result, it
was found that the ionic conductivity was 3.5 x 10'3

25 S/cm. These results show that the ionic conductivity



di spersed in the continuous solid-phase domai n and each 15 had a size
of from2 to 9 [errlmin terns of the average val ue of the I ong
axi s and short axis of each domain, were observed. In the first,
second and third cross- sections 303t he sanpl e, the percentages of
t he total cross-sectional areas of the Iiquid-phase domains were,
20 respectively, 38 % 30 % and 35 % based on the area of

each cross-secti 8% &het hybsdsppelymesic pdesctredytes sheet is hagdlgps f ound

that the vol unme percentage of the liquid- phase domains in t-he
hybrid pol ymeri cCBEREEFo Pyt deRts history. 343 o It was also found that
any of the first, 25 second and third cross-sections of the sanple
showed no 102

| i qui d- phase dongkgmgi%ggnicating with the original surface of the

sheet . ybrid polyneric electrolyte was subjected to
measur enment of water N VA . er i Exanpl e
1. As aresult, it V\a?ﬁ%gg'ﬁ'?opﬁa%otsﬁ'éﬁ% 1% hy riaé‘%;gcy%ﬂactle‘{éect rolyte

had no Wat"r_éf per gBakithrbldé (both obtained §RCFaE@RME ¥) LREAHAAMRULS -
el ectrol ytic sol u- tion in the hybrid polynmeric electrolyte was 75

% by velghtutaingd aUlsamddel harrinle Vit o ff enenee ket e

ween the foamed sheet (before the i mpregnation of the non-
aqueous el ectr ol gllectablytternoard mpteghpteid] crosslinkes Woniel sheet

el ectrol yte. In the same manner as in Exanple 1, the hybrid

prepared in Example 7 was cut into a sample having a
size of 2.3 cm x 2.3 cm. The sample of the foamed

10 sheet was sandwiched between the two samples of elec-
trode sheets so that the non-coated sides of the cur-
rent collectors of the positive and negative electrodes
were exposed, and the crosslinked foamed sheet and the
electrodes were pressed against each other at 120 °C,

13 thereby obtaining a laminate structure. The obtained
laminate structure was placed in a non-aqueous electro-
lytic solution obtained by dissolving lithium tetra-
fluoroborate (LiBF4) in a mixed solvent of ethylene
carbonate (EC), propylene carbonate (PC) and 7-butyro-

20 lactone (7-BL) (EC/PC/7-BL weight ratio = 1/1/2, and
LiBF, concentration: 1 mol/ liter), and kept therein so
as to impregnate the laminate structure with the non-

aqueous electrolytic solution, thereby obtaining a

laminate structure containing a swollen foamed sheet as
25



polynmeric el ectrolyte sheet was subjected to neasure- 15 ment of an
al ternating-current inpedance, using two stai nl ess sheets as

el ectrodes. As a result, it was found that the ionic conductivity
val ue of the hybrid polyrreri c electrolyte sheet as neasured at
room t enper - ature was 3.4 x 10[er]r1%8 cm The hybrid polyneric
elec- 20 trolyte sheet was heat ed to [err]C and then, cooled to
roomtenperature. Then, the obtained hybrid polyneric el ectrol yte

sheet was subj eCtae‘iixytbQ':L@Sfﬂﬁr{B?}:[ c Y1édtrol Wgst? Oun@% ﬁ%k?@%thrqu Ci]rﬁ}ézggé—

i npedance again ares e 1onl

conduct i vi ty waS e 1Hastidde Aructureidl nddGSF 4€5186 - SNy t4gt the

i oni ¢ conducti vi ty

of the hybrid pohiiRides Gt & Hdterys. hfﬂ}ﬂ'ﬁhe heatlng,ChﬁE@e@o.@dlr
heat hi story. Exanpl e 8 he Li CoOQ2 positive

el ectrode and NCofegdlel swollen foan®l®GiHeade dhai fh;ﬂﬁi:?d sl ymefxanmpl e 3)
wer e individual - ly cut into a sanple having a size of 2 cmx 2

cm The 5 edleedinoglyjitee -ahamgen riga tvid, tee ras strarieh ferased veinbet
prepared in Exanple 7 was cut into a sanple having a size of 2.3
cmx 2.3 cm Thesbowsl &heit tihe fiowmegretion of thehdimamest sheeini it

bet ween the two sanples of elec- trode sheets so that the

non- coat ed si des t9f PrRR-@guecus electyaditich|salutgon ¢asg mextaimede and

negative electroﬁgih respect to the swollen foamed sheet, there was
almost no change in size in a direction perpendicular
10 to the thicknesswise direction of the sheet, as com-
pared to the size of the non-impregnated foamed sheet.
Two stainless steel terminals were brought into
contact with the respective current collectors of the
positive and negative electrodes, and the battery was
15 laminated with a laminate sheet of polyethylene, alumi-
num and polyethylene terephthalate at 120 °C for 30
- seconds, thereby obtaining a sheet-shaped battery.
The obtained battery was subjected to charge/
discharge cycle testing (current density per surface
20 area of the electrodes: 1 mA/cmz) using a charge/dis-
charge testing device (Model 101SM6, manufactured and
sold by Hokuto Denko Corporation, Japan). The charging
operation was carried out at a constant potential of
4.2 V. After the charging operation, the potential

25 between the electrodes of the battery was 4.2 V.



wer e exposed, and the crosslinked foaned sheet and the el ectrodes
were pressed against each other at 120 [err]C, 15 t her eby obt ai ni ng
a lamnate structure. The obtai ned | am nate structure was pl aced
in a non-agueous el ectro- | ytic solution obtained by dissolving
lithiumtetra- fluoroborate (LiBF4)gdn a m xed solvent of ethylene
carbonate (EC), propyl ene carbonate (PC) andO?f err]-butyro- 20

| actone ([err]-BL) (EC/PC/[err]-BL weight ratio = 1/1/2, and Li BF4

concentration: 1 Agidrdidd¥y, AO4AEModfBHRIA St the batB&ryOwhgPregnate
the lam nate structure with the non- aqueous el ectrolytic

sol ution, therebyhdrgddy narife dischargd iyl disdea 61dn Ghaks ec&ePi8d nbeg at
swol | en foanmed sheet as 25 104

a hybrid pol yner iac ceiresttarct yduerrerine, avidi dissbomtpimged when thenpbdedntial

| am nate structure was heated at 100 [err]C for 30 mnutes to
obtain a batterybG&WQQREﬂhﬁﬂ&k&ptnddasxﬂaﬁ decreased gfo the7 sWol | Ba &oaned
sheet as a hybrid polyneric el ectrolyte changed fromwhite to
transparerfcy, whixggult of th%ﬂﬂﬂﬁ?ﬁ@%ﬁl%¢hﬁ#9ﬁwqx9kﬁ|E#St#ngheltoum§d
sheet with t he _non- agueous electrolytlc sol ution was perforned.

Wth respect to timshditan thenbednmge/ hﬁﬁgﬁvﬁéfl°1ency (zabie) @b

change in size i Jection perpen ar to the thicknessw se
direction of thqu’f?egtjt Fs5the was d}E*Clg'p 1;133 1FeShoroQf Charge

non-i npregnated f t. . Ies stgel fermnals
were brought |nto%%y%1éﬂg§a(ratlo) of the cyg%é é% Ehe f&rsé cycf

was 99 ¥ or more. These results show that this battery
10 is capable of being repeatedly charged and discharged

and hence operable as a secondary battery.

Example 9
A hexafluoropropylene/vinylidene fluoride copolym-
15 er resin (hexafluoropropylene content: 5 % by weight)
was subjected to extrusion molding in substantially the
same manner as in Example 1, thereby obtaining a molded
sheet having a thickness of 168 um. For effecting a
crosslinking reaction, the obtained molded sheet was
20 irradiated with electron beams so that the irradiation
dose became 10 Mrads. Then, the irradiated sheet was
subjected to vacuum drying at 60 °C, while removing HF
gas generated by the drying, to thereby obtain polymer
sheet A.

25 The obtained polymer sheet A was then immersed in



contact with the respective current collectors of the positive and

negative el ectrodes, and the battery was 15 | am nated with a | am nate
sheet of polyethyl ene, alum - num and pol yet hyl ene terephthal ate
at 120 [err]C for 30 seconds, thereby obtaining a sheet-shaped
battery. The obtai ned battery. S subjected to charge/

di scharge cycle testing (current density pe% urface 20 area of the
el ectrodes: 1 mA/cnR) using a charge/dis- charge testing device

(Model 101SM, @‘frti%&%@n%bon El‘Cl34§OAxgd bqb’ag%ku{t? Qexpggs&r Rr ation,

Japan). The chargl ng eration was carri out at a constant

potential of substehtdaf 1A 4R gé}feqﬁ@rsxgéflg/agpfﬂaéi&apléhf 8otgotLgl 25

bet ween the el ectrodes of the battery was 4.2

105 Ac Geigidiiatte igoWase WHdd B e tHe battery YBSfion

charged. The dischargi ng operation was carried out at a const ant
current, and di seaFdl3dEchanatdre. pBuwbdeqlently, polRfdresiedfer was

el ectrodes was decreased to 2.7 V. As a 5 result of the
char ge/ di sthar ge taksre adstfirmgy the wesssel and inmedichtdlby hdmted at
di scharge/ charge efficiency (ratio) of the first cycle was 78 %
and the di schar géBéhdyd furnace teapigexatons: (24 i WJ) ofor hi0 cyedtasdaf t er
the first cycle was 99 % or nore. These results show that this
battery 10 ithezabyp | foaming plyragre Ahapty Ahdiqcthersbyi cetaigeal
and hence operabl?ras a secondary battery.
white foamed sheet having a thickness of 401 pm (expan-
sion ratio: 15 times) as polymer sheet B. The volume
io percentage of the closed cells contained in ‘the foamed
sheet was 92 % by volume, based on the entire volume of
foamed sheet. Polymer sheet B was futher irradiated
with electron beams so that the irradiation dose became
30 Mrads. The irradiated foamed sheet was subjected to
15 vacuum drying at 60 °C, and cut into a sample having a
size of 30 mm x 30 mm.

The sample was placed in a non-agueous electroly-
tic solution obtained by dissolving lithium tetrafluor-
oborate (LiBF4) in a mixed solvent of ethylene car--

20 bonate (EC), propylene carbonate (PC) and 7-
butyrolactone (7-BL) (EC/PC/7-BL weight ratio =
1/1/2, and LiBF4 concentration: 1 mol/liter), and kept
therein for 1 hour at 100 °C so as to impregnate the

sample with the non-aqueous electrolytic solution,

25  thereby obtaining a swollen foamed sheet as a hybrid



Exampl e 9 A hexaf | uor opropyl ene/ vi nyl i dene fl uori de copolym

15 er resin (hexafl uoropropyl ene content: 5 % by wei ght) was

subj ected to extrusion nolding in substantially the same nanner as
in Exanpl e'1, thereby obtaining a nol ded sheet having a thickness
of 168 pm For effecting a crossliqykyng reaction, the obtained

nol ded sheet was 20 irradiated with el ectron beans so that the

i rradiation dose becane 10 Mads. Then, the irradiated sheet was

subj ected to vacpohyiery cledtrdBjtd O T | SbtLIRMed NByb¥id polymer$ds
generated by the drying, to thereby obtain polyner sheet A. 25
The obt ai ned pol wisctwbitd had d heize HEr3Pdum Nk 30 mm and a thickness
106 a mxture of flon HFCl34a and water in a vessel in
substantial ly t hef&a# mmnerThs aredafiptle lebactsolyte was 1231 poegnat e
pol yner sheet A with the m xture of flon HFC134a and water.
Subsequent |y, poltShferazgaf Ahwssangle priqwkere othe fimpredra vios ekitind

i medi atel y heated at 180 [err]C (furnace tenperature: 210 [err]C)
for 10 seconds, the non-3gIgQlly elRehrRLlYele elukkenr. A to thereby obtain

a white foamed sheet having a thjckness of 401 pm (expan-
sion ratio: 15 ti rres;T%hssaﬂ'Eﬁlﬁm‘?o’% r&‘ie@lnﬁ]észtm%ecﬁ@ns wayer et bped of

ngegl gﬁe? hgelelnts iffrgo%g-}il{]e 1|6l?nritc{1 epé]?}?mngzdic electrof;pgee tsl\{\elaest 912n (ygx? si\:/gllxy e,
' tially the same manner as in Example 1, and each of the
first, second and third cross-sections of the sample
10 was examined. As a result, in the first, second and
third cross-sections of the sample, circular cross-
sections of liquid-phase domains, which were uniformly
dispersed in the continuous solid-phase domain and each
had a size of from 2 to 25 pm in terms of the average
i5 value of the long axis and short axis of each domain,
were observed. In the first, second and third cross-
sections of the sample, the percentages of the total
cross-sectional areas of the liquid-phase domains were,
respectively, 83 %, 78 % and 82 %, based on the area of
20 each cross-section of the sample. From these results,
it was found that the volume percentage of the liquid-
phase domains in the hybrid polymeric.electrolyte was
81 %. It was also found that any of the first, second

and third cross-sections of the sample showed no lig-

25 uid-phase domain communicating with the original sur-



f oamed sheet. Pol yner sheet B was futher irradi ated with electron

beans so that the irradi ati on dose becane 30 Mads. The irradi ated
f oamed sheet was subjected to 15 vacuum drying at 60 [err]C, and cut
into a sanple having a size of 30 mm x 30 nm The
sanpl e was placed in a non-aqueous el ectrolysg tic solution
obt ai ned by dissolving lithiumtetrafl uor- oborate (LiBF4) in a

m xed sol vent of ethylene car- 20 bonate (EC), propylene carbonate
(PO and r- face W& VY aglane, ([err]-BL) (EC/PC/[err] -BL weight ratio

= _ 1/1/2, and LiBF4 concentration: 1 mol/liter), and kept
therein for 1 hour at o) Hﬁfﬂ&;ﬁlﬁﬁ%ﬁ&léﬁéﬁf@iﬁté hfas subject&@ebe
ution,

wi th the non-aqueous el ectrolytic so 25 t her eby obtaining a
swol | en foaned shesisvrenerdtylwf dvater permeability in the same manner as
107 polynmeric el ectrolyte. The obtained hybrid polyneric

el ectrol yte had drsiBzamgle37l mmas 3 maswlt, ait waknBssnd that thef 372
[err]m The area of the electrolyte was 123 % of the area of the
sanpl e pri®or to tbnidhnghmenic dlidctralyte had npwakepre psredaict Ibtytic
sol ution. A sanpl e for observing cross-sections was obtained
fromthe hybrid pol ymdie aRQmy Q) ttdhe man-aqueapsiekectrolyte selytignt he

same nmanner as in Ex lL.e 1H§gnd each of the first, second and
third cross-sect AShdhs Rrid Rlgmepic elegierelyin mas IRt by seightin

. [ hi r r - ' f th I i rcul ar
E:?gsfsl_ rst. Sec0ndasarc‘:q':\lculated rom l'?e C1)m'rsesig eé: téiop e::gencge ebest?w er? ’tl?e cuta

foamed sheet (prior to the impregnation of the non-
10 aqueous electrolyte solution) and the hybrid polymeric
electrolyte.

The ionic conductivity value was calculated in the
same manner as in Example 1. As a result, it was found
that the ionic conductivity was 2.4 x 10'3 S/cm.

15

Comparative Example 2

The polymer sheet A prepared in Example 9 was cut
into a sample having a size of 30 mm x 30 mm. The
sample was impregnated with a non-aqueous electrolytic

20 solution in substantially the same manner as in Example
9, thereby obtaining a swollen foamed sheet as a hybrid
polymeric electrolyte. The obtained hybrid polymeric
electrolyte had a size of 58 mm x 40 mm and a thickness
of 335 uym. The area of the electrolyte was 240 % of

25 the area of the sample prior to the impregnation with



sections of |iquid-phase domains, which were uniformy di sper sed

I n the continuous solid-phase domain and each had a size of from2
to 25 pmin terns of the average 15 val ue of the long axis and short
axi s of each doimin, were observed. In the first, second and third
Cross- sections of the sanple, thggﬁgrcentages of the tota
cross-sectional areas of the |iquid-phase I NS were,

respectively, 83 % 78 % and 82 % based on the area of 20 each

CLose;pectyeh o 408 ol Widdenn seml srucion,  erki 485 L840

that the vol une percentage

hybrid polynmeric sleinitedse WaS the area S fhe | dafe aby OthQUIHpEEghadny
of the first, second and third cross-sections of” the sanpl e showed

no lig- 25 diich PSR lesEl ) TORFRI | S1adnh Nehat L In t BRaRpigi 9al sur-

108 - face of the sheet. The hybrid polyneric

el ectrolyte was subjected to measur enent of water perneability in
t he sane manner as in Exanple 1. As a result, it was found that

t he 5 5 hybriBkgmpgherek@ c el ectrol yte had no water perneability.

The amount of the non-aqueous el ectrol yte solution in the hybrid
pol ymeric el ectrol yt e AveeWiiEn,odf hexaftuoropropylens/chhylidere flwort he
wei ght difference between the f oamed sheet (prior to the

i npregnation of fHEhGRPorer (haxabirorerrerslishe centerbh)SabiddyYhe

hybrid p0|ynericweight) was subjected to extrusion molding at 230 °C,

thereby obtaining a molded sheet having a thickness of

10 150 pm. The obtained molded sheet was irradiated with
electron beams so that the irradiation dose became 10
Mrads. The irradiated sheet was then immersed in a
‘mixture of flon HFCl34a and water in a vessel in sub-
stantially the same manner as in Example 1 so as to

15 impregnate the sheet with the mixture of flon HFCl34a
and water (flon/water mixture content in the resultant
impregnated sheet: 7 % by weight). Subsequently, the
sheet was taken out from the vessel and immediately
heated at 180 °C (furnace temperature: 210 °C) for 10

20 seconds, thereby foaming the sheet to obtain a white
foamed sheet having a thickness of 280 um (expansion
ratio: 8 times). The obtained foamed sheet contained
closed cells having a diameter of from 10 to 15 um.

The wvolume percentage of the closed cells contained in

25 the foamed sheet was 83 %, based on the entire volume



el ectrol yte. The ionic conductivity val ue
t he sane manner as in Exanple 1. As a result,
that the ionic conductivity was 2.4 x 10[err] S/cm 15

was cal culated in
it was found

Conpar ati ve Exanple 2 The polyner sheet A prepared in Exanple
9 was cut into a sanple having a 2 7e of 30 nmm x 30 mm The
I"e

sanpl e was inpregnated with a non-aqueous ctrolytic
substantially the same nanner as in Exanple 9,

swol I en foaned Sgﬁekhgsf@améﬁrbﬂeet (as m %%%ﬂ%gg&a &

obt ai ned hybrid poly el'ectro S

and a thickness pycnomete?‘f M%%élp@boThﬁa%m&hz@ae RE
of 25 the area of the sanple prior to the inpregn

109 t hgeBRAaAJUIRBENgl.ectrol ytic solution. Fr
the increase in the area of the sanple by the inpregna-

20 solution in
t hereby obtaining a

%ﬁ&odﬂﬁ§afg§%n

ze of

o1 Wy z\mlw %

ation with

om t he above,
tionis

mar kedl y | arger than trhat foamedaghle@tiwas cut intdE@amplE) having a

A powder of hexafl uoropropyl ene/vinylidene fluo-

ri de copol yner

(hexaf |l uosopr opykdne ofinSerin x55%cy The sampie glats) plascesubjrec ediss-0

extrusion nolding at 230 [err]C t her eby obt ai

ning a nol ded sheet

havi ng a thi cknetvref 0£160 ml of5@dedhonemandlnd ot sifned nasl-damesiuset was

irradi ated with

electrolytic solution obtained by dissolving lithium

tetrafluorocborate (LiBF4) in a mixed solvent of ethy-

10

lene carbonate (EC) and propylene carbonate (PC) (EC/PC
weight ratio = 1/1, and LiBF,4 concentrations
1 mol/liter), and kept therein for 24 hours at 40 °C so

as to impregnate the sample with the non-agqueocus elec-

trolytic solution, thereby obtaining a

swollen foamed

sheet. The obtained swollen foamed sheet was treated

15 at room temperature under a pressure of 10~3 Torr for

30 minutes. Thus, a hybrid polymeric electrolyte was

obtained. The obtained hybrid polymeric electrolyte

had a thickness of 320 ym and a size of § cm x 5 cm.

A sample for observing cross-sections was obtained

20 from the hybrid polymeric electrolyte sheet in substan-

tially the same manner as in Example 1,

first, second and third cross-sections

and each of the

of the sample

was examined. As a result, in the first, second and

third cross-sections of the sample, circular cross-

25 sections of liquid-phase domains, which were uniformly



el ectron beans so that the irradi ati on dose becane 10 M ads. The

i rradi ated sheet was then imersed in a m xture of flon HFCl34a
and water in a vessel in sub- stantially the same manner as in
Exanple 1 so as"'to 15 i npregnate the sheet with the mxture of flon
HFC134a and water (flon/water nixt#{f content in the resultant
| npregnated sheet: 7 % by weight). Subseque y, the sheet was
taken out fromthe vessel and i medi ately heated at 180 [err]C

(furnace teﬁperatd!isepeﬁ@d[fﬁr&ﬁ é&‘itfoam oLiaSffi Qsdox%lﬁfﬁeQdecQQ

the sheet to obtai eet I cknéss 0 280

pm (expansi on  had a $Pdd WBf Srtdiies) o IS mtfﬁneérﬁgaafdtﬁees%eff?géa' ned -
closed cells having a dianeter of from10 to 15 pm

percentage of therglsask cehé SLERRt @k 1€ dand s12<5rt axisherf8aBRda8MEEh, Vs
83% based on the entire vol une _ _

110 of were fomsretkradeet I achaepbrsed Hycond aand CORPEd | &8Bss-
pyononet er Model 930, nmanufactured and sold by Toshi ba Beckman,
Japan) . 5 sectidie dDHarieel sdmele wakhe wercentagsanpt ethavtogad 5
size of 5 cmx 5 cm The sanple was placed in a m Xx- ture of 50
m of acetone anG@ﬂ?ﬁﬂSQﬁtkpnﬁﬁ1Qﬁﬁﬂﬁn@i the liquidephaseydomaiosuvene,

obt ai ned by dissolving lithiu tetrafl uoroborate (LiBF4) in a
ni xed sol vent of r&ﬁRPCtlveer 78 ¢he TRrbnd B ) haredropythacares bofiat e

(PC) (EG PC each cross-section of the sample. From these results,

it was found that the volume percentage of the ligquid-

10 phase domains in the hybrid polymeric electrolyte was
78 ¥. It was also found that any of the first, second
and third cross-sections of the sample showed no lig-
uid-phase domain communicating with the original sur-
face of the sheet.

15 The hybrid polymeric electrolyte was subjected to
measurement of water permeability in the same manner as
in Example 1. As a result, it was found that the
hybrid polymeric electrolyté had no water permeability.

The amount of the non-aqueous electrolytic solu-

20 tion in the hybrid polymeric electrolyte was 85 % by
weight, as calculated from the weight difference bet-
ween the foamed sheet (prior to the impregnation of the
non-aqueous electrolytic solution) and the hybrid
polymeric electrolyte.

25 When the hybrid polymeric electrolyte was subject-



10 wei ght ratio = 1/1, and Li BF4 concentrati on: 1 nmol/liter),
and kept therein for 24 hours at 40 [err]C so as to inpregnate the
sanple with the non-aqueous el ec- trolytic solution, thereby
obtaining a swollen foaned sheet. The obtained swol |l en foaned
sheet was treated 15 at roon1tenperat%#§ under a pressure of 10[err]
Torr for 30 mnutes. Thus, a hybrid polyneric electrolyte was
obt ai ned. The obtai ned hybrid polyneric electrolyte had a

thi ckness of 320 Y@ At ben&;%ﬁa@trans:wlon tempéra @?P-Jaeb or
observing cross-sections was obtal ned fromthe hybrld polymeric

el ectrol yte sheetgifestdist #4t thermal andByd¥s! NetSeas f@um&rtﬁétlﬂtﬁsaapl e
1, and each of the first, second and third cross-sections of the

sanpl e Vi S T Bshs 56 resmpératirdé heff+160, *cecosdngadit

third cross-sections of the sanple, circular cross- 25 sections of

| i qui d- phase donehats prdwicdusky coesn fHouhd that the fodriidd sheet (gispersed
in the continuous solid-phase domain and each had a size of from?9
to 15 pmi% ternstofthehaimpregnation of theslectiolee | spbubkds) anddsaort
axis of each domain, wer e observed. In the first, second and third
cross- 5 s cekasshstrans Helam rggeperabupr refnt 2hetCof it Heas oran-
cross-sectional areas of .the |iquid-phase domajns were

respectively, 78 Sy TRl okl Hie %c”b"é’s‘@ép‘b‘h %%%r%%lmer matrix @fchhe
ﬂ]gsibfﬁﬁ;l ggr g;&yggfcﬁ@q]%nqq%n#eggré yte wés swollen wat.tl\{va%hf ound that
electrolytic solution.

10 The sample of the obtained hybrid polynieric elec-
trolyte sheet was sandwiched between two stainless
steel sheets, thereby obtaining a laminate structure.
In the same manner as in Example 1, the sandwiched
hybrid polymeric electrolyte sheet was subjected to

15 measurement of an alternating-current impedance, using
two stainless steel sheets as electrodes. As a result,
it was found that the ionic conductivity was 1.1 x 10-3

S/cm.

20 Example 11

The foamed sheet obtained in Example 10 was cut
into a sample having a size of 5 em x 5 cm. The sample
was placed in a mixture of 50 ml of tetrahydrofuran and
50 ml of a non-aqueous electrolytic solution obtained

25 by dissolving lithium tetrafluoroborate (LiBF,) in a



10 phase domains in the hybrid polyneric electrolyte was 78 %

It was al so found that any of the first, second and third
cross-sections of the sanple showed no lig- ui d- phase domain
comuni cating with the original sur- face of the sheet. 15

The hybrid polyneric electrol yte was subjeqffg to measur enent of
wat er perneability in the same manner as in Exanple 1. As a result,
it was found that the hybrid pol yneric el ectrolyte had no water

permeability.  mixed solveii® Mgﬁné f’tf‘aﬂ%h@@é'egéﬁ) el seopPldhsc sol u-
20 tion in the hybrid polymeric électrolyte was 85 % by wei ght,

as cal cul ated fraaddumanad ahvic didder fasatPeblactone ( egh )t heed ppapd —sheet
(prior to the inpregnation of the non- aqueous el ectrol ytic

solution) and thehwight ratio $ad k2 cartd eCiBP)} Yédncerbration: When
the hybrid polyneric electrolyte was subject-

112 ed 1t mailedsiteanentammi kept adsereimsfor of houperat U@ by so
differential thermal analysis, it was found that it had a gl ass
transitiondtenpercs ke igfpred@fertlie s@iploe with the mixhade ppfvtbes|y
been found that the foaned sheet (prior 5 to the inpregnation of the
el ectrol yte sol uthefehegdrofuran and HheaenTagueeudrel hrtie splusy

[err]C, it was cqn- firmed, that the continuous solid pol yner

matrix of the  t1°o7, TRAKRSRY QRTAIING & SHI ISR ETRRSRIFAPENEIREPAt he

sheet. Subsequently, in a flow of an argon gas, the
obtained swollen transparent foamed sheet was main-

10 tained at room temperature for 3 hours so as to evapo-
rate the tetrahydrofuran, thereby 6btaining a transpar-
ent sheet as a hybrid polymeric electrolyte. The
obtained hybrid polymeric electrolyte sheet had a size
of 5.5 cm x 5.5 cm and a thickness of 335 pm.

15 A sample for observing cross-sections was obtained
from the hybrid polymeric electrolyte sheet in substan-
tially the same manner as in Example 1, and each of the
first, second and third cross-sections of the sample
was examined. As a result, in the first, second and

20 third cross-sections of the sample, circular cross-
sections of liquid-phase domains, which were uniformly
dispersed in the continuous solid-phase domain and each
had a size of from 9 to 15 pm in terms of the average
value of the long axis and short axis of each domain,

25 were observed. In the first, second and third cross-



el ectrolytic solution. 10 The sanpl e of the obtained hybrid

pol yneric el ec- trolyte sheet was sandw ched between two stainl ess
steel sheets, thereby obtaining a |am nate structure. In the sane
manner as tn Exanple 1, the sandw ched hybrid pol yneric

el ectrolyte sheet was subjected to 15 11r’zaasuremant of an

al ternating-current inpedance, using two stainless steel sheets as
el ectrodes. As a result, it was found that the ionic conductivity

was 1.1 x 10[errlsacty ans fS/tﬁ-{Be ﬁsn;aa the %@f@ﬁtéﬁes of the tot 1 The

f oaned sheet obtalne s’ cut to a sanp 2 havi ng a

size of 5 cmx 5&%&&%&@1& areas of%pﬁﬁfﬁhiﬁh@s@a@mﬁﬁgfw@@em
of tetrahydrofuran and m of a non-aqueous electrolytic

sol ution obtai negespactivel’dy, dmsxpl BN ldddringng egﬁééé&cwxobaﬁ@t@r%él&EM
in a m Xxe

sol vent of ethyl eaehc areaisedtion f fhd adple. From aflhesattedi?Ois and
[err]-butyrolactone ([err]-BL) (EC/PC/[err]- BL weight ratio =

1/ 1/ 2, andb Li BF4 idomeentficatridorthat the volumepdrdentagearsit kidpe lihguibdy for
8 hours at 50 [err]C so 5 as to inpregnate the sanple with the

m xture of the phase domgimghyidy dthe hiyhuid tpelyRerig ercstrdolyte vgsi c
sol u- tion, thereby obtaining a swollen transparent foaned

sheet. Subsequen®ly%.i n It Maswadisufarsbrthat anhef the first, second

and third cross-sections of the sample showed no lig-
uid-phase domain connected to the original surface of
10 the sheet.

The hybrid polymeric electrolyte was subjected to
measurement of water permeability in the same manner as
in Example 1. As a result, it was found that the
hybrid polymeric electrolyte had no water permeability.

15 The amount of the non-aqueous electrolytic solu-
tion in the hybrid polymeric electrolyte was 88 % by
weight, as calculated from the weight difference bet-
ween the foamed sheet (befofe the impregnation of the
non-aqueous electrolytic solution) and the hybrid

20 polymeric electrolyte.

When the hybrid polymeric electrolyte was subject-
ed to measurement of a glass transition temperature by
differential thermal analysis, it was found that it had
a glass transition.temperature of -102 °C. Since it

25 had previously been found that the foamed sheet (before



obt ai ned swol | en transparent foaned sheet was main- 10 tained at room
tenperature for 3 hours so as to evapo- rate the tetrahydrofuran

t her eby obtaining a transpar- ent sheet as a hybrid polyneric

el ectrolyté. The obtai ned hybrid polymneric electrolyte sheet had a
si ze of 5.5 cmx 5.5 cmand a thigéggss of 335 [err]m 15

A sanpl e for observing cross-sections was obtai ned fromthe hybrid
polymeric el ectrolyte sheet in substan- tially the same manner as

in Exanpl e 1, a”%h%a(ihxp%g}nléecion of thd 'di-ot G %dﬂé&)t had a

cross-sections of the sanp was examned. As a result, 1n the

first, second ang1aéd trandiftildh UeRipenRldO e af51 s saplvas Cdelll ar
Cross- sections of |iquid-phase donains, which were uniformy

di spersed in the fagficldnthist Id eIl BEoLIARNpaldater matrix dRdtle Size
of from9 to 15 [err]min terns of the average val ue of the |ong
axi s and short ahybrdd eadlymborim mlectirolyte wese iolsmgrerked lwithhethie r st
second and third cross- 114
sections d the sdesitteolghdpecdarttizges of the tota

cross-sectional areas of the |iquid-phase domai ns were,

respectively, 82 % 83hm hvdbrig wmolymexicpelantrglatefsheet was sand-
cross-section of the sanple. Fromthese results, 5 it was found that
the vol une per ceMighedoatmean Fyqystainless ghagl FReTR itherrbhybrid

]P Io:, g[re ' Isg Cglngct ' %&)X:tag.n%sé a laminagl:le Oé)trllfctvl\ﬁ'sé .al SIon ft%l’len dsatnpeatmgrglﬁ/eag) fast he
in Example 1, the sandwiched hybrid polymeric electro-
io lyte sheet was subjected to measurement of an alternat-
ing-current impedance, using two stainless steel sheets
as electrodes. The ionic conductivity value was calcu-
lated from the real part of the complex impedance
expressed in the form of a Cole-Cole plot. As a re-

15 sult, it was found that the ionic conductivity was 3.7

x 10”3 s/cm.

Example 12

The foamed sheet obtained in Example 10 was cut
20 into a sample having a size of 5 cm x 5 cm. The sample
was placed in a mixture of 50 ml of tetrahydrofuran and
50 ml1 of a non-aqueous electrolytic solution obtained
by dissolving lithium hexafluorophosphate (LiPFg) in a
mixed solvent of ethylene carbonate (EC) and propylene

25 carbonate (PC) (EC/PC weight ratio = 1/1, and LiPFg



and third cross-sections of the sanple showed no |iqg- ui d- phase
domai n connected to the original surface of 10 t he sheet.

The hybrid polyneric electrolyte was subjected to measur enent of
wat er pernmeability in the sane manner as in Exanple 1. As a result,
It was found that the hybrid poly riii el ectrolyte had no water
pernmeability. 15 The anount of t on- aqueous el ectrolytic sol u-
tion in the hybrid polyneric electrolyte was 88 % by meight as

| cul ated from f heet
(bef o Rl o?%rL ef%/ﬂ S i s ec}Ero‘T’yl?l c so? '

(before the |npregnat|on non-‘aqueous ution)

and the hybrid Zfyurs aﬂ@lﬁﬁm’rd %&'%tf&lﬁﬁﬁe%nate the samrém(%r’v:{ﬁ‘? tybrid

pol ynmeric el ectrolyte was subject- 0 measurene gl ass

transition tenpemnfttfirdlos the tethdH R iRdn (418 NBle B VadSeoud Was
found that it had a glass transition tenperature of -102 [err]C.

Since it 25 b gqliyatisd sdiaeti dounchd ey tdietd Doyl & haed1idef ore

115 the inmpregnation of the electrolytic solution) had a

gl ass trarsiti on treanspatant fidamddl §haat.C, Subswegueamtiy, the obtaimed t hat
t he continuous solid polymer matrix of the hybrid pol yneric

el ectrol yte was isWsldgmtterbnginararie fodned shealttwas ywaintwingd ot room
The hybrid polyneric electrolyte sheet was sand- -3 wi ched between two
st ai nl ess st eel §@ggq;a39ﬁgfggﬂer a pressure of 107 Torr for 1 hour so

as to remove the tetrahydrofuran, thereby obtaining a
transparent sheet as a hybrid polymeric electrolyte.

10 The obtained hybrid polymeric electrolyte sheet had a
size of 5 cm x 5 cm and a thickness of 255 um.

A sample for observing cross-sections was obtained
from the hybrid polymeric electrolyte sheet in substan-
tially the same manner as in Example 1, and each of the

15 first, second and third cross-sections of the éample
was examined. As a result, in the first, second and
third cross-sections of the sample, circular cross-
sections of liquid-phase domains, which were uniformly
dispersed in the continuous solid-phase domain and each

20 had a size of from 5 to 11 pm in terms of the average
value of the long axis and short axis of each domain,
were observed. In the first, second and third cross-
sections of the sample, the percentages of the total
cross-sectional areas of the liquid-phase domains were,

25 respectively, 73 %, 71 % and 75 %, based on the area of



obtaining a lam nate structure. In the sane manner as in Exanple 1
t he sandw ched hybrid polyneric electro- 10 | yte sheet was subjected
to measurenent of an alternat- i ng-current inpedance, using two
stai nl ess steel *sheets as el ectrodes. The ionic conductivity val ue
was cal cu- ) lated fromthe real party t he conpl ex i npedance
expressed in the formof a Cole-Cole plot. are- 15 sult, it was
found that the ionic conductivity was 3.7 x 10[err] S/cm

Exanpl e 12 each crodi-diRsh Y¥eathe ik L | rrfemmnphEsd Ora@s1 €4t 20

into a sanple having a size of 5 cmx 5 cm he sanpl e was pl aced

in a mxture of 3@ WasPffdulid athal afig amplaite percent&fe Nbf Ofhé IiuddLeous
el ectrolytic solution obtained by dissolving |1thium

hexaf | uor ophosphaihasd iddnfains) i the hybmidkasbismercid afectiylgte was
carbonate (EC) and propyl ene 25 carbonate (PC) (EC/PC weight ratio =
1/1, and LiPF6 72.7 %. It was also found that any of thdlfirst,

concentration: 1 nol/liter), and kept therein for 8 hours at 50
[err] C so ms to isgscdghand tthind grassysactians of the sanple showedheno

t etrahydrofuran and the non-aqueous el ectrol ytic solution, thereby
obt ai ni ng a swol léQuidsphase aannesdad g ddie omiginat sriace he
obt ai ned swol | en transparent foaned sheet was maintai ned at room
tenperature undePféQ%F% 'of 10[err] Torr for 1 hour so

The hybrid polymeric electrolyte was subjected to
measurement of water permeability in the same manner as
10 in Example 1. As a result, it was found that -the
hybrid polymeric electrolyte had no water permeability.
The amount of the non-aqueous electrolytic solu-
tion in the hybrid polymeric electrolyte was 71 % by
weight, as calculated from the weight difference bet-
15 ween the foamed sheet (before the impregnation of the
non-agqueous electrolytic solution) and the hybrid
polymeric electrolyte.
When the hybrid polymeric electrolyte was subject-
ed to measurement of a glass transition temperature.by
20 differential thermal analysis, it was found that it had
a glass transition temperature of -99 °C. Since it had
previously been found that the foamed sheet (before the
impregnation of the electrolytic solution) had a glass
transition temperature of -51 °C, it was confirmed that

25 the continuous solid polymer matrix of the hybrid



as to renove the tetrahydrofuran, thereby obtaining a t ransparent
sheet as a hybrid polyneric electrolyte. 10 The obtai ned hybrid

pol ynmeric el ectrolyte sheet had a size of 5 cmx 5 cmand a

t hi ckness of 255 [err]m A sampl e for observing
cross-sections was obtai ned fron1HQ§hhybrid polymeric electrolyte
sheet in substan- -tially the sane ner as in Exanple 1, and each
of the 15 first, second and third cross-sections of the sanple

was exani ned. ASP%t 7 WHilo élréééi%f&){é%assei%l%&@ted with thd&fectro-

Cross-sections o sanple, circdlar cross- sections o
l'i qui d- phase domaiyRgc \Wijicttiwkie unifornly di spersed in the
conti nuous solid-phase donain and each 20 had a size of fromb5 to 11

[err]min terns of thendvekdEddd polymeritldidirdiifrd Qb iwasNEhsdort
axi s of each domain, were observed. In the first, second and third

Cross- sdchiedn betivddie tsEtaindllesparteal agasetd, ({isetehnl
cross-sectional areas of the |iquid-phase domai ns were, 25

respective y, 73oWtainivigamd Idmitateasdthumtudee arlga Wie same manner as
117 each cross-section of the sanple. Fromthese results,

it was found thatint Feapglerd pdihee sangwighaddyhbingid polymeric elgeiro-
domains in the hybrid polyneric electrolyte was 72.7 % _ It was
al so found that &Feof fasssubjected t @marPurfPant rif @l EImabns

of the sanple shqowed no | i qui d- phase domai n caonnected to the
ori gi nal ggrfacegng-curreqﬁ #ﬂﬂ?qgﬁﬁﬁ' Jgkng two stainless steel sheets

as electrodes. The ionic conductivity value was calcu-
10 lated from the real part of the complex impedance

expressed in the form of a Cole-Cole plot. As a re-

sult, it was found that the ionic conductivity was 1.0

x 103 s/cm.

15 Example 13

A hexafluoropropylene/vinylidene fluoride copolym-
er (hexafluoropropylene content: 5 % by weight) was
subjected to extrusion molding in substantially the
same manner as in Example 10, thereby obtaining a

20 molded sheet having a thickness of 25 pym. The obtained
molded sheet was irradiated with electron beams so that
the irradiation dose became 20 Mrads. The sheet was
then immersed in a mixture of flon HFCl34a and water in
a vessel in substantially the same manner as in Example

25 1 so as to impregnate the sheet with the mixture of



The hybrid polyneric electrolyte was subjected to measur enent of

wat er perneability in the same manner as 10 in Exanple 1. As a
result, it was found that-the hybrid polyneric electrolyte had no
wat er permeabillty. The anmount of the non-aqueous

el ectrolytic sol u- ~tion in the hybrid polymeric electrolyte was 71
% by wei ght, as cal cul ated from t He-%wei ght difference bet- 15
ween the foamed sheet (before the inpregnation of the non- aqueous

el ectrol ytic sol ytion he bri.d olyneric electrolvie,

When the’ hybr i d SACOEFRE A el HA o, e e’ R €l “Grdedt i

measur enent of 2+ HAseddaltald bl Wifed: #% py wdiddefent i a
ound that 1t had a dgass ra

thermal analysis, It was sition

tenperature of - QAHRIFIALIY Nad st was taked &Y Ok Bsen . dospf that

4

t he foanmed sheet (before the | npregnation of the electrolytic
solution) had a @gh@dSmmediately hdlidd At IBPEIAt U Erice HedSdFadturd! Was
confirmed that 25 t he continuous solid polynmer matrix of the hybrid
118 5 polingeeric) dcts dadondsss tHgretgn cning tHd b LEt £6-

l ytic solution. The hybrid polyneric electrol yte sheet was
sand- wiobitad nb et wieirte imagtesl rdhesst Haoelng reettsichrimxsebyf 4G pm
obtaining a lam nate structure. |n the same manner as i n Exanpl e

1, the sandw chedempensdosoiratda:c &ltdmes). The obtained sfraedwasheet

subj ected to neasurenent of an alternat-
contained closed cells having a diameter of from about

10 to about 15 uym. The volume percentage of the closed

10 cells contained in the foamed sheet was 71 %, based on
the entire volume of foamed sheet, as measured by the
air comparison pycnometer.

| The foamed sheet was cut into a sample having a
size of 5 cm x 5 cm. The sample was placed in a mix-

15 ture of 50 ml of acetone and 50 ml of a non-agueous
electrolytic solution obtained by dissolving lithium
tetrafluoroborate (LiBF4) in a mixed solvent of ethy-
lene carbonate (EC) and propylene carbonate (PC) (EC/PC
weight ratio = 1/1, and LiBF, concentration:

20 1 mol/liter), and kept therein for 24 hours at 40 °C so
as to impregnate the sample with the mixture of the
tetrahydrofuran and the non-aqueous electrolytic solu-
tion, thereby obtaining a swollen transparent foamed
sheet. Subsequently, in a flow of an argon gas, the

25 obtained swollen transparent foamed sheet was main-



I ng-current inpedance, using two stainless steel sheets as

el ectrodes. The ionic conductivity value was calcu- 10 | ated fromthe
real part of the conplex inpedance expressed in the formof a
Cole-Cole plot.*As a re- sult, it was found that the ionic
conductivity was 1.0 x 10[err] S/cmq 15 Exanpl e 13

A hexafluoropropylene/vinyIidene fluoride copolym er
(hexaf | uor opropyl ene content: 5 % by weight) was subjected to

extrusi on ol di ng.d fhe&d st %6ﬁ|{¥mﬁg£'f‘ature unde? 8dpPBEEREe28 £ NoERaNpl €
10, thereby obtaining a d sheet haV|ng a thickness of 25 pm

The obtai ned Torr foX d30 mieetedasSo i 45 agb ateflovbt Bhel gebtshehedBra0

t hat the irradi ati on dose became 20 M ads. The sheet was

then i mmersed i n Wy ebtadlwing 4l -efamisdodnt asleeBt & anhybrid polgmegseel
in substantially the same manner as in Exanple 25 1 soas to

i npregnat e t he sheEldctralyteae nthe wktained hybrid polymeric electrolyte
119 flon HFCl34a and water (flon/water m xture content in

t he resul tant i nphegtthked shesize o Hycmek ghtgm and a thiskhesguefitly, the
sheet was taken out fromthe vessel and i nmedi ately heated at 180
[err] C (furnace t&hpERat ure: 5 180 [err]C) for 5 seconds, thereby
foam ng the sheet to obtain a white foamed sheet haV|ng a

t hi ckness of 40 pm sample for observing cross- sectlons was obtained
from the hybrid polymeric electrolyte sheet in substan-
tially the same manner as in Example 1, and each of the

10 first, second and third cross-sections of the -sample
was examined. As a result, in the first, second and
third cross-sections of the sample, circular cross-
sections of liquid-phase domains, which were uniformly
dispersed in the continuous solid-phase domain and each

15 had a size of from 10 to 13 pm in terms of the average
value of the long axis and short axis of each domain,
were observed. In the first, second and third cross-
sections of the sample, the percentages of the total
cross-sectional areas of the liquid-phase domains were,

20 respectively, 61 %, 58 % and 63 %, based on the area of
each cross-section of the sample. From these results,
it was found that the volume percentage of the liquid-
phase domains in the hybrid polymeric electrolyte was
60.7 %.. It was also found that any of the first,

25 second and third cross-sections of the sample showed no



(expansion ratio: 4 tinmes). The obtained foaned sheet cont ai ned
closed cells having a dianeter of from about 10 to about 15 pm
The vol une percentage of the closed 10 cells contained in the foaned
sheet was 71 % based on the entire volune of foaned sheet, as

measured by the air conparison pycywyeter. The
foamed sheet was cut into a sanple having a size of 5 cmx 5 cm
The sanple was placed in a mx- 15 ture of 50 mM of acetone and 50 ni

of a non-aqueous 1iquid-ph#e ddmd i i Sorilatd® e bt o P¥nsl SSQF¥LEY
l'ithium tetrafl uoroborate (LiBF4) in a m xed solvent of ethy-

| ene carbonate (K@ thed ghteagtyl ene carbonate (PC) (EC PC wei ght
ratio = 1/1, and Li BF4 concentration: 20 1 nol/liter), and kept
therein for 24 hours &heityflerid @alymeric eledisrdly tapiagnails]édeedanp! €
with the mxture of the tetrahydrof uran and the non-aqueous

el ectrol ytic sol geasurement tgfHwatere merymesiidiitingin the| same tmamsear ot

f oanmed sheet. Subsequently, in a flow of an argon gas, the 25
obt ai ned ol | enify &FSFRIent f offe @ HRELtwasirwas found that the

120 tak&gd, t r%tomte_rrperature under a_ pressure of 10[6&;,:';1'
Torr for 30 ni nut¥PTIE ROPeE Rl adfEdadiohed emater permeahility.

obtaining a transpare sheet as brid polyneric el ectrol yte.
The obtai ned hybrid prolplr\?rrmoc‘,‘me é’%‘t P%leytné’“p' eous; IIRCHERL LS OB 5 cm

x 5 cmand a th'%ﬁ@%?inp%he hybrid'%%ﬂfﬁégfg electrolyte was 69 % by

weight, as calculated from the weight difference bet-
10 ween the foamed sheet (before the impregnation of the
non-aqueous electrolytic solution) and the hybrid
polymeric electrolyte.
When the hybrid polymeric electrolyte was subject-
ed to measurement of a glass transition temperature by
15 differential thermél analysis, it was found that it had
a glass transition temperature of -98 °C. Since it had
previously been found that the foamed sheet (before the
impregnation of the electrolytic solution) had a glass
transition temperature of -51 °C, it was confirmed that
20 the continuous solid polymer matrix of the hybrid
polymeric electrolyte was impregnated with the electro-
lytic solution.
The hybrid polymeric electrolyte sheet was sand-
wiched between two stainless steel sheets, thereby

25 obtaining a laminate structure. 1In the same manner as



A sanpl e for observing cross-sections was obtained fromthe hybrid
pol yneric electrolyte sheet in substan- tially the same manner as
in Exanple 1, and each of the 10 first, second and third
cross-sections of the sanple was exanmined. As a result, in the
first, second and third cross-sectji-ons of the sanple, circular
Cross- sections of |iquid-phase domalns, which were uniformy

di spersed in the continuous solid-phase domai n and each 15 had a size
of from10 to 13ipTExampdied ,oftHh&aheRiiagRd hybrid poilyelic (dadong- axis
and short axis of each domain, were observed. I'n the first, second
and third cross-lyte sheetseas aubjeictidie toamdasurdiee o R gestdfnd f1e

t ot al cross-sectional areas of the |iquid-phase domains were, 20
respectively, 61itg-58r¥eartd ifPpetanioesecmsing orarstmiofless steel aittdets
cross-section of the sanple. Fromthese results, it was found that
t he vol ume per ceftagéestrodes.i qdihg ionic conducdderidynaiaine washeddu+ d
pol ynmeric el ectrolyte was 60.7 % It was al so found that any of
the firsts 25 1latedefzem Ihe Lwiedd Perds ofsdbe eenpdier Hapssdmiae showed no
121 Iiguid-gggae donami n connected to the original surface

of the sheet. xpre inriben, formg ofo py Ferliec Coler Aty e AR ifhj ect ed

to neas nt . of _water per. bility in the sane nanner as 5
in Exanple 1. A§G§%?e§E|W?Si%°%& f6&td a¥°Pﬁ€ conductivity was 7 x

104 s/cm.

10

15

20

25



hybrid polyneric electrolyte had no water perneability. The
anount of the non-aqueous el ectrolytic sol u- tion in the hybrid
polynmeric electrolyte was 69 % by wei ght, as cal culated fromthe
wei ght dif'ferernce bet- 10 ween the foaned sheet (before the

| npregnation of the non- aqueous ehggtrol ytic solution) and the
hybrid pol yneric el ectrolyte. When the hybrid

pol ynmeric el ectrolyte was subj ect - ed to neasurenent of a gl ass
transition tenpegahdpeebys 15 differential thermal analysis, it was
found that it had a glass transition tenperature of -98 [err]C
Since it had Eguenblazl pmbaatsl ofndithdun hdroxided e icddufore
t he i npregnation of the electrolytic solution) had a gl ass
transition tenpeoaideewetre- mixpdr wi€h ebchasthenf,i amdd theatres?d tant t he
continuous solid polymer matrix of the hybrid pol yneric

el ectrol yte was mEptugeawed heslfedhatel786t 6 for 5 houxnsyt o ddlanshon.
The hybrid polyneric electrolyte sheet was sand- wi ched bet ween
two stainisess stebtaiheppyderkeldfpOy2baving gbt &veiragea PRaTHLediee dia-
structure. In the sane nanner as '

122 | RREREnBEe1® Pipe ThRJGPEREReRy BPWASSE 0 @nd.qagbon

| yt heet Lected t t. qf, | ter,nat -

M- cur ont | polhEE, YHEPrgUnAS SoaPRcBIsPREEPCLiBop, S § bY weldht

ol ectrodes. The Logl.e: R MUCHYL ¥+ ¥GAYRNR® ¢iAkYae) (Rr110d, 2uihuldal the

real part of the conp
tured and sold by Kureha Chemical Industry Co., Ltd.,

10 Japan) in NMP, so that a slurry containing solid com-
ponents in the following weight ratio was obtained:
LiCoO,5 (85 %), carbon black (8 %) and poly(vinylidene
fluoride) (7 %). The obtained slurry was applied onto
an aluminum foil by doctor blade method and dried, to

15 thereby obtain an LiCoO, sheet having a thickness of
110 pm. The obtained LiCoO, sheet was cut into a size
of 2 cm x 2 cm. On the other hand, the hybrid polymer-
ic electrolyte sheet prepared in Example 2 was cut into
a size of 2.5 cm x 2.5 cm. Then, the cut LiCo0O, sheet

20 was covered with the cut hybrid polymeric electrolyte
sheet. The hybrid polymeric electrolyte sheet was
sandwiched between the LiCoO, sheet and a metallic
lithium foil having a size of 2 cm x 2 cm (thickness:
100 pm). Thus, a laminate structure composed of a

25 positive electrode (LiCoO,) / the hybrid polymeric



expressed in the formof a Cole-Cole plot. As a re- sult, it was

found that the ionic conductivity was 7 X 10[err] S/cm 10

15 20 25 123
Exanpl e 14 ) Equi nol ar amounts of |ithium hydroxi de and cobal t
oxi de were m xed with each other, and the gggultant m xture was

heated at 750 [err]C for 5 hours, to thereby

electrolyte sheet / a negative electrode (metallic
lithium) was-obtained. Stainless steel sheets (as
electric terminals for taking a current) were brought
into contact with the respective current collectors of
5 the positive and negative electrodes of the above-

obtained laminate structure. The laminate structure
was then placed in a sealable glass cell having inner
electric términals for taking a current from the lami-
nate structure (hereinafter frequently referred to

10 simply as "glass cell”), wherein the inner electric
terminals of the glass cell are connected to outer
electric terminals of the glass cell, and the electric
termihals of the laminate structure were connected to
the inner electric terminals of the cell. The cell was

15 sealed in an argon atmosphere to obtain a battery.

The obtained battery was subjected to charge/
discharge cycle testing (current density per surface
area of the electrodes: 3 mA/cmz), using a charging/
discharging device (model 101SM6, manufactured and sold

20 by Hokuto Denko Corporation, Japan). The charging
operation was conducted at a constant potential of 4.2
V. After the charging operation, the potential between
the electrodes of the battery was 4.2 V. Accordingly,
it was confirmed that the battery was charged. The

25 discharging operation was conducted at a constant



5 obtain powdery Li CoO2 having an average particle dia- nmet er
of 10 pm The obtai ned powdery Li CoQ2 and car bon bl ack were added
to and dispersed in a 5 % by wei ght sol ution of poly(vinylidene
fluoride) (KF1100, manufac- tured and sold by Kureha Chemi ca

| ndustry Co., Ltd., 10 Japan) in NWP, ggsthat a slurry containing
solid com ponents in the foll ow ng weight ratio was obtai ned:

Li Co®2 (85 %, carbon black (8 % and pol y(vinylidene fluoride) (7
% . The obtai ned cilrfant Wasnd Pl é@sheiteed when théf?@téﬂ%ﬂé!m betledN
doctor bl ade nethod and dried, to 15 t hereby obtain an Li CoO2 sheet
havi ng a thi cknestheofelectrodes hids [dsdteasddecobt a7 med LASOLPrsbget ¥aS
cut into a size of 2 cmx 2 cm On the other hand, the hybrid

pol yner - thec alleage M igchesipeetcyniep atesitimg Exbtpbes 2fo@sd Cthatnt 0
a size of 225 cmx 2.5 cm Then, the cut Li CoO2 sheet 20 was covered
with the cut hybrthe s¥isghange hangelgfificiency (ratise} .offhchdybiist

pol ynmeric el ectrol yte sheet was sandwi ched between the Li CoQ2
sheet and & netal¥cde was 85 %, @ndikhak, Wilkh pspegt ctoftlie coyslescm
(thi ckness: 19%5%6J442{ Thus, a lam nate structure conposed of a
25 posi tive 3HEH r {H; &@cle 4 e hisehargs/riraxge efficiency
124 el ectrqQl wte sh a negative_ el ectrod metal lic

lithium) was obt gl‘%r?é: ST |Snf\828?ss¥ FedfGreet TER S 4 shgwcthat this
termnals for takyitedseuld Uil WU repeatedly Tifadfl 35iq W th the

respective current co tors™o
discharged and hence operable as a secondary battery.

10

Example 15

In substantially the same manner as in Example 3,
powder of needle coke having an average diameter of
10 pm were mixed with a 5 % by weight solution of
15 polyvinylidene fluoride in NMP, to thereby obtain a
slurry [needle coke/polyvinylidene fluoride weight
ratio (dry weight) = 92/8]. The slurry was applied
onto a copper sheet by using a doctor blade, to thereby
obtain a film having a thickness of 120 pm. The ob-
20 tained film was cut into a size of 2 cm x 2 cm as a
needle coke electrode. On the other hand, the hybrid
polymeric electrolyte sheet obtained in Example 12 was
cut into a size of 2.3 cm x 2.3 cm. The cut hybrid
polymeric electrolyte sheet was sandwiched between the

25 needle coke electrode and the LiCoO, electrode obtained



5 the positive and negative el ectrodes of the above- obt ai ned
| am nate structure. The | am nate structure was then placed in a
seal abl e gl ass cell having inner electric termnals for taking a
current fromtHe | am - nate structure (hereinafter frequently
referred to 10 simply as "glass cell™ wherein the inner electric
termnals of the glass cell are connected {0 outer electric
termnals of the glass cell, and the electric termnals of the

lami nate structufg P?é@g%@”?%?tﬁﬂdtehe rgsrltahﬁeskEG%%u%Be%%Q‘5&&%@@ nal s

of the cell. The ce seal e n an argon atnosphere to obtain

a battery. at 120 °CTh€h8§Iaﬁgn89tE§h&ﬁby aaam3d waiec seducdureaiFe/
di scharge cycle testing (current density per surface area of the

el ectrodes: 3 mAeafiger bbkeUshBgadi¢Bakdbbgirode) / hybihidC paigmedidevi ce
(rmodel 101SM5, manufactured and sold 20 by Hokut o Denko Cor porati on,
Japan). The chaegiecgroiyte / LéfieDat i ppsiddveordecteddat) .a const ant
potential of 4.2 V. After the charging operation, the potentia
between 5 t he Bhecobtdésedf landnpiet styundure wag placeddiimglay,

it was confirmed that the battery was charged. The 25 di schar gi ng
operation was cogdaesegedl havdngt Apner electric terminals for taking a

125 current, and di sconti nyed when the potential between
the el ectrodes we4rgeBteiten theolaminake gtrughhreyr wherein the,dnner

CharQE/diSChargeeiégkgige%g%gghaig Q%Stgguggaggagell are connected to

outer electric terminals of the glass cell, and the

10 electric terminals of the laminate structure were
connected to the inner electric terminals of the cell.
The glass cell was sealed, thereby obtaining a battery.
The obtained battery was subjected to charge/discharge
cycle testing in the same manner as in Example 6,

15 except that the current density per surface area of the
electrodes was changed to 3 mA/cmz. As a result of the
charge/discharge cycle testing, it was found that the
discharge/charge efficiency (ratio) of the first cycle
was 81 %, and that, with respect to the cycles after

20 fhe first cycle, the discharge/charge efficiency
{ratio) was 98 % or more. These results show that this
battery is capable of being repeatedly charged and

discharged and hence operable as a second battery.

25 Comparative Example 3




t he di scharge/ charge efficiency (ratio) of the first 5 ~cycle was 85
% and that, with respect to the cycles after the first cycle, the
di scharge/ charge efficiency (ratio) was 88 % or nore. These
results show that this battery is capable of being repeatedly
charged and di scharged and hence ggfgable as a secondary battery.
10 Exanpl e 15 In su ntially the sanme manner as in
Exanpl e 3, powder of needl e coke having an average di aneter of

10 pmwvere mixed with fhe J8,0%: MEl U S9! 1880 Uned? of - PRLYYERYLIGENE
fluoride in NWP, to thereby obtaina slurry [needl e

coke/ pol yvi nyl i dggdy1uiid Afi iRl ilne fluoridd Adfoldher iolhd 5 £ri8k-
d t sheet Dby r

a
The slurry was appli e onto a copper using a docto

bl ade, to therebyess of 15@®RKimi Wﬁéﬂ'ﬂ&@@é&gzﬁréﬁﬁ%eﬁ? BfangPePin The
ob- 20 tained filmwas cut into a size of cmx 2 cmas a

needl e coke el ectwardeutOirithe Didiete NG diee hy/Ehd The cut PEbYSBFhEL
el ectrolyte sheet obtained in Exanple 12 was cut into a size of 2.3

cmx 2.3 cfn The shetethyias dlaced in polmyinerire a0 ahlytef sheetond@Sand
sandwi ched between the 25 needl e coke el ectrode and the Li CoO2
el ectrode obtai né® ml of a non-aqueous electrolytic solution I@6tained

in Exanple 14, and the resultant structure was heated ___at 120
[err] C, thereby &bt &ifiseyvangdiiidiams thefetaflaqoborate (IniRky b toka
(negative 6|ECtr%&§gd JQQ¥QA¥‘%¥’Q¥ﬂ§fEne carbonate (EC) and propylene
carbonate (PC) (EC/PC weight ratio = 1/1, and LiBF4
10 concentration: 1 mol/liter), and kept therein for 24
hours at room temperature so as to impregnate the cut
copolymer sheet with the mixture of the acetone and the
non-aqueous electrolytic solution, thereby obtaining a
swollen sheet. The obtained swollen sheet was main-
15 tained at 15 °C under a pressure of 1073 Torr for 30
minutes so as to remove the acetone, thereby obtaining
a polymeric electrolyte sheet. The obtained polymeric
electrolyte sheet had a thickness of 160 pm and a size
of 5.2 cm x 5.2 cm.
20 The sheet was sandwiched between two stainless
steel sheets, thereby obtaining a laminate structure.
The sandwiched sheet was subjected to measurement of an
alternating-current impedance, using two stainless

steel sheets as electrodes. The ionic conductivity of

25 the laminate structure was calculated from the real



el ectrolyte / LiCoO2 (positive el ectrode). 5 The obt ai ned

| am nate structure was placed in a gl ass cell having inner electric
termnals for taking a current fromthe lam nate structure, wherein
the inner * * electric termnals of the glass cell are connected to
outer electric termnals of the glass celllzgnd the 10 el ectric
termnals of the lam nate structure were connected to the inner
electric termnals of the cell. The gl ass cell was seal ed, thereby

obtaining a battgoyy of tgﬁcfgﬂﬁlghtihﬂggagﬁbt%ﬁ%f@%@e%ughﬁQﬁﬁngQm of

char ge/ di schar ge esting in e sane manner as 1 n Exanple 6,
15 except thatchbig-edibeptiodenshky aPebstdhf, 24® #a@a fHurld'&hat the

el ectrodes was changed to 3 md¥cnferr]. As a result of the

char ge/ di schar gejepebecbagubegvity was “oung tha® syem.

di scharge/ charge efficiency (ratio) of the first cycle was 81 %
and that, with respect to the cycles after 20 the first cycle, the

di scharge/ charge efficiency (ratio) was 98 % or nore. These results
show that 3 his ComparapdveeExampleagabl e of being repeatedly charged and
di scharged and hence operable as a second battery. 25 Conparative
Exanpl e 3 1.5 g of a powder of hexafluoroprppylene/vinyli- The
non-irradi ated nol ded sheet of a hexafl uoro- pr opyl ene/ vi nyl i dene

fl uori de copolyn@?nﬁa§FH@r§d?hP8291Ymer (hexafluoropropylene content:

12 % by weight) was mixed with a mixture of 10 ml of
acetone and 5§ g of a non-aqueous electrolytic solution

10 obtained by dissolving lithium tetrafluoroborate
(LiBF4) in a mixed solvent of ethylene carbonate (EC)
and propylene carbonate (PC) (EC/PC weight ratio = 1/1,
and LiBF, concentration: 1 mol/liter), and the whole
was allowed to stand at 40 °C for 24 hours to thereby

15 obtain a homogeneous solution. The obtained homogene-
ous solution was cast on a stainless sheet and kept
thereon in a flow of argon gas for 10 minutes so as to
evaporate the acetone, thereby obtaining a film.
Further, the film was maintained on the stainless sheet

20 at room temperature under a pressure of 10~3 Torr for
30 minutes. The resultant film had a thickness of
about 250 pm. The film was very flexible and easily
distorted, so that it was impossible to measure the
thickness of the film accurately.

25 The amount of the non-aqueous electrolytic solu-



ness of 150 pm which had been prepared in Exanple 1, was cut into
a size of 5cmx 5 cm The cut copol yner 5 sheet was placed in a

m xture of 50 m of acetone and 50 m of a non-aqueous

el ectrol ytic sol ution obtai ned : by di ssolving lithium
tetrafluoroborate (LiBF4) in a niﬁ % sol vent of ethyl ene carbonate
(EC) and propyl ene carbonate (PO ? C/ PC weight ratio = 1/1, and
LiBF4 10 concentration: 1 nol/liter), and kept therein for 24

hours at roomte a S ;1.0 4 at e t . ol yner
sheet with the n?ggérégéiag gaa%étg%ngﬁgﬂEhgs &3 %u%y ﬁgﬁﬁgﬁhegﬁg

el ectrol ytic sol gh@nmsHBE SQ%’tHQE%?&E%@i?erric analér‘é‘i[ ld.en sheet. The

obt ai ned swol | en sheet was nai n- ained at 1 err] C under a

pressure of 10[err] Thi1EO0kedBing the fAIAULES the talit 1l \chddis,
acetone, thereby obtaining a polyneric electrolyte sheet. The

obt ai ned pol yner kfiother stagh@ebsokhbetshest phedsed kigaitras e ipdssd ] m
and a size of 5,2 cmx 5.2 cm 20 The sheet was

sandwi ched bet wesnrfacesbdi thes€ilm, thersbgelobdiadeting tehdrashiynadis ai ni ng a
| am nate structure. The sandwi ched sheet was subjected to

measur enent of agtructure int whighi fipec fidenwaismsaddwiched bafwaan the

st ai nl ess steel sheets as el ectrodes. The ionic conductivity of 25
the | am nate strtwpupéakadess sheated f Tbe spadwighed film was subject-

128 part .of the conpl ex inpedance expressed in the form of
a Col e- Col e pl ot ®dakoamegsyrement Qs an,gdd tingscurrent impedance,

using two stainless sheets as electrodes. As a result,
10 a short circuiting occurred between the stainless
sheets, so that it was impossible to measure the alter-

nating-current impedance.

Example 16

15 A 10 % by weight solution of polyethylene oxide (vis-
cosity average molecular weight: 1,000,000, manufac-
tured an sold by Aldrich, U.S.A.) in methylene chloride
was cast onto a glass plate, thereby obtaining a cast
sheet having a thickness of 160 pm. The obtained sheet

20 was irradiated with electron beams so that the irradia-
tion dose became 15 Mrads. The sheet was immersed in a
mixture of flon HFC-134 and water in a vessel in sub-
stantially the same manner as in Example 1 so as to
impregnate the sheet with the mixture of flion HFC-134a

25 and water. Subsequently, the sheet was taken out from



lonic conductivity was 4.1 x 10-6 S/cm 5 Conpar ati ve Exanple 4
1.5 g of a powder of hexafl uoropropyl ene/vinyli - dene fluoride
copol ymer (hexafl uoropropyl ene content: 12 % by wei ght) was m xed
with a mxXture‘of 10 m of acetone and 5 g of a non-aqueous
electrolytic solution 10 obt ai ned by géésolving l'i thium

tetrafl uoroborate (LiBF4) in a m xed solvent of ethylene carbonate
(EO and propyl ene carbonate (PC) (EC/ PC weight ratio = 1/1,

and Li BF4 Concenf%étéé@éei %&’iﬁh&é%atéﬁ? h88t¥ROLE 100 °c (¥@Enakkoved to
r y 15

stand at 40 [er for 24 hours to there obtain a honogeneous

sol ution. The bOLSHPEVILOE- °C) for 20USe8BhHE, ORNMRELYAELARA N
st ai nl ess sheet and kept thereon in a flow of argon gas for 10

mnutes so as tothe sheet€¥d8PebBaent Aefashéa@nshebichabyingbhaithlibgnask | m
Further, the fil mwas maintained on the stainless sheet 20 at room
t enper at ure undesf a220 epur Bhef valimeer pefoentbge of the clOsemdnaedds The
resultant filmhad a thickness of about 250 [err]m The filmwas
very fl exBbl e ancombaihgd in the fosmedtsheetowakab3i #.was i npossible to
measure the t hi ckness of the filmaccurately. 25 The
amount of the non- aguBd@sfesdedrghoetcwag| placed in a non-aqueous

129 tion contained in the filmwas 63 @bbx.mei ht, as.
electrolytic solution obtained by dissolving LiPFg in a

mixed solvent of ethylene carbonate (EC) and propylene
carbonate (PC) (EC/PC weight ratio = 1/1, and LiPFg

10 concentration: 1 mol/liter), and kept therein for 3
hours at 60 °C so as to impregnate the foamed sheet
with the non-agqueous electrolytic solution, thereby
obtaining a swollen foamed sheet as a hybrid polymeric
electrolyte.

15 The amount of the non-agueous electrolytic solu-
tion in the hybrid polymeric electrolyte was 70 % by
weight, as calculated from the weight difference bet-
ween the foamed sheet (before the impregnation of the
non-agueous electrolytic solution) and the hybrid

20 polymeric electrolyte.

A sample for observing cross-sections was obtained
from the hybrid polymeric electrolyte sheet in substan-
tially the same ménner as in Example 1, and each of the
first, second and third cross-sections of the sample

25 was examined. As a result, in the first, second and



determ ned by thernogravinetric anal ysis. Wi | e keeping the
filmon the stainless sheet, anot her stainless sheet was pressed
agai nst the exposed 5 surface of the film thereby obtaining a

| am nate ° " structure in which the filmwas sandwi ched between the
two stainless sheets. The sandw ched filn1g§£ksubject- ed to
measurenent of an alternating-current inpe using two
stai nl ess sheets as el ectrodes. As a result, a short C|rCU|t|ng

occurred bet veen r1%:?tcﬁ:ldgs‘eSs.tsec'l:lons of h&g s?ig‘??lé aélféuf@is %%,—;I'bl e to

neasure the alter- ng- curr le 16

I
o e ecu ar vvel ght {&ﬁdggb OO(F)H&Xﬁ eVW;}J'C(:-)I)I(I"Sj(gréVﬁéldc'f';lnrlllséol d

cosity average m)l ture

by Aldrich, U S fisgetrda M e Qiﬂr?tf:ﬂ%us s501id Ve & Sdod R, 3a Qg ass

pl at e, thereby obt ai ni ng a cast sheet having a thi ckness of 160
[err]m The obt aicaeth $hePta sAke of Wason FZSiCitdittijMtih et&Ehs ObE DERES SO
that the irradia- tion dose becane 15 Mads. The sheet was i mersed
in a 5 ni xawerage MadmeHe®E vk drishgiadeirs iand stessel axis sob-each
stantially the same manner as in Exanple 1 so as to | mpregnate the
sheet with the ndomadm,ofwetepolge@vidia IS he fiarst weterond Samd echibnd | y,

t he sheet was taken out from 130

the vessel and i FFoFsas@ctiong af dihel Gpnrde,| the pergantages of the

total cross-sectional areas of the liquid-phase domains
were, respectively, 33 %, 25 $ and 35 %, based on the

10 area of each cross-section of the sample. From the
results, it was found that the volume percentage of
the liquid-phase domains in the hybrid polymeric elec-
trolyte was 31 %. It was also found that any of the
first, second and third cross-sections of the sample

15 showed no liquid-phase domain communicating with the
original.surface of the sheet.

A sample of hybrid-polymeric electrolyte was
sandwiched between a stainless-steel sheet and metallic
lithium sheets in substantially the same manner as in

20 Example 1. The oxidation-reduction stability of the
hybrid polymeric electrolyte was evaluated by cyclic
voltammetry over a sweep potential range of from 0 to
5 V. As a result, it was found that, due to reduction,
current peaks were observed at the potential of 1.2 V

25 (at which the current peak was 1.9 times as high as the



tenperature: 100 [err]C) for 20 seconds, thereby foam ng t he sheet

to obtain a foaned sheet having a thickness of 220 [err]m The

vol une percentage of the closed cells 5 contained in the foamed sheet
was 63 % ° The foanmed sheet was placed in a non-aqueous

el ectrolytic solution obtained by dissolvi LiPF6 in a m xed

sol vent of ethylene carbonate (EC) and progg?ene carbonate (PC)
(EC/ PC weight ratio = 1/1, and LiPF6 10 concentration: 1 nol/liter),

o s hear ! bddkgfoyna curedRE) Safh 60 AL perBRLAa1! Br BRTCUNR LA Ne

f oamed sheet non- aqueous el ect tic solution by

obtaining a swollen doensdahees '@\§18ehXQrh?gﬂoé¥n€ﬁécbacf:grounﬁl gekLol vte.

15 The anmount he non-aqueous eléectrolytic so tion

in the hybrid poleweyic eLeghsolyss f@ﬁnaotﬂ%@y due to o¥@H&Rion2Sthe
cal culated fromthe weight difference bet- ween the foaned sheet

(before the i nprogneéne®waé ik€reased inNtheafutetisialeghngbybiec4sal ytion)
and the hybrid 20 pol ynmeric el ectrol yte. A sanpl e for
obser vi ngscr oss-cediiginsr washebtarnedt at the poventhelhplir Ad2p¥l wasri c
el ectrol yte sheet in substan- tially the same manner as in Exanple
1, and each of ttwice as highras, thecbadkgndundli currents.sefheomesufltshe
sanple 25 was exam ned. As a result, in the first, second and
131 indicate that the hybrid polymeric electrolyte is

electrochemically stable over the potential range of

from 0.7 to 4.2 V.

1o The sample of the hybrid polymeric electrolyte

sheet was sandwiched between two stainless steel

sheets, and subjected to measurement of an alternating-

current impedance. As a result, it was found that the

ionic conductivity was 1.8 x 10"3 S/cm.

15
Example 17
A 10 % by weight solution of acrylonitrile-styrene
copolymer (acrylnitrile content: 45 mol %) in methy-
lene chloride was cast onto a glass plate, thereby
20 obtaining a sheet having a thickness of 120 um. The

obtained sheet was irradiated with electron beams so
that the irradiation dose became 15 Mrads. The sheet
was immersed in a mixture of flon HFC-134a and water
(flon/water mixture content in the resultant impregnat-

25 = ed sheet: 7 % by weight) in a vessel in substantially



third cross-sections of the sanple, circular cross- sections of

| i qui d- phase donai ns, which were uniformy di spersed in the

conti nuous solid-phase donain, and each had a size of from25 to
40 [err]min teinms of the 5 average val ue of the long axis and short
axi s of each domai n, were observed. the first, second and third
cross-sections of the sanple, the percenta of the t ot al
cross-sectional areas of t he i qui d- phase donai ns wer e,

ively, 9 h
::rezgg(:ts:a\étel )c/)n of e sarrpl e. r?%c?rﬁ Pﬁ?%ﬂbf&ﬁr e%gl?s tg i} ]geq aﬁ%l et
the vol ume perce@mﬁc With flon ﬁﬁ@aléﬂ"&x&%&ﬁdsﬁoun dé\x#ﬂflgybéﬁ

pol ymeric el ec- trolyte was 31 % It was ny of fhe

first, second anghickity thad AekeT L GUPErdd HHE VHBUE ad® imme
I|qU|d phase domai n comuni cating with the original surfacé of t he

sheet . heatedA (Faiflated Frdipddtbyrd sy S0 ¢ @) eﬂiﬁ Ay fedmds,

sandwi ched between a stainless-steel sheet and netalli l'i t hi um
sheets i n Subst arthieaieby tfvanrsage thenmsdreets to ot¥fhin a Eﬂmfmtce sheet/he

oxi dation-reduction stability of the hybrid pol yneric electrolyte
was eval uat ed byh@V(;Llngc a thickness tsfmiQ oy dthen woiaee modntdge anfje of
fromO to 5V. As aresult, it was found that, due to reduction,
current peaks weit@eobd@sesy oallsheqntadmeady|inpfthe foamsl sheqtatwashi ch t he

current peak was % % times as high as the
132 68 3.

The foamed sheet was placed in a non-aqueous
10 electrolytic solution obtained by dissolving LiPFg in a
mixed solvent composed of ethylene carbonate (EC) and
propylene carbonate (PC) (EC/PC weight ratio = 1:1, and
LIPF6 concentration: 1 mol/liter), and kept therein for
3 hours at 60 °C so as to impregnate the foamed sheet
15 with the non-aqueous electrolytic solution, thereby
obtaining a swollen foamed sheet as a hybrid polymeric
electrolyte.
The amount of the non-aqueous electrolytic solu-
tion in the hybrid polymeric electrolyte was 86 % by
20 weight, as calculated from the weight difference bet-
ween the foamed sheet (before the impregnation of the
non-aqueous electrolytic solution) and the hybrid
polymeric electrolyte.
A sample for observing cross-sections was obtained

25 from the hybrid polymeric electrolyte sheet in substan-



background current) and at the potential of 0.7 V (the current peak
was twi ce as high as the background cur- rent). It was al so found
that, due to oxidation, the current was increased in the potential
range of 42V 5 or higher (the current at the potential of 4.2 V was
twi ce as high as the background current). T¥§ results I ndi cate that
the hybrid polyneric electrolyte is ?ectrochenically st abl e over
the potential range of fromO0.7 to 4.2 V. 10 The sanpl e

of the hybrid polymii¢ S&Cldil ihnner as 1RMEELYES $AN0NLCLEMRDEE1ERD

two stainless steel sheets, and subject measur enen

al ternating- firstUrd&Mdnd "Bl apkfra ASrdss E8dbtiohs ¥RSthauldmphat the
ionic conductivity was 1.8 x 10[err] S/cm 15 Exanmpl e 17

A 10 % by wei ght vwems wsiamtimdd ACTad cili feshBEStIhetRe first, §886hH"BHA
(acrylnitrile content: 45 nmol % in nethy- l'ene chloride was cast

onto a glass pl atthitdermhys-ction®bbhi thagsanshept chipwubgractbisgkness of

120 [err]m The obt ai ned sheet was irradiated with el ectron beans

SO 5t hat tdectionslief | biquibd-eplmeandoidids adshidhewsheetiniformly was

imersed in a mxture of flon HFC 134a and water (flop/mater

m xture content i apgcsed in sthe epntiprous $elid-phasehdenaiin, *ahg

wei ght) in a vessel in substantially .

133 each had a size of from 30 to 45 um in terms of the
average value of the long axis and short axis of each
domain, were observed. In the first, second and third

10 cross-sections of the sample, the percentages of the
total cross-sectional areas of the liquid-phase domains
were, respectively, 63 %, 52 % and 65 %, based on the
area of each cross-section of the sample. From the
results, it was found that the volume percentage of the

15 -liquid-phase domains of the hybrid polymeric electro-
lyte was 60 3. It was also found that any of the
first, second and third cross-sections of the sample
showed no liquid-phase domain communicating with the
original surface of the sheet. Subsequently, the

20 hybrid polymeric electrolyte was subjected to measure-
ment of water permeability in +the same maner as in
Example 1. As a result, it was found that the hybrid
polymeric electrolyte had no water permeability.

A sample of hybrid-polymeric electrolyte was

25 sandwiched between a stainless-steel sheet and metallic



the sane manner as in Exanple 1 so as to inpregnate the sheet with
fl on HFC-134a and water. Subsequently, the sheet was taken out
fromthe vessel and inmediately heated (furnace tenperature: 150
[err]C) for 20 ‘seconds, 5 t hereby foam ng the sheet to obtain a

f oaned sheet havi ng a thi ckness of 1380 pm The vol ume percent age of
the closed cells contained in the foaned sheet was 68 %

The foamed sheet was placed in a non-aqueous 10 el ectrolytic solution
obt ai ned by di sshithihigmLsRE6tsnia substantieldy shlevsmimec ampesed ag in

et hyl ene carbonate (EC) and propyl ene carbonate (PC) (EC PC wei ght
ratio = 1:1, andExample 1L| PEBecordidatian-reduttioh |steddlitandikdite
therein for 3 hours at 60 [err]C so as to inpregnate the foaned
sheet 15 wi hybrid podyvmgudcuslectrolyter wassevgliveted ar aiyplic
obtaining a swollen foanmed sheet as a hybrid polymeric el ectrol yte.
The anount of t hBOASAMREHEEBUSVEFedt FUPEP Podsntial range ofpfnap thedthybrid

polymeric electrolyte was 86 % 20 i ght ,.as cal culated fromthe
wei ght di 5 erencg Het-AS a res eanh@aFogﬁﬂggsﬁ e ( el uction,

b egnat 1O of L0 cnrrene. WEB, AHER4BY TR ROl MR ",

cross-secti ons g, g0t 2h180028 v (thbOBukIBAR MY drlOPUTRHG L 55 Ple/F
was twice as high as the background current). It was
also found that, due to oxidation, the current was

10 increased in the potentail range of 4.6 V or higher
(the current at the potential of 4.6 V was twice as
high as the background current). This indicates that
the hybrid polymeric electrolyte'is electrochemically
stable over the potentail range of from 0.6 to 4.6 V.

15 The sample of the hybrid polymeric electrolyte
sheet was sandwiched between two stainless steel
sheets, and subjected to measurement of an alternating-
current impedance. As a result, it was found that the
ionic conductivity was 1.8 x 10~3 S/cm.

20

Comparative Example 5

A polystyrene sheet having a thickness of 100 um
was brought into contact with sulfuric acid anhydride
gas at room temperature for 3 hours using vacuum-line,

25  to thereby effect sulfonation of the polystyrene sheet.



tially the same manner as in Exanple 1, and each of-the first,
second and third cross-sections of the sanple was exam ned. As a
result, in the first, second and third cross-sections of the
sanpl e, cirfcular cross- 5 sections of |iquid-phase donains, which
were uniformy di spersed in the copgignuous solid-phase donmain, and
each had a size of from30 to 45 pmin terns of the aver age val ue
of the long axis and short axis of each domai n, were observed. In

the first, secondrrdiddbddbe 1bh wei§hOSSe SERE 80 r8haths ﬁaﬂ%‘éyrhhg
per cent ages of the total cross-sectional areas of the |1Tquld-phase

domai ns . RSt WaESDEEtS VS Ywefght) 52 b psE18Be0 £P8ne€n8NwERght
area of each cross-section of the sanple. Fromthe results, I't was

found that the vdifftepmoebegeeat the pdbystyréhgusHegbaserdegnang of the
hybrid pol yneric el ectro- lyte was 60 % It was al so found that
any of the aftey rsnl forabvinh affthisi imdicates sthat ods86f subfonsapl e
showed no i qui d-phase domai n communi cating with the origina
surface of5the sifsEd WMsejirmiigtrodice@per sthybene woiyieri 3fter

el ectrolyte was subjected tqQ nmeasure- ment of water perneability in
the sane nmaner as™Mersing thengphfonateqpelystyrene|shogt inuptopyienene

hybri d pol ric electrolyte had no water perneability. )
A sanpl e of hybr i FEPRHE ¢ e%{%# yias \gandwiched %%ﬁW%héﬂobé‘F%én a

igginless-steel 3@%§_§¥g£fn§ﬁgéééi and subjected to measurement of an

alternating-current impedance. The measurement was

10 difficult due to high impedance (ionic conductivity was
below 10~8 S/cm). The sulfonated polystyrene sheet was
immersed in a 1 mol/liter non-agueous electrolytic
solution of LiBF, in polypropylene carbonate, and the
ionic conductivity was measured in substantially the

15 same manner as mentioned-above. As a result, the ionic
conductivity was 4x10'7 S/cm.

Only a small change in weight of the sulfonated
polystyrene sheet was observed after immersing the
sheet in the non-aqueous electrolytic solution, and the

20 content of the non-aqueous electrolytic solution in the
sheet, as calculated from the weight increase of the
sheet, was 2 % by weight;

A sample of the sulfonated polystyrene sheet was

sandwiched between a stainless-steel sheet and a metal-

25 lic lithium sheet in substantially the same manner as



lithiumsheets in substantially the same manner as in Exanmple 1
The oxi dation-reduction stability of the hybrid pol yneric

el ectrolyte was eval uated by cyclic vol tammetry over a sweep
potential fange®of fromO to 5 5SV. As aresult, it was found that,
due to reduction, t he current was iﬂ?%eased in the potentail range
of | ower than 0.6 V (the current at e potential of 0.6 V

was twi ce as high as the background current). It was ~also found
that, due to oxi d@f iE¥amdIEe LU MGH PeRIatibn-reddStEE5 a1 pgge'gfx%' |
range of 4.6 V or higher (the current at the potential of 4.

was twice as obtaiﬁa&mya&it&]q)dlgﬁk&wr&é‘@ﬁf@nf&e EAT Sex'ré?ﬁh&é%&Sb{rhat
the hybrid polyneric electrolyte is electrochemcally st abl e Over
the potentail raegeldic MolBdmetar bverV.a sieep potentildle Sangé copf £1-68
hybrid pol yneric electrolyte sheet was sandw ched between two
stainl ess steel 0 to 5 Wwhedts,a amabwlih) eictt arhd of daad UEIeHENtA0E BO

al ternating- ' current inpedance. As a result, it was found that the
i oni ¢ conducti vi Mpdnesiprg curdjearl [peSkanwerd® observed Gotipthat potefxanpl e
5 A pol ystyrene sheet having a thickness of 100 [err]m

was brought into &St Wth w@adurdi -6 ati (@ tanhyieh dehe currenygsealksroom

tenperature for 3 hours using vacuumline, 25 . to thereby effect
sul fonat i on of t WE*Foldy Sy d{&s as high as the background

current). It was also found that, due to oxidation,
the current was in a potential range of 2.9 V or higher
10 (the current at the potential of 2.9 V was twice as
high as the background current, and the current at a
potential of higher than 2.9 V increased more). The
results indicate that the sulfonated polystyrene is
electrochemically stable only over the potential range

15 as narrow as from 2.3 to 2.9 V.

Comparative Example 6

100 m1 of a 10 ¥ by weight solution of polyur-
ethane (a polymer having an average molecular weight of
20 11,000, prepared by reacting ethylene glycol having a
molecular weight of 600 and hexamethylene diisocyanate)
in toluene was cast onto a glass plate, thereby obtain-
ing a sheet having a thickness of 80 pm. The sheet was
sandwiched between the stainless-steel sheets and

25 immersed in a 1 mol/liter non-aqueous electrolytic



136 The increase in weight of the sulfonated pol ystyrene

sheet was 64 % by weight, as calculated fromthe weight di fference
bet ween the pol ystyrene sheet before and after sulfonation (This

i ndicates that 0.85 sulfonic 5 acid group was introduced per styrene
unit). After i mersing the sul fonpded pol ystyrene sheet in

pr opyl ene carbonate, the sheet was sandw ched between two stain-

| ess steel sheets, and subjected to nmeasurenent of an

al ternating-cur rgail_dﬁmdaqu,igﬂq@ iR GSE s EMNe Wasrbdlate ifl éfg%;ﬂ#é due to
hi gh i npedance (ionic conductivity was bel ow 10[ err] cm. The

sul fonat ed pol ysicgldne diteetresifltant sheet Was S@gbjécted 68! thétSbten-

non- aqueous el ectrol ytic solution of LiBF4 in polypropyl ene
carbonate, and tHdal sweep hyriyelciandushtamnnetyns( nebstence | @lectrode:
substantially the 15 same manner as nentioned-above. As a result, the
ionic coedirdtling thi theisumx H0f érhg ddass cell over a swép ypatenal |
change in weight of the sulfonated pol ystyrene sheet was observed
after imersing i@l range ofhdxon © thee ok aecusreswkt r ol ytwas sHoundon,
and the 20 content of the non-aqueous electrolytic solution in the
sheet, as cal cul ﬁ’é‘d:'f O 9% TRAWHLQc e RlanFlite of currenhapeaksas 2 %
by wei ght. A _sanpl.e qf the sulfonated pol ystyrene sheet was
sandwi ched bet weSF*8 SPHSHVES 1t dhe fatan Tangey et é?m 0 $9c21Ythi um

sheet in subst ant('aQ:I IIXBt IQP, %@Ecrﬁ%rf%%t apseak was 3 times as high as the

background current, at 1.5 V, the current peak was 5

10 times as high as the background current and at 1.2 v,
the current peak was 3 times as high as the background
current), and in the potential range of less than 0.9
V, due to reduction, the current was increased (the
current at the potential of 0.9 V was twice as high as

15 the background current). It.was also found that, in
the range of from 3 to 5 V, due to oxidation, the
current peak is observed at the potential of 3.1 V (at
which the current was twice ‘as high as the background
.current) and the current was increased in the potential

20 range of 4.1 V or higher (the current at the potential
of 4.1 V is twice as high as the background current).
This indicates that a redox reaction is likely to occur
in the case of a hybrid polymeric electrolyte prepared
using polyurethane, so that this hybrid polymeric-

25 electrolyte is electrochemically unstable (The electro-



137 in Exanple 1. The oxidation-reduction stability of the
obt ai ned hybrid polyneric electrolyte was eval uated by cyclic
vol tammet er over a sweep potential range of from 0Oto5V. As a
result, it was found that, due to 5 reduction, current peaks were
observed at the poten- tials of 2.33¢ and 1.5 V (at which the
current peaks were 3 or nore tinmes as high as the background
current). It was al so found that, due to oxidation, the current
was in a potenti athénti@Rl B} Sedbie M1db-eh6thenfcal wih8wCYEr 8Bt £3bnt he
potential of 2.9 V was tw ce as hi gh as the background current,
and the current da.85 V to 3.1 pp)entomltié SERELrhaha) whénVai pelgE38Ero-
nore). The results indicate that the sul fonated pol ystyrene is
el ect rocheni cal | wigtydbidenm | shewier ( tibcknéeai i 90 pmhorvas 1drradiasedaihow as
from2.3 to 2.9 V. Conpar ati ve Exanple 6 100 m of a
10 % by wei ght sctuhstantially ythe same manmehahirfadpetioerdbaging an
average nol ecul ar wei ght of 20 11, 000, prepared by reacting ethyl ene
gl ycol havsng a 10 Mradsp|and|e#idatipn-etd@obiondsbekibityyvesceval -
di i socyanat e) i n tg{uene was cast onto a glass plate, thereby
obt ai n- URFed it dthe fATMR) BANNRT @R JleRFigned nabavie. shRst awas
sandw ched betmeené%gﬁ:sta%nless-stqfl sheets and 25 inmersed in_al
g1

mol /liter non-aq&i o r%ﬁiﬂﬁqy that no current peak due to oxida-
tion or reduction was observed in the potential range
of from 0.7 to 5 V.
10

Example 18

A powder of vinylidenefluoride/hexafluoropropylene
copolymer (hexafluoropropylene content: 5 $ by weight)
was dissolved in NMP, thereby obtaining a 15 % by

15 weight solution of solid polymer. The above-mentioned
NMP solution of polyvinylidene was added to a powder of
needle coke, thereby obtaining a slurry [mixing ratio
in dry weight: needle coke (85 %):polymer (15 %)]. The
obtained slurry was applied onto a metallic copper

20 sheet (thickness: 15 um) according to doctor blade
method, thereby obtaining a film (electrode layer)
having a thickness of 120 uym. The volume percentége of
the closed cells contained in the film was 30%, based
on the volume of the copolymer component, and the

25 volume percantage of the solid components was 70 %.



138 solution of LiBF4 in propylene carbonate in a gl ass

cell. The resultant sheet was subjected to the poten- tial sweep

by cyclic voltammetry (reference el ectrode: metallic lithiun in

the gl ass cell ‘over a sweep poten- 5 tial range of from0O to 5 V. As

aresult, it was found t hat, due t eduction, a plurality of

current peaks were observed in the potential range of fromO to 2
(at 1.8 V, the current peak was 3 tines as high as the

backgr ound currephe 341k Ra¥ p&%s@w ﬁﬁiaezp@@sﬁﬂfasbh%rekgz obtdirn®sg as hi gh

as the background current and at 1.2V, the current peak was 3

times as high asfihg haeﬁggounihlckness RS tgm (@ ivoluiee ndeddnet
range of |ess than 0.9 V, due to reduction, the current was

i ncreased (the age of closedntedfl:t 20 got.entribs aﬁtdiﬂbd/sheeﬁvwme as high
as 15 t he background current). It was also found that, in

t he range of frodrfatida®ed widh edewtirdet beams s that the cinrradiatpbak s
observed at the potential of 3.1 V (at whi ch the current was tw ce
as high as$ the bdokgr benrame 10 Mradsurr e sheeth was mmensedsin rer eased
in the potential 20 range of 4.1 V or higher (the current_at the

pot enti al migiuze) of iEdopHFE-dS4a gnhyateF vt iyrmArPuitent).

This indicates that a redox_reaction is I|keuy t o occur |n the case
of a hybrid pol yREPFEaBRAGLLY] JP8 sRmisamapner as i &xampis 4, 5% s

hat his hyorid, polyrRnie 025 omemc® T it st U SR
{flon/water mixture content in the resultant impregnat-
10 ed sheet: 10 % by weight). Subsequently, the sheet was
taken out from the vessel and immediately heated at 180
°C (furnace temperature: 180 °C) for 10 seconds, there-
by foaming the sheet to obtain an electrode sheet
having a thickness of 120 um. The expansion ratio of
15 the polymer was approximately 2 times, and the volume
percentage of the closed cells contained in the elec-

trode sheet was 50 %, based on the entire volume of the

foamed polymer.

20 Example 19

A mixture of lithium hydroxide and cobalt oxide in
equimolar amounts was heated at 750 °C for 5 hours,
thereby obtaining LiCoO, powder having an average
particle diameter of 10 pm. The obtained powder and

25 carbon black were dispersed in a 10 $ by weight solu-



139 chem cally stable el ectrochem cal windowis of from

1.85 Vto 3.1V). On the other hand, when a pol yfl uoro- vi nyl i dene
sheet (thickness: 90 pm) was irradiated in substantially the sanme
manner (irfadi ation dose: 5 10 Mads) and oxi dation-reduction
stability was eval - uated in the manner as menti oned above.
As a result, it was found that no current peak due to oxida-

tion or reduction was observed in the potential range of fromO0.7

to5 V. 10 tion BB Eirvl.@fxyldenefluorlde A(W OEiur’:aha Chemical
vi nyl i denef | uori de/ hexaf I"'uoropr opyl ene copo

(hexaf | uor opr opy lreidRisRaR . dh bygaphtin NMP, so w&tdtﬁé%yﬁémadNNP
thereby obtaining a 15 % by 15 wei ght solution of solid pol ymer. The

above-nentioned slurry haddVR seilid aonffoqinton nyf i 8@ne MEcoesldes 40 a
powder of needl e coke, thereby obtaining a slurry [mxing ratio

in dry wei ght: needbercdladk8mar 1|y molyndr 9 |Thd hsbtained slabtyi vwad
slurry was applied onto a netallic copper 20 sheet (thickness: 15
[err]m ac®ordi ng@Ppdigsctomytaland@luminum fagtdhodthidkmesdsy: obd gum) ngca fil m
(el ectrode | ayer) havi ng a thickness of 120 pm The vol une

percent age of . cording g |desd@r hiliade sathadhd ‘Fhﬁlt‘ePhY fobrariRing0ss based

on the volune of the copalyner conmponent, and the 25 vol une percent age
of the solid COﬂﬁBﬂ@hf@P % ﬁbtggginess of 110 ym. The volume pé;cent- J

age of closed cells contained in the film was 33 %,
based on the entire volume of the polymer, and the
10 volume percentage of solid components of the obtained
film was 67 %. The film was subjected to roll pressing
under heat, thereby obtaining a film having a thickness
of 103 pm, (the volume percentage of closed cell:
28 %). The obtained sheet was irradiated with electron
15 beams so that the irradiation dose became 10 Mrads.
The sheet was immersed in a mixture of flon HFC-134a
and water in vessel in substantially the same manner as
in Example 1, so as to impregnate the sheet with flon
HFC-1345 and water (flon/water mixture content in the
20 resultant impregnated sheet: 10 % by weight). - Substan-
tially, the sheet was taken out from the vessel and
immediately heated at 180 °C (furnace temperature: 180
°C) for 10 seconds, thereby foaming the sheet to obtain
an electrode sheet having a thickness of 121 um. The

25 expansion ratio of the polymer was approximately 2



140 The fil mwas pressed under heat, thereby obtaining a
filmbhaving a thickness of 105 [err]m (the vol une percent- age of
closed cell: 20 % . The obtained sheet was irradiated with el ectron
beans so that the irradiation 5 dose becane 10 Mads. The sheet was
I mersed in a m xture of flon HFC-%%%@ and water in a vessel in
substantially the sane manner as in Exanple so as to | npregnat e
the sheet with flon HFC 134a and water (flon/water m xture content

in the resul tant ;pRLLIRAT thi) volunkd peiR@int %bHOEME I diBded cells
Subsequently, the sheet was taken out fromthe vessel and

i medi atel y heat gndbhihd@ in the d1Rdtrodd WHERAE v B & Uneasddon etlig )
for 10 seconds, there- by foam ng the sheet to obtain an el ectrode

sheet havnrgre ol sf dhel Hdbdmyd Jpolyhleer expansion ratio of 15
t he pol yner was approximately 2 times, and the vol une per cent age of
the closed cells contained in the el ec- trode sheet was 50 % based
on the entire volune of the f oamed pol yner. 20 Exanpl e 19

A mixture of |it Ex@mpdedi2i de and cobalt oxide in equi nol ar
anounts was heated at 750 [err]C for 5 hours, therer obt ai ni ng

Li CoO2 powder havi ng &nPfigvdgylidene fluguide poydart@Fbi0do rerage

. . : 5 ,
ggfﬁined powder %%%tigie digﬁﬂ%g%l*%6%”;&?”;;&25%5%&%2&'ghéiéé&aﬁgy wei ght

Kureha Kagaku Kogyo Co., Ltd., Japan) was immersed in a
mixture of flon HFCl34a and water in a vessel in sub-

10 stantially the same manner as in Example 1 so as to
impregnate the powder with the mixture of flon HFCl34a
and water (flon/water mixture content in the resultant
impregnated powder: 10 % by weight). Subsequently, the
powder was taken out from the vessel and immediately

15 heated at 180 °C (furnace temperature: 200 °C) for 1
minute,lthereby foaming the powder to obtain a foamed
particle having an average particle diameter of 300 um
(expansion ratio: 3.4 times). The volume percentage of
the closed cells in the foamed particle was 70 %. The

20 foamed particle was frozen with liquid nitrogen, and
ground and classified, to thereby obtain a powder
having an average particle diameter of 30 pm. The
volume percentage of the closed cells in the obtained
powder was not less than 70 %.

25 The powder was mixed with a graphite powder in a



141 tion of polyvinyldenefluoride (KF1100, Kureha Chem cal

I ndustry Co. Ltd., Japan) in NWP, so that the obtained slurry had
a solid conposition of 80 % Li CoQ2, 8 % carbon bl ack and 12 %

pol ymer. The obtained slurry was 5 applied onto an al um num f oi

(thi ckness: 15 pn) ac- cording tojgdgctor bl ade nethod, thereby
obtaining a filmhaving a thickness of 110 pm The vol une percent-
age of closed cells contained in the filmwas 33 % based on the
entire volume of wéhghPOokHERE, c8NUSEBE, 4Bd theVebBUR tAGRCMAkAYEeOWazo! i d
conponents of the obtained filmwas 67 % The fil mwas subjected
to roll pressingsubjected todprebsamoliageiy obtaunlagmalﬁeﬂnah&ﬁnm@.a

t hi ckness of 103 pm (the volume percentage of closed cel

28 9% . The obt ai Bee shtainedsmoldedi artdchet wael edintemredl bt 180b&&s so
that the irradiati on dose becane 10 M ads. The sheet was i nmersed
in a mxture of WibhOBFCIQGQaing the mahéeﬂaﬁﬁﬁipﬁev§§9@lth@ ggdsk.antial |y
t he sane manner i n 1, so as to inpregnate the sheet with
flon > FFI?EB&a ﬂnﬁlﬂﬁ?é?d(FPBﬁPﬂaPEFlﬁF%tU?é ebitedped.n fhen,2@
resul tant inpregnated sheet: 10 % ht) ubst an- tially, the
sheet was taken SReSFrBAVIRE 9e§§é?xﬁﬁﬁs 15 PWW@B?aPQtﬁlﬂggtgﬁ'at 180

[err]C (furnace tepperatu

: d
the sheet to obt&Fr--1d SEE 5& e?BSY?GSBtgﬁﬂgg ﬁigtﬁgg npﬁﬁgﬁﬁgreq%fzoan1ng
pm The 25 5$PRBShA kAL Quetele BRLYABLYAR52RREGY TRLCLY rtal-

lic copper sheet (thickness: 15 pm) were pressed

10 against each other while heating, to thereby obtain an
electrode sheet. The volume percentage of the closed
cells contained in the sintered molded sheet was 90 %,
based on the entire volume of the sintered molded
sheet.

15

Example 21

In substantially the same manner as in Example 20,
a mixture of the powder obtained in Example 20 (12 % by
weight), an LiCoO, powder used in Example 19 (80 % by
20 weight) and a carbon black powder (8 % by weight) was
subjected to press molding and sintering, to obtain a
sintered molded article. Then, a sheet having a thick-
ness of 100 uym was obtained by cutting off the sintered
molded article by means of a cutter. The obtained

25 sheet and a metallic aluminium sheet (thickness: 15 pm)



142 times, and the volune percentage of the closed cells
contained in the el ectrode sheet was 50 % based on the entire

vol une of the foaned pol yner. 5 Exanpl e 20 A

pol yvi nyl i dene Tl uoride powder (KF1100, average particle dianmeter:
200 [err]m manufactured and sold by a4Kur eha Kagaku Kogyo Co., Ltd.
Japan) was imersed in a m xture o% #Ion HFCl34a and water in a
vessel in sub- 10 stantially the same manner as in Exanple 1 so as to

i mpregnate the pouegr ﬂbkgebhﬁgghﬁé%réaﬁﬁ Bkﬁ@rHEGiiéaheating, Yyl wat er
(flon/water m xture content I n"the resul tant | npregnat ed powder: 10

% by wei ght). SupreguBgt bbtaififan electrpddélehedds ! kN v@llunld @rdent-
vessel and imediately 15 heated at 180 [err] C (furnace tenperature:
200 [err]C) for dge of thenthOvked tkelebyohtained time thenwddntexredbtai n a

f oamed particle having an average particle dianmeter of 300 pm
(expansi on rat i omoBdddt Eheek. wake 90oRnbagedcont dpe entire volunmee of osed
cells in the foaned particle was 70 % The 20 foamed particle was
frozen wi sh | i qutbensintgezed mndded sheetground and classified, to thereby
obtain a powder havi ng an average particle diameter of 30 pm The
vol ume percentage of the closed cells in the obtained powder was

not less than 70_% 25 The powder was m xed with a graphite
pOV\der in a Example 22

The electrode sheets prepared in Examples 18 and

19 were individually placed in a non-agqueous electroly-

10 tic solution obtained by dissolving lithium tetrafluor-
oborate (LiBF4) in a mixed solvent composed of ethylene
carbonate (EC), propylene carbonate (PC) and 7-butyro-
lactone (7-BL) (EC/PC/7~-BL weight ratio = 1/1/2, and
LiBF4 concentration: 1 mol/liter), and kept therein for

15 30 minutes at 100 °C so as to impregnate the sheets
with a non-aqueous electrolytic solution. Then, the
electrode sheet (as a positive electrode) which was
prepared in Example 19 and impregnated with the elec-
trolytic solution as mentioned above, the hybrid poly-

20 meric electrolyte prepared in Example 1, and the elec-
trode sheet (as a negatie electrode) prepared in Exam-
ple 18 and impregnated with the electrolytic solution
as mentioned above were laminated in this order to
thereby obtain a laminate structure.

25 s Stainless steel sheets (as electric terminals for



143 weight ratio of 15:85, and the resultant mxture was

subjected to press nolding to obtain a nolded article. The obtai ned
nol ded article was sintered at 180 [err]C wi t hout renoving the

nol ded article fromthe nold. 5 Thus, a sintered nolded article was
obtai ned. Then, a sheet having a tjggkness of 150 pm was obt ai ned
by cutting off the above-obtained sintered nolded article

by neans of a cutter. The obtained sheet and a netal - lic copper
sheet (thickness:tal&ingna veurreter Sesire IlroughB0ihBst c6AtAcot ReEhWehbke
heating, to thereby obtain an el ectrode sheet. The vol une
percentage of thgespsxiive currerneldslbantarsedf i the hposibieeedndol ded
sheet was 90 % based on the entire volume of the sintered nol ded
sheet. 15 - negaliifg elactrodes of the |abowysthbainedylahinstee nanner
as i n Exampl e 20, a mxture of the owder obtained in Exanple 20
(12 % by Sxﬁéﬁ”@?ﬁ‘ﬁm -an Thecogm wr¥e Brafpthenoplaceds by a20

: 0,
brecs foi ding an@dHR & ‘%&m@% 1“% ﬁiésﬁgﬁﬁiﬁég’afﬂéf’@”
IR R g
obtained 25 1HRE! AULE LA G A SR YR S g égs(tgifkgggsconneggo
ed to outer electric terminals of the glass cell, and
the electric terminals of the laminate structure were
10 connected to the inner electric terminals of the cell.
The glass cell was sealed in an argon atmosphere to
obtain a battery.
The obtained battery was subjected to
charge/discharge cycle testing using a charge/discharge
15 testing device (model 101SM6, manufactured and sold by
Hokuto Denko Corporation, Japan) (current density per
surface area of the electrodes: 1 mA/cmz). The charg-
ing operation was carried out at a constant potential
of 4.2 V. After the charging operation, the potential
20 between the electrodes of the battery was 4.2 V.
Accordingly, it was confirmed that the battery was
charged. The discharging operation was carried out at
a constant current, and discontinued when the potential

between the electrodes was decreased to 2.7 V. As a

25 result of the charge/discharge cycle testing, it was



144 were pressed agai nst each other while heating, to

t hereby obtain an el ectrode sheet. The vol une percent- age of the
closed cells contained in the sintered nol ded sheet was 90 % based
on the enti're vol une of 5 the sintered nol ded sheet.

Exanpl e 22 The el ectrode sheetggprepared in Exanples 18 and
19 were individually placed in a non-aqueous electroly- 10 tic

sol ution obtained by dissolving lithiumtetrafluor- obor at e (Li BF4)
in a nixed sol vedHow@pfad tHe aiindieifye amount (& benat £i£&E) d1i8ERAVGENE
carbonate (PC) and [err]-butyro- | actone ([err]-BL)

(EC/ PC/ [err] - BL weisgl21Q aiAhy o dif hie caxbon in thdimégativeecaléestione. 1
nol/liter), and kept therein for 15 30 minutes at 100 [err]C so as to
i npregnat e the sHdetas also faniridh tthatonblhesubischatge tambyht coSothiéi on
Then, the el ectrode sheet (as a positive el ectrode) which was
prepared i n Exandi0®tho cyiele masedivR aehlwig rof Hehelgarbon in theroégative
solution as nentioned above, the hybrid poly- 20 neric electrolyte
prepared ih Exanfil@ctrodes t fhefsegesults shqw gehatHdets (kattereghsi e

el ectrode) prepared

LN Ex , | e 18 and inpregnated wth the
el ectrol ytic sol &alp@hﬁe O%mbe’ég r?iﬁﬂé)m%m@rgq AN izgharged: and

order to t hereby obtain a | am nate strycture. 25
Stai nl ess steel SRESSs o%’ S 6‘,Leectaf’% & SEHIY ;i?ﬁt ery-
Example 23
10 A microporous polyethylene membrane (Hipore U2

film, manufactured and sold by Asahi Chemical Industry
Co., Ltd., Japan) was sandwiched between the electrode
sheet prepared in Example 21 (as a positive electrode)
and the electrode sheet prepared in Example 20 (as a

15 negative electrode), to obtain a laminate structure.
The laminate structure was placed in a non-aqueous
electrolytic solution obtained by dissolving lithium
hexafluorophosphate (LiPFg) in a mixed solvent composed
of ethylene carbonate (EC) / methyl ethyl carbonate

20 (MEC) (EC/MEC weight retio = 1/2, and LiPFg concentra-
tion: 1.5 mol/liter), and kept therein for 30 minutes
at 70 °C so as to impregnate the laminate structure
with the non-aqueous electrolytic solution.

Stainless steel sheets were brought into contact

25 with the respective current collectors of the positive



145 taking a current) were brought into contact with the
respective current collectors of the positive and negative

el ectrodes of the above-obtained | am nate structure. The |am nate
structure was then placed ina 5 gl ass cell having inner electric
termnals for taking a current fromfhe the I am nate structure,
wherein the I nner electric termnals of the glass cell are

connect - ed to outer electric termnals of the glass cell, and
the el ectric ternmnhfegdtive dndttwddestdficthe cab6ve€-oBbainedCchanenbed t o
the inner electric termnals of the cell. The gl ass cell was

seal ed in an ar gEtatatsmher eTHe laminate sttacture beasetfen placed in a
The obtai ned battery was subjected to char ge/ di scharge cycle
testing usi ng a ciasfe/allsk hagang ner eksctnic deerninghedéor10aBiBg a
manuf actured and sol d by Hokut o Denko Cor poration, Japan) (current
density per Curr%nﬁfﬁﬁﬁﬁzﬁhﬁikﬁml¢ﬁ¢%l%ﬁr¢Q@M§e iwherein) thehinphar g-

i ng operation was carried out at a constant fotentlal of 4.2 V.
After the Zhargi r‘?&%‘é‘f*’é—? SRRl pREnthel s ?%5 Celbe?%eﬁoﬂﬂéceﬁéctpodes

of the battery mes_t Accor |n y s confirmed that the
battery was h T tef P FRtlca?PietPBut at

a const ant currerg cq:r}q_ 'é%%kf’@e%&m‘?&é@m'@ructure Webet ween t he

el ectrodes was decrease
! connected to the inner electric terminals of the cell.

The glass cell was sealed in an argon atmosphere to
10 obtain a battery.

The obtained battery was subjected to
charge/discharge cycle testing using charger/discharger
testing device (model 101SM6, manufactured and sold by
Hokuto Dbenko Corporation, dapan) (current density per

i5 surface area of the electrodes: 1 mA/cmz). The charg-
ing operation was carried out at a constant potential
of 4.2 V. After the charging operation, the potential
between the electrodes of the battery was 4.2 V.
Accordingly, it was confirmed that the battery was

20 charged. The discharging operation was carried out at
a constant current, and discontinued when the potential
between the electrodes was decreased to 2.7 V. As a
result of the charge/discharge cycle testing, it was
found that the discharge amount of the first discharge

25 was 310 mAh/g of the carbon in the negative electrode.



25 result of the charge/discharge cycle testing, it was

146 found that the discharge anobunt of the first discharge

was 210 mAh/g of the carbon in the negative el ectrode. It was al so
found that ‘'t he di scharge anmobunt of the 100t h cycle was 179 mAh/g
of the carbon in the negative 5 el ectypgle. These results show that
this battery is capabl e of being repeatedly charged and di schar ged
and hence operable as a secondary battery. Exanpl e 23
10 A i Qo R WL 910 | Sty | erieer MERd ' Echadh§o Smdlint of the filmM
manuf actured and sol d by Asahi Chem cal Industry Co., Ltd., Japan)
was sandwi ched baioGs#n dyeleelvend 28 mAh/g of theeatarbepairdthd Rxgapiee?l
(as a positive el ectrode) and the el ectrode sheet prepared in
Exanpl e 20 (as aeleEstrodencgdthese atesmiXitsleghow othvdt atinia babtaeyeis
structure. The | am nate structure was placed in a non-aqueous

el ectrol ytic sol ¢ErePlshiafi heing wepeatiedly ¢hargednand discharged and
hexaf | uor ophosphate (Li PF6) in a m xed sol vent conposed of ethyl ene
carbonat e 3EC) / hadag oraighle &% chHeCodprY ba®Esyy ( EC/ MEC wei ght retio
= 1/2, and Li PF6 concentr a- tion: 1.5 nol/liter), and kept therein
for 30 m nutes at 70 [err]C so as to inpregnate the | am nate

structure w th the nqn-agueo el ectrolytic solution.
St ai nl ess st eel §R&§ér%ﬁé¥?ﬁf§ﬂ§§5iﬁﬁto cont act

A microporous polyethylene film (Hipore U2 film,

manufactured and sold by Asahi Chemical Industry Co.,
10 Ltd., Japan) was sandwiched between the electrode sheet
prepared in Example 19 (as a positive electrode) and
the electrode sheet prepared in Example 18 as a nega-
tive electrode), to obtain a laminate structure.
The obtained laminate structure was placed in the
15 same non-aqueous electrolytic solution as used in
Example 22 [that is, a solution obtained by dissolving
lithium tetrafluoroborate(LiBF4) in a mixed solvent
composed of ethylene carbonate(EC), propylene car-
bonate(PC) and 7-butyrolactone(7-BL) (EC/PC/7-BL
20 weight retio = 1/1/2, and LiBF, concentration: 1
mol/liter]}, and kept threin for 2 hours at 100 °C so as
to impregnate the laminate structure with the electro-
lytic solution.
Using the impregnated laminate structure, a bat-

25 tery was constructed in substantially the same manner



25 with the respective current collectors of the positive

147 and negative el ectrodes of the above-obtained | am nate
structure. The lam nate structure was then placed in a gl ass cell
having innér eléectric termnals for taking a current fromthe

| am nate structure, wherein the inner 5 j149electric termnals of the
glass cell are connected to outer electric termnals of the glass
cell, and the electric termnals of the lam nate structure were

connected to theasnder Bdaagild 2 .er MlAlstxditivelradtated, two stdenBLass
cell was sealed in an argon atnosphere to 10 obtain a battery.
The obt ai ned bat sdeplneshesniily erdmal Bxought into olwnitmdtli wltiar gee Cyespec-
testing using charger/discharger testing device (nodel 101SMs,
manuf act ur ed and td¥ed awrrent collegiians dkritee Quptive cand Jaegakiteur r ent
density per 15 surface area of the electrodes; 1 mANcnferr]). The
char g- elgciFadas &f e ahovawhiaingd dnprrgnatedotantnate
of 4.2 V. After the cQgr i ng gperation, the potential bet ween t he
el ectrode® of thE& é‘ﬁéﬂ"%'\/\ag > Japinate structyng yaw) Yhen iplpced bR med
that the battery 20 charged. The dischargi ng, operati on was
carried out at gidss cgl(}oﬁlsa[v&ﬁ}gg 815}’}%91@?[%’& s%ﬂ'%r’?‘ﬁ'g]e% ntakEng a
pot enti al o Q@% EARE 15 LGt degreased .to 2.7 M. As a
result of the charge g&gchar gé:% gy%arén(}lq’gas%ey\ﬁs}rqcf%um%es’ wiidedtd the Fnfer
electric terminals of the glass cell are connected to
outer electric terminals of the glass cell, and the
10 electric terminals of the laminate structure were
connected to the inner electric terminals of the cell.
The glass cell was sealed in an argon atmosphere to
ocbtain a battery.
The obtained battery was subjected to
15 charge/discharge cycle testing using a charge/discharge
testing device (model 101SM6, manufactured and sold by
Hokuto Denko Co., Corporation, Japan) (current density
per surface area of the electrodes: 1 mA/cmz).- The
charging operation was carried out at a constant poten-
20 tial of 4.2 V. After the charging operation, the
potential between the electrodes of the battery was
4.2 v, Accordingly, it was confirmed that the battery
was charged. The discharging operation was carried out

at a constant current, and discontinued when the poten-

25 tial between the electrodes was decreased to 2.7 V. As



found that the discharge anmbunt of the first discharge 25 was 310
mAh/ g of the carbon in the negative el ectrode.

148 It was al so found that the discharge anount of the

100t h cycl é was” 253 mAh/g of the carbon in the negative el ectrode.
These results show that this battery is 150 capabl e of being

repeat edly charged and di scharged and 5 hence operabl e as a secondary
battery. Conpar ati ve Exanple 7 A m croporous

pol yethyl ene filma (Hdfere 32 thé dharge/dischBryd a6FH1680ca84ing! diywAsahi
Chem cal Industry Co., 10 Ltd., Japan) was sandw ched between the

el ectrode sheet found th#t eglts el schdrGePdmoddt (86 Bhe0sitb¥eaekenhrgde)
and the el ectrode sheet prepared in Exanple 18 as a nega-

tive el ectrode), was dRGimAly/d aof nete cdriwat Ue. the negative eldBerefbai ned
| am nate structure was placed in the 15 sanme non-aqueous el ectrolytic
sol uti on as used ith was also Beurpl etizet [ thmtdischargel capanitpt aEnedeby

di ssol vi ng lithiumtetrafl uoroborate(LiBF4) in a m xed sol vent
conposed df et hy| IR ppkatwds25 adp(g ot ke -carbon inpthet péfakivad
[err]-butyrolactone(.éﬁar -BL) (EC/PC/ [err] -BL 20 wei ght retio =
1/1/2, and Li BF4 &t R9et i on: 1 nol/liter], and kept threin for 2
hours at 100 [err]C so as to inpregnate the lamnate structure with
t he el ectro- | ytic solution.

Comparative Example 8

A 10 % by weight solution of a polyvinylidene
10 fluoride powder used in Example 20 in NMP was mixed
with a graphite powder in the same weight ratio as
employed in Example 20 to obtain a slurry. The ob-
tained slurry was applied uniformly onto a metallic
copper sheet (thickness: 15 pm) and dried, to thereby
15 obtain a negative electrode sheet.
A solution of a polyvinylidene fluoride in
NMP, a carbon black powder and an LiCo0O, powder were
mixed with each other in thé same weight ratio as
employed in Example 21, to obtain a slurry. The ob-
20 tained slurry was applied uniformly onto a metallic
aluminium sheet (thickness: 15 pm) and dried, to there-
by obtain a positive electrode sheet.
A laminate structure was constructed in substan-
tially the same manner as in Example 23, using a mi-

25 croporous film of polyethylene (Hipore U2 film, manu-



Using the inpregnated | am nate structure, a bat- 25 tery was
constructed in substantially the sane manner

149 as in Exanple 22. Illustratively stated, two stainless

steel sheets wefe brought into contact with the respec- tive
current collectors of the positive and negﬁkgve el ectrodes of the
above- obt ai ned i npregnated | am nate 5 Structure. The |am nate
structure was then placed in a gl ass cell having inner electric

termnals for taligBed and soldBy HsdHiOBridifdHM AdEs Ul Crg.
t he gl ass

wherein the inner electrictermnals o cell are

connected to  gJapan)OWrR 8l @Hdve-ldtiite gisite dl A%8 s&fdtiv@d the
10 electric termnals of the |am nate structure were connect ed

to the inner el eellectriod@dnishidetnf MR Bdained lamindihe Stassteed | wids
sealed in an argon atnosphere to obtain a battery.

The obt ai ned bat pdayedadrs @ jneri-adniepus] Bl ectrdiarigied dahhii¢e clytdtned
testing using a charge/ di scharge testing device (nodel 101SMb,
manuf act uried andbyolddsigplving 1ithidsin thexadiwrtphospdrge ot LirE ¢ J abard
(current density per surface area of the electrodes: 1

mV cnierr]). Themixed solvemdy giompassst fff @thydensaganhpnate tEQ) camdt ant

poten- 20 tial of 4.2 V. After the charging operation, the
potential bet weeReithylerddiylo forhomatiee (BRGer(E C weight pebiq =

' ' ' h h r
Accordingly, 1t Wei,cggg 7.1 %g:éﬁhééﬁ%gg¥fg%9/1.5 mol/liter), and kept

therein for 30 minutes ét 70 °C so as to impregnate the
10 laminate structure with the non-aqueous electrolytic
solution.

Stainless steel sheets were brought into contact
with the respective current collectors of the positive
and-negative electrodes of the impregnated laminate

15 structure. The laminate structure was then placed in a
glass cell having inner electric terminals for taking a
current from the laminate structure, wherein the inner
electric terminals of the glass cell are connected to
outer electric terminals of the glass cell, and the

20 electric terminals of the laminate structure were
connected to the inner electric terminals of the cell.
The glass cell was sealed in an argon atmosphere to
obtain a battery.

The obtained battery was subjected to

25 charge/discharge cycle testing using a charge/discharge



was charged. The di schargi ng operation was carried out at a

constant current, and discontinued when the poten- 25 tial between the
el ectrodes was decreased to 2.7 V. As

150 ) a result of the charge/discharge cycle testing, it was

found that the discharge anount of the firgg di schar ge was 190
mAh/ g of the carbon in the negative electr @ It was al so found

t hat the discharge capacity of the 5 100t h cycl e was 125 mAh/ g of the

carbon in the neg r £ g?gga Ie 8
A 10 % by wei ght soF dev ce 6ﬁF§§?n3§§§ené magu act ori e pom§¥ used
in Exanpl e 20 'nHBhﬁ$$a§eréeéorporatlonmﬁBapéngrQEﬁbE%nQQWQ%kﬂﬂ@'Eﬂﬁ:Sane
wei ght ratio as enpl oyed in Exanple 20 to obtaln a slurry. The ob-

tained slurry wasuppakbbedrdai ber ghy enbetzomekal i @a/cm?). THRPRAHargheet
(thickness: 15 pn) and dried, to thereby 15 obtain a negative

el ectrode sheet.ing operation wAssehuiried olitaafokycongtathendtendiisde i n
NMP, a carbon bl ack powder and an Li CoO2 powder were m xed with
each othes in thefsdang Vei gAfteat theasharging opempitdped thebpahentidl to
~obtain a slurry. The ob- 20 tained slurry was applied uniformy onto
a metallic betwapuntheuslenserdeshpék tbes batdepy) wasd4did 83, to there-

by obtain a positive el ectrode sheet.
Accordingly, it was confirmed that the battery was

charged. The discharging operation was carried out at
a constant current, and discontinued when the potential
10 between the electrodes was decreased to 2.7 V. As a
result of the charge/discharge cycle testing, it was
found that the discharge capacity of the first dis-
charge was 244 mAh/g of the carbon in the negative
electrode. It was also found that the discharge capac-
15 ity of the 100th cycle was 165 mAh/g of the carbon in

the negative electrode.

Example 24

A laminate structure was obtained in substantially
20 the same manner as in Example 23, except that the non-
impregnated foamed sheet prepared in Example 2 was used
instead of the polyethylene microporous membrane, to
thereby obtain a laminate sturucture. The obtained
laminate structure was placed in the same non-agueous

25 electrlytic solution as used in Example 23, and kept



A lam nate structure was constructed in substan- tially the sane
manner as in Exanple 23, using a m- 25 croporous film of

pol yet hyl ene (Hi pore U2 film manu-

151 ) factured and sold by Asahi Chem cal Industry Co., Ltd.,
Japan) and the above-obtai ned positive and figgative el ectrode
sheets. The obtained |lam nate structure was pl aced in a

non- aqueous el ectrol ytic sol ution obtained 5 by dissolving |ithium

hexaf | uor ophosphaiher@inlPHE®r i Hburs at 70Wc<ash S thimegﬁ&e’e of¢nh&t-hyl ene
carbonate (EC) and met hyl ethyl carbonate (MEC) (EC MEC wei ght

retio = Vaminaite: |sthfTtaare enitatii non-adiddls teldctidby kegt
therein for 30 mnutes at 70 [err]C so as to inpregnate the 10

| ami nat e struct uselwtilent.ne non- aqueous el ectrol ytic sol uti on.

Stai nl ess steel sheets were brought into contact with the
respective current col d&tdiervowashehhssingd dn substarndnia Yy athe esame

el ectrodes of the inpregnated |amnate 15 structure. The lam nate
structure 3as thBADPRXcEF iR &xample 23y yfthe ghtadpadhPatkery sfastric
termnals for taki current, fromthe | am nate structure, wherein

the inner sug.gg%ttﬁdc e AT IR IR £FC IS TOHING TR t

Cermm nal o of ¢ he CPARLA e L PRUERIPe wiFe <hatding Gneratien gram@armied

el ectric term napgof e oldeant potential of 4.2 V. After the charg-
ing operation, the potential between the electrodes of

10 the battery was 4.2 V. Accordingly, it was confirmed
that the battery was charged. The discharging opera-
tion was carried out at a constant current, and discon-
tinued when the potential between the electrodes was
decreased to 2.7 V. As a result of the charge/dis-

15 charge cycle testing, it was found that the discharge
amount of the first discharge was 312 mA/g of the
carbon in the negative electrode. It was also found
that the discahrge amount of the 100th cycle was 268
mA/g. These results show that this battery is capable

20 of being repeatedly charged and discahrged and hence

operable as a secondary battery.

Comparative Example 9

A membrane filter (trade name: Durapore HVHP,

25 manufactured and sold by Millipore Corporation, U.S.A.)



The glass cell was sealed in an argon atnosphere to obtain a
battery. The obtai ned battery was subjected to 25

char ge/ di scharge cycle testing using a charge/discharge

152 ' testing device (nodel 101SMs, manuf actured and sol d- by

Hokut o Denko Cor poration, Japan) (current qgﬂfity per surface area
of the electrodes: 1 md¥cnR). The charg- I ng operation was carried
out at a constant potenti al 5 of 4.2 V. After the charging

operation, the nt| e )¢ ; Yy was
e P I e R S el e R

h d. The di ' ' i o i :
charge e 'S%Eéhgbﬁ&aﬁﬁéha%kﬁ@ﬂg§5ﬂ31dq‘ﬂ%ﬁ?ﬁ iH a mixed %&fﬁ?@%??%des

current, and discontinued when e potentia bet ween t

was decreased toOeZhgl¥ne Sarbonate (EOD)ESYropdlde sy Sﬁkk@f agngycle
testing, it was found that the dlscharge capacity of the first dis-

charge was 244 méhnifrdlectoaidon 4 +Bl he (EBEY#HO Ae-BL weiglet efdtisles |t
was al so found that the discharge capac- 15 ity of the 100th cycle was
165 mAh/ g Sof t helddavBenand LiBF, concentagdtions dl esil/ddicter). The

Exampl e 24 A lam nate structure was obtained in substantially
20 t he sane Aapier cepdustiviiy ©f23heeiopreanaded filter was meas-

i mpregnat ed foaned sheet prepared in Exanple 2 was used
ured in the same manner as in Example 1. As a result,

it was found that the ionic conductivity was 0.8 x 1074
S/cm.

10 A sample for observing cross-sections was obtained
in substantially the same manner as in Example 1, and
each of the first, second and third cross-sections of
the sample was examined. As a result, it was found
that, in each of the first, second and third cross-

15 sections of the sample, there were many open cells
communicating with the original surface of the filter,
from which the electrolytic solution had effused.

The impregnated filter was subjected to measure-
ment of water permeability in the same manner as in

20 Example 1. As a result, it was found that the water
permeability of the impregnated filter was 16,000
liters/mzthroatm. Before the impregnatioﬂ of the non-
aqueous electroytic solution, the water permeability of
the filter was 15,000 liters/m2.hr.atm.

25 The volume percentage of the closed cells con-



I nstead of the polyethylene m croporous nenbrane, to t her eby obtain
a |l am nate sturucture. The obtai ned | am nate structure was pl aced
in the sane non- aqueous 25 el ectrlytic solution as used in Exanple 23,
and kept - 153 therein
for 2 hours at 70[err]C so as to |npregnat§ #ua | am nate structure
with the non-aqueous electrolytic ution A
battery was obtained in substantially the sane 5 manner as i n Exanple

23. The obtai ne¢ahakherin \M?:% filter be"*f‘t'ﬁiee%ﬂ’éj infhripBe g ehagige -cycl e
testing (current density: 1 mA/cnR). The chargi ng operation was

carried nBHl adiedueO IR istiludtfich 4as 0Ag ebdded didr¢he
ing operation, the potential between the electrodes of 10 the battery
was 4.2 V. Accoeditigey volumensfC ahl fidter. that the battery was
charged. The di schargi ng opera- tion was carried out at a constant
current, and di scon- The abovet resad tshahowhehadt coita oflildetweien 4 horous

el ectrodes was decreased to 2.7 V. As a result of the charge/dis-
15 chd@r ge cywkwbrase hgving wrenf eeddst land tihratighciholgs, and that,
amount of the first discharge was 312 mA/g of the carbon in the
negati ve el ectrofBen| thgafidites fsudgpregnated pdh & OR-RABIAPS anount  of
the 100th cycle These results show that this battery

0 aoabie Y 50° SRRgkepartic; solutiar, che GHPCHRPIHIE HHELomP

from the filter.

10 Example 25

A hexafluoropropylene/vinylidene fluoride
copolymer resin (hexafluoropropylene content: 5 % by
weight) was subjected to extrusion molding in
substantially the same manner as in Example 1, thereby

15 obtaining a molded sheet having a thickness of 150 pm.
The obtained molded sheet was irradiated with electron
beams so that the irradiation dose became 5 Mrads.
Then, the irradiated sheet was subjected to vacuum
drying at 60 °C, while removing HF gas generated by

20 drying. The sheet was then immersed in a mixture of
flon HFCl134a and water (flon/water weight ratio: 49/1)
and the whole was allowed to stand at 70 °C so as to
impregnate the sheet with the mixture of flon HFC134a
and water (flon/water mixture content in the resultant

25 impregnated sheet: 9 % by weight). Subsequently, the



operabl e as a secondary battery. Conpar ati ve Exanple 9

A nmenbrane filter (trade nane: Durapore HVHP, 25 manuf actured and sold
by MI1ipore Corporation, U S A)

154 . was i npregnated with a non-aqueous el ectrolytic sol u-

tion obtained by dissolving LiBF4 in a m xgggsol vent of et hyl ene
carbonate (EC), propyl ene carbonate (PC) an [err]-butyrol actone (
[err]-BL) (EC/PC/[err]-BL weight ratio = 5 1/1/2, and Li BF4

concentration: 1lgppbAl kb8 kakel®ut from tHPRidssNdEHd iMidaatd e
| npregnated filter was neas- ured in the sane manner as in Exanple

1. As aresult, neated at 17029d Bynchddit dfhe ifiYracOElctl Winutes 0.8 X
10[ err] S'cm 10 A sanpl e for observing cross-sections

was obt ai ned therebiyn fodaSingntthel Ishddte teambiminmer wisiten foawed e 1, and
each of the first, second and third cross-sections of t he sanpl e
was exam ned. Asshee¢shbivingt avdchifckmedss of 165 unhdtexpanssayh wEtide
first, second and third cross- 15 sections of the sanple, there were
nmany open>cel | s 1.3 timesdonmiiec aolngeniperaentags gthdihe pkered otellr
filter, fromwhich the electrolytic solution had effused.

The i npregnat ed FPrrtaingds iulhecifopmed mheal atas 21.3 %, hagedfonghe

perneability in the same manner as_in _ 20 Exanple 1. As aresult, it
was found that tBEtiXeevolume of the foamed sheet.

The sheet was then immersed in NMP in a vessel and
the whole was heated at 90 °C for 3 hours.

10 Subsequently, the sheet was taken out from the vessel
and washed with acetone, thereby obtaining a dried
sheet. The weight of the dried sheet was measured, and
from the weight of the dried sheet, the weight
percentage of the crosslinked polymer segment produced

15 by irradiation of electron beams was measured, and

found to be 23 %, based on the weight of the sheet

prior to the impregnation with NMP.

The sheet was placed ih the same non-agqueous
electrolytic solution as used in Example 1 (EC/PC/7-BL
20 weight ratio = 1/1/2, and LiBF, concentration:

1 mol/liter), and kept therein for 2 hours at 100 °C so

as to impregnate the foamed sheet with the non-aqueous

electrolytic solution, thereby obtaining a swollen
foamed sheet as a hybrid polymeric electrolyte. The

25 amount of the non-aqueous electrolytic solution in the



perneability of the inpregnated filter was 16, 000
liters/merr][err]hr[err]Jatm Before the inpregnation of the non-

aqueous el ectroytic solution, the water perneability of the filter
was 15,000 liters/nmerr][err]hr[errjJatm 25 The vol une
percentage of the closed cells con- 57

155 tained in the filter before Ehe | npregnati on of the-
non-aqueous el ectrolytic solution was 0 % based on the entire

volurme of the fi h&%ﬁrldngolymerlc eleBIARANE wes Wd % IRPWd t fhesfilter
IS a porous rane havi ng open cells and through-ho and that,

when the fil ter calcipatedatfednvithe ddighta@ifftfrence betwe&hec:tth@l ytic
solution, the electroytic solution effuses fromthe filter. 10°

Exanpl e 25 foamed shéelteXaidivar dapr ahed dmpragndtidenef [the i de

copol ymer resin (hexafl uoropropyl ene content: 5 % by wei ght) was
subj ected to ext nos-aqueoid edeatrolytic scdulisitcant iaxid ythehérowrdsd nanner as
in Exanple 1, thereby 15 obtai ning a nol ded sheet having a thickness
of 150 [efr]m polymerithelsisttaiodatarol ded sheet was irradiated with

el ectron beans so that the irradi ati on dose becane 5 M ads.
Then, the irradiated §hé@¥mﬂé§59ﬂn9?ﬁﬁﬁYﬁﬁ9\RﬁﬂﬁﬁﬁseCtlons RS i FRERINED

err]C, whi
[ ] e re?‘%o'm“ hgr%srl%e %%rl%%drlc}/ electrolyte sheet in

substantially the same manner as in Example 1, and each
of the first, second and third cross-sections of the

10 sample was examined. As a result, in the first, second
and third cross-sections of the sample, circular
cross-sections of liquid-phase domains, which were
uniformly dispersed in the continuous solid-phase
domain and each had a size of from 2 to 4 pm in terms

15 of the average value of the long axis and short axis of
each domain, were observed. Most of the
above-mentioned circular cross-sections of ligquid-phase
domains had a size of about 3 um. In the first, second
and third cross-sections of the sample, the percentages

20 of the total cross-sectional areas of the liquid-phase
domains were, respectively, 12 %, 10 $ and 15 %, based
on the area of each cross-section 6f the sample. From
these results, it was found that the volume percentage
of the liquid-phase domains in the hybrid polymeric

25 electrolyte was 12.3 %.



20 drying. The sheet was then imersed in a m xture of flon
HFCl34a and water (flon/water weight ratio: 49/1) and t he whol e
was allowed to stand at 70 [err]C so as to i npregnate the sheet
with the mxture of flon HFCl34a and water (flon/water m xture
content in the resultant 25 | npr egnatsagg sheet: 9 % by wei ght).
Subsequently, the 156

sheet was taken out fromthe vessel and i mredi ately heated at 170

[err]C by neans of a fIW'ﬁféagéﬂ{e hdfidd# &s in Exampldef ebyhd oppmig t-he
sheet to obtain a white foaned sheet having a thi ckness of 165

[err] m (expansi ogopdidctivity valuk dff itRS hybrite pullyiier Reraebatagsiptet he
cl osed cells contained in the foaned sheet was 21.3 % based on

t he ent was wlldwm atfed lnd,0aed dfwnilt, it was found Ttmasheee was
then inmersed in NVP in a vessel and the whol e was heated at 90
[err] C for 3 houdsnicl@onducSubhsidyueras 2.1 e HHEbtS (@ t aken out from t he
vessel and washed with acetone, thereby obtaining a dried

sheet. The5wei ght of the dried sheet was neasured, and fromthe
wei ght of the dried sheet, the weight per cent age of the
crosslinked pol yExemdenef produced 15 by irradiation of electron

beans was neasured, and found to, he 23 % based on the i ght of
t he sheet prigye thoamed %ﬁﬁ%ﬁyﬂﬁ%éﬁ1%ﬁq %%ﬁ)prepare and The

Shect RS P 3000 AaldiS RS, A0 SNSRI, nagmg, (L EIFEHLELA Gosg] b0 3

concentration: Mrads) in Example 4 was further irradiated with elec-

10 tron beams so that the irradiation dose became 15
Mrads. The sheet was then immersed in NMP in a vessel
and the whole was heated at 90 °C for.3 hours. Subse-
quently, the sheet was taken out from the vessel and
washed with acetone, thereby obtaining a dried sheet.

15 The weight of the dried sheet was measured, and from
the weight of the dried sheet, the weight percentage of
the crosslinked polymer segment produced by the irra-
diation of electron beams was measured, and found to be
75 %, based on the weight of the sheet before the

20 impregnation with NMP.

The sheet was placed in the same non-agueous
electrolytic solution as used in Example 4 (EC/PC/7-BL
weight ratio = 1/1/2, and LiBF, concentration:

1.5 mol/liter), and kept therein for 2 hours at 100 °C

25 so as to impregnate the foamed sheet with the non-



1 nol/liter), and kept therein for 2 hours at 100 [err]C so as to

| npregnate the foaned sheet with the non-aqueous electrolytic

sol ution, thereby obtaining a swollen f oamed sheet as a hybrid
polyneric electrolyte. The 25 amount of the non-aqueous el ectrolytic
solution in the 159 157

hybrid polyneric electrolyte was 36 % by wei ght, as calculated from
t he wei ght difference between the f oamed sheet (prior to the

i npregnation of WaRlecus eledi@BIFARD WoIRIHAGH Ol tHdreiplddtLinimnda t he
hybri d 5 polymeric el ectrolyte. A sanpl e for observing

Cross-sections wawolllleai fodmed sheet fasoma tybrib rpallymedsiterée lectvslyod yt e
sheet in substantially the same nmanner as in Exanple 1, and each
of the first, seedamoirtthiofd tiveo sOrEesiuamss dladterolftic schnilen whs
examned. As aresult, inthe first, second and third
cross-sections ofthehdybaigl @olyimeniicarelectrolyte mass -%ecd iknweight, as

| i qui d- phase donmi ns, which were uni formy dispersed in the

cont i nuous® soI i dﬂﬁﬁ-&%’éated from ddmiweight dicifergnee Holeegn g 2 to 4
pmin terns of the avera value of the long axis nd short axis of

each domain, vveréoéﬂ?é'\?é’(?e%sﬁr t4g the impre TRPM®T cul ar

cross-sect[ons o, Lo M s oo RS B0 Sl ima B

percentages 20 elecﬁ% g total cross-sectional areas of the | i qui d- phase
A sample for observing cross-sections was obtained

10 from the hybrid polymeric electrolyte sheet in substan-
tially the same manner as in Example 1, and each of the
first, second and third cross-sections of the sample
was examined. As a result, in the first, second and
third cross-sections of the sample, circular cross-

15 sections of liquid-phase domains, which were uniformly
dispersed in the continuous solid-phase domaiﬁ and each
_had a size of from 2 to 12 um in terms of the average
value of the long axis and short axis of each domain,
were observed. In the first, second and third cross-

20 sections of the sample, the percentages of the total
cross-sectional areas of the liquid-phase domains were,
respectively, 48 %2, 54 % and 50 %, based on the area of
each cross-section of the sample. From these results,
it was found that the volume percentage of the liquid-

25 phase domains in the hybrid polymeric electrolyte was



dormai ns were, respectively, 12 % 10 % and 15 % based on the area

of each cross-section of the sanple. From these results, it was
found that the vol une percentage of the |iquid-phase domains in
the hybrid polyneric 25 el ectrolyte was 12.3 %

158 In the same manner as in1 nple 1, the ionic
conductivity value of the hybrid polyneric ectrolyte was
calculated and, as a result, it was found that the ionic
conductivity wasgg. % % 10[err] S/cm 5 Exanpl e 26

The foaned sheet “which had been prepared and irradi ated mnth

el ectron bearts (irradialihid dang nkhner as irMEiiple) £XaM Qchitas
further irradiated with el ec- tron beans so that the irradiation
dose became 15 conductikads: vE'lﬁeSBEeFtHéih A g8 RmEadd RINGtidL e
vessel and the whole was heated at 90 [err]C for 3 hours. Subse-

quently, the sheghswealtalearedunky,omst raereesﬂﬂi drtd was foundivadhstd thd h
acetone, thereby obtaining a dried sheet. The wei ght of the dried
sheet was Sreasur édpiendohdomtivity washé& \Belxghm o S/lemdr i ed sheet, the
wei ght percent age of t he crosslinked polynmer segnment produced by
the irra- di ation of electron beans was neasured, and found to be
75 % based on the weight of the sheet before the

10

15

20

25



20 i npregnation w th NWP. The sheet was placed in the sane
non- agueous electrolytic solution as used in Exanple 4

(EC/PC/ [err]-BL wei ght ratio = 1/1/2, and Li BF4 concentration:

1.5 nmol/liter), and kept therein for 2 hours at 100 [err]C 25 so as to
i npregnate the foaned sheet with the non-

159 aqueous el ectrolytic solution, thereby obtaining a

swol I en foamed sheet as a hybrid polyneric electrolyte. The anmpunt
of the non-aqueous el ectrol yti c sQbystRiaL,NAPPLICABILR®YhYDrid polyneric

el ectrolyte was 72 % by weight, as b5 calculated fromthe wei ght

di fference between t ha@he hybrid guIBtheriRelelgutrpltte (0 tHPrEgsedndn of

t he non- aqueous el ectrolytic solution) and the hybrid polyneric

el ectrol yte. invention Assamute drdly dhigl vdiorgc rasshestciviorys, viasgh
obtained 10 fromthe hybrid polyneric electrolyte sheet in substan-
tially the same mechenigal] @ﬂ@emgﬁha.chﬁiianﬂﬂfkﬁXibﬁiitY and g¢xcal-
second and third cross-sections of the sanp was exam ned. As a
result, irbthe filest prosessahidity, but taﬁlsrq;l has dhe @i oay oo tprev-
sanpl e, circular cross- 15 sectlons of |iquid-phase domains, which
were uniformy ent edi"é’ﬁ\?iagé'& EHeFAFIS oL 1B LHOR L @RKFRISr and

Valle of the | onGoatret, kP FIRCEHIIT S U imdhasEnt Lrventigh @ be
observed. In thead&&ﬂfadﬂ%ﬂ@l}‘ﬂgéé 'w%éﬁfgﬁ% non-aqueous electrochem-

ical devices such as a lithium battery, a lithium

10 secondary battery, a photoelectrochémical battery, an
electrochemical sensor and an electrical double layer
capacitor. The non-agqueous electrochemical device
comprising the hybrid polymeric electrolyte of the
present invention exhibits not only excellent electro-

15 chemical performance, but also has high ability to
retain an electrolytic liquid therein, so that the
electrochemical device has excellent safety and is

highly reliable in practical use thereof.

20

25



20 sections of the sanple, the percentages of the total.
cross-sectional areas of the |iquid-phase donmai ns were,

respectivel y—48-9 54 % and 50 % based on the area of each
cross-section of the sanple. Fromthese results, it was found that
t he vol une peU m’iﬂ"ﬂ ” iquid- 25 jgphase dommins in the hybrid
polyneric ele m ﬂm 160
51.3 % A the same manner as in Exanple 4, the ionic
conductivity val ue of the hybrid polynmeri ccelfagd rol yte was

cal cul ated and, as a result, it was found that the 5 I oni ¢
conductivity was 2.9 x 10[err] S/cm 10 - 15

1. A hybrid polymeric electrolyte formed of a
closed-cell cellular polymer foam impregnated with an
5 electrolytic liquid, comprising:

a plurality of closed cells defined by cell walls
constituting a continuous solid-phase domain for said
hybrid polymeric electrolyte,

said continuous solid-phase domain comprising a

10 continuous solid polymer matrix impregnated with a non-
aqueous electrolytic liquid selected from the group
consisting of a solution of an electrolyte in a non-
aqueous solvent and a liquid electrolyte,

each of said plurality of closed cells being

15 substantially filled with said non-agueous electrolytic
liquid to form a plurality of liquid-phase domains for
said hybrid polymeric electrolyte which are dispersed

in said continuous solid-phase domain.

20 2. The hybrid polymeric electrolyte according to
claim 1, wherein said plurality of liquid-phase domains
comprise major liquid-phase domains each having a size
of 2 ym or more in terms of the average value of the
long axis and short axis of each liquid-phase domain,

25 said major liquid-phase domains being present in an



20 25 —— . - 161
| NDUSTRI AL APPLI mﬁl LI TY The hybrid polyneric electrolyte of

t he present M not only high ionic conductivity, high
’M ”mmmem bility and excel - 5 | ent

mechani cal stren
processability, but also Nas*the abil | ty tagyev- ent the

non- agueous electrolytic liquid from | eakage, so that the .
el ectrolyte of the present invention can be advant ageously used in
vari ous non- aqueampuaitecfl dxroams to 95 % ialvalaiiee baseh @s the | ddbika
battery, a lithium 10 secondary battery, a photoel ectrochem cal
battery, an volugiee oifi eaidhihydrise pediymerd carelecstaliycl, cneb | vhdmy er
capaci tor. The non-aqueous el ectrochem cal device Ponpris!ng t he
hybrid pol yneri cednresadd yegdoat Liiguid-phase giomsdms igontaimnredfedtive not
only excell ent eI ectro- 15 chem cal perfornmance, but al so has high
ability to ligquddsphage Sogaing havdng @Jlsd-%é?felﬁ?onk(?- t¥at5Q ham

el ectrochem cal device has eng‘lel | ent saf et)i and is hi ghly reI i abl e
in practi &l uselPnEeTBe e average value as defined above, ‘said

effective liquid-phase domains being present in an
amount of 60 % or more by volume, based on the total

volume of said major liquid-phase domains.

10 | 3. The hybrid polymeric electrolyte according to
claim 1 or 2, which has an ionic conductivity of at
least 1 x 1079 S/cm and which is substantially insus-
ceptive to oxidation and reduction at an electric
potential in the range of from 1 to 3 V as measured

15 relative to a reference electrode of metallic lithium.

4. The hybrid polymeric electrolyte according to any'
one of claims 1 to 3, wherein said continuous solid
polymer matrix is free of an ionic group and migrating

20 hydrogen.

5. The hybrid polymeric electrolyte according to any
one of claims 1 to 4, wherein said continuous polymer

matrix comprises a vinylidene fluoride polymer.

25



20 25 162 '
1. A hybrid polyneric electrolyte fornmed of a

pol ymer foam i np ' 5 el ectrolytic

a plurality of c[mﬁmmﬁgmﬂmﬂmed by cell walls

conti nuous solid-phase domal s Ter said 164 hybrid p
el ectrol yte, sai d conti nuous sol1d-phase d

10 continuous solid polyner matrix inpregnated with

Cl ai nms
cl osed-cell cellular
i qui d, conprising:
constituting a
ol yneric
omai n conprising a
a non-

aqueous el ectrol yi ¢ @i 138l YAdmld B diRedhB8te accor&A§i €41 88y 0f a
solution of an electrolyte’in a non- aqueous solvent and a l1quid

el ectrol yte, one of cla&ai) 10ftsd ,d wldrald tsad KdosBfuEshd SeDeEPBo- 15

substantially filled wi tth said non-aqueous el ectrolytic

liquid to

forma pluralitylgftid quighighadse cdormiited din an amourstai th hyths | faped yeEri C

el ectrol yte which are dispersed

from 10 to 98 % by weight, based on the weight of said

5 hybrid polymeric electrolyte.

7. The hybrid polymeric electrolyte according to any

one of claims 1 to 6, wherein said continuous solid

polymer matrix comprises a crosslinked

10 having a crosslinked structure.

polymer segment

8. The hybrid polymeric electrolyte according to

claim 7, wherein said crosslinked structure of the

crosslinked polymer segment is formed by electron beam

15 irradiation.

9. The hybrid polymeric electrolyte according to

claim 7 or 8, wherein said continuous solid polymer

matrix further comprises a non-crosslinked polymer

20 segment, and wherein the weight ratio of the cross-

linked polymer segment to the total weight of the

crosslinked polymer segment and the non-crosslinked

polymer segment is in the range of from 0.2 to 0.8.

25 10. The hybrid polymeric electrolyte according to any



I n said continuous solid-phase donain. 20 2. The hybrid polyneric
el ectrolyte accordingto ™~ ~—claim1, wherein said plurality of

i i d- Shi‘?ie‘ﬂlﬂlﬂﬂlﬂﬂlﬂ i se o AUl d-phase e e oEEN
n

tsgsd maj or | | qU| d phase dOfTB.I ns g)él ﬁgogrggg{ﬁé : gu:aﬁ phase”Mmm“"ﬂﬂ ‘"’

163 anount of from5 to 95 % by vol une, based on the entire

volue of said Ihd & PO o S ¢ Y bt hom- aqueous EL8cEALC

mej or |iquid-phase domains contain € mai ns

having a size of 1fyft‘?JB 4 fgu RP i@ré]éBlu@lon of Mad eéi@c@éoi@@ea% ra9g08al ue

as defined above, “said ef fective |iquid-phase donmai ns bel ng
present in an aqueous?BBIferdtf. 60 % or nore by vol ume, based on the total
vol une of said major |iquid-phase donmains. 10 3. The hybrid
polyneric electrolyte according to claim1 or 2, which has an
ionic conductivity of at |l east 1 x 10[err] S/cm and which is
substanti ably i ndds- The hybrigkpolymdm @elsttorlare aecorcding &b an
electric potential in the range of from1l to 3 V as neasured 15

relative to a refdadncd Gl sthenain gairbtaledtraiyte ubs a lithium sd4lt. The
hybrid polyneric electrolyte according to any

12. The hybrid polymeric electrolyte according to

claim 10 or 11, wherein said non-aqueous solvent com-
lO. prises at least one compound selected from the group

consisting of a carbonate compound and an ester com-

pound.

13. The hybrid polymeric electrolyte according to any
15 one of claims 1 to 12, which is in the form of a sheet

having a thickness of from 5 to 500 um.

14. A method for producing a hybrid polymeric electro-
lyte according to claim 1, comprising impregnating a

20 closed-cell cellular polymer foam with a non-aqueous
electrolytic liquid selected from the group consisting
of a solution of an electrolyte in a non-aqueous sol-
vent and a liquid electrolyte, said polymer foam having
a plurality of closed cells defined by cell walls

25 constituting a continuous solid polymer matrix of said

sBamRTTwai

i



one of clains 1 to 3, wherein said continuous solid pol ymer matri x
is free of an ionic group and mgrating 20 hydr ogen. 5

e ALY 5 57 1 R

vi nyl i dene f1 doride" po yrer . 164 The
hybri d pol yneric el ectrol yt e accordi ng to zlirsnsl r{gm‘”l:“uimmlm
5, wherein said non- aqueous el ectro- lytic liquid s contai ned

an anount in thep ffﬁéro from10 to 98 % by wei ght, based on the
wei ght of said y%rld pol ymeric el ectrol yte. 7. The
hybrid pol yneric electrolyte according to any one of clains 1 to 6,
wherein said continuous solid pol ymer matrix conprises a

crosslinked pol yme| sepgembéthd@ accobayhgdts elasfl Lakeghsireue! the
8. The hybrid polyneric electrolyte according to claim?7, wherein
sai d crossli nkedampunttafesaidt purality ofrolekedkedlps| pifethee podyiers
formed by el ectron beam 15 i rradi ation.

5 foam is in the range of from 5 to 98 % by volume, based

on the entire volume of said polymer foam.

16. The method according to claim 15, wherein said
plurality of closed cells comprise first and second

10 fractions of closed cells, respectively, having a size
of from 1 to 50 ym and a size of larger than 50 pm,
each in terms of the average value of the long axis and
short axis of each closed cell and wherein said first
and second fractions of closed cells are, respectively,

15 present in an amount of 60 % or more by volume and in
an amount of less than 40 % by volume, each based on

the total volume of said plurality of closed cells.

17. The method according to any one of claims 14 to
20 16, wherein said impregnation of the polymer foam with
the non-agueous electrolytic liguid is conducted at a

temperature of from 35 to 200 °C.

18. The method according to any one of claims 14 to

25 17, wherein said non-aqueous electrolytic liquid fur-

i



9. The hybrid polyneric electrolyte according to claim?7 or 8,

wherei n said continuous solid potymner matrix further conprises a
non- crossl i nked segnent, and wherein the weight ratio of

t he cross- mﬂmm#mm&}!ﬂr segnent to the total weight of the
crosslinked pol yrercseg s t he non-crgf I nked pol ymer segnent
Is in the range of fromO0.2 to O.8. 25 10. The hybrid polyneric

el ectrolyte according to any 165 Lo one of clains
1to 9, wherein ' Q#H'@% - | u a .

sol ution of an elstgic‘:etq‘r ol'yte %%%asangérfe%fﬁg ag"%nc]tLl’eoéu%é s"%ﬁ?%%t#gr{ﬁeg 11.

The fybrid pol yTelofrGlsRd hAudy if G Hdibd & part of %ﬁ?f‘ﬁ%’r%“g ein

said electrolyte is a lithiumsalt. iC

el ectrol yte accoiyert td¥ter said GinrBgrthton lof WK Shdh e PORs APHERUS

solvent com 10 prises at |east one conmpound sel ected fromthe group
consisting of a aeheri-adutu Bl straIyEsd Tiqoia . pound.

13.. The hybrid polyneric electrolyte according to any 15 ° one of
clainms 1 t® 12, which is in the formof a sheet havi ng a thickness

of from5 to 500 [err]m _
19. The method according to any one of claims 14 to

18( wherein said non-aqueous electrolytic liquid is
used in an amount such that the produced hybrid poly-
meric electrolyte has an ionic conductiﬁity of at least

10 1.0 x 1074 S/cm, and that the surface area of the
produced electrolyte becomes 50 to 200 %, relative to
the surface area of the polymer foam prior to the

impregnation with the non-aqueous electrolytic liquid.

15 20. The method according to any one of claims 14 to
19, wherein said polymer foam has at least one con-
struction selected from a construction in which said
polymer foam comprises a crosslinked pélymer segment
having a crosslinked structure formed by electron beam

20 irradiation, and a construction in which said polymer

foam is in a stretched form.

21. A non-aqueous electrochemical device comprising at
least two electrodes, and a hybrid polymeric electro-

25 lyte according to any one of claims 1 to 13, wherein



14. A nmethod fofr producing. a hybrid polyneric electro- lyte
according to claiml1, conprising inpregnating a 20 cl osed- cel

cel lul ar pol mmlﬂ m n n- agueous el ectrolytic liquid

selected fromt J ﬂ ‘u lﬂuﬂ?ing of a solution of an electrolyte

in a non-aqueous sol* ™ ® *vent and a liguid electrolyte, said polyner

f oam havi ng a plurality of closed ¢ s defined by cell walls 25

constituting a continuous solid polyner matri x of said

166 pol rq f . [ | aL iy 14,
WHG '@ Meast two e][élét c;@f% Or%%%%fﬁgécecﬁjlgﬂgéﬁgﬁe%g{i

wherein the anount of saird plurali yner
5 foamis i nHyMr-ilAa yedi®BRE-S8, 08 Py vol ume, based on
the entire volune of said pol yner foam 16. The met hod accordi ng
to claim15, wherein said plurality of closed cells conprise first
and second 10 fractions of closed cells, respectively, having a size
of from1l to 50 22.r] mrardertyicte aordprigeing pafti®ildte electrod€ach in
terms of the average value of the |ong axis and short axis of each
cl osed cel3 and wedegiimlsand fa dsinder comprimige@mldsattcahs oélihbsed
cells are, respectively, 15 present in an anmount of 60 % or nore by
volune and in  Polymegh foay omprising thalwrality ablckesedacdlbased on

defined by cell walls constituting a continuous solid

polymer matrix of said polymer foam.

10 23. The electrode according to claim 22, which is
impregnated with a non-aqueous electrolytic liquid
selected from the group consisting of a solution of an
electrolyte in a non-aqueous solvent and a liquid
electrolyte.

15
24. A method for producing an electrode according to
claim 22, comprising molding a mixture of a particulate
electrode material and a particulate closed-cell cellu-
lar polymer foam comprising a plurality of closed cells

- 20 defined by cell walls constituting a continuous solid

polymer matrix of said polymer foam.

25. A method for producing an electrode according to
claim 22, comprising molding a mixture of a particulate

25 electrode material and a polymer to obtain a molded



the total volunmeof—satd-—plurality of closed cells. 17. The

met hod accordin one of clainms 14 to 20 16, wherein said

i npregnati on ofﬁ,&ﬂl@ﬂiﬂﬂﬁmﬂﬁm with t he non-aqueous el ectrolytic
liquid is conduc ooy IWUILEEY tenperature of from35 to 200 [err]C

18. The method according to any one of cIeﬂiE% 14 to 25 17, wherein
sai d non-aqueous electrolytic liquid fur- 167

ther conprises a swelling agent, and which further conpri ses
removi ng at | eas ot i | . af i -

i npregnation of {p e pol yrr%frndfs?gr;ﬁ“&w\egn ile pOlynﬁre %%galq%e%cgisdée?e%f? olytic
l'i qui d. 5 ductl9. The nmethod according to any one of clains 14 to
18, wherein said non-aqueous electrolytic liquid is used in an
anount such that the produced hybrid poly- nmeric electrolyte has an
ionic conductivity of at least 10 1.0 x 10[err] S/cm and that the
surface area of Riée A non-ayueduse dlacicaienticdie cduricd Cdmp2iRg an
relative to the surface area of the polyner foamprior to the

i npregnati®on w t elelccnodge aqueonddng dxt radladim 3. qui d. 15 20. The
met hod according to any one of clains 14 to

27. The non-aqueous electrochemical device according

to claim 21, which is a lithium battery.

10 28. The non-agueous electrochemical device according
to claim 26, which is a lithium battery.
15

20

25



- 189, wherein said polyner foam has at | east one con- struction

sel ected froma construction in which said pol ymer foam conprises a
crossl i nked pol ynmer segnent having a crosslinked structure forned
by el ectron beam 20 irradiation, and a construction in which said

pol ynmer foamis in a stretched forrg,7 21. A non-aqueous

el ectrochem cal device conprising at Qeast two el ectrodes, and a
hybrid pol yneric electro- 25 | yte according to any one of clains 1 to
13, wherein 168 . said
at | east two el ectrodes are disposed thABS RACTd hybri d

polyneric electrolytepy d 2% i® I§m@gi§|émbétrol £
particul ate el ectrode Sqolose nJiaSterléT andigﬂt;)ln er ‘conprising a yee

closed-cel | cell Yined of a cldNUAUBS1T QaEN LOIEF | §bDenér PESER| ityre§-

cl osed cells defined by cell walls constituting a continuous
solid R B yiEH d ndii-Spisbwy | eTedtfobytic 1iddid, wRSBch The

el ectrode according to claim22, which is i npregnated with a

non- aqueous el ecidcalpttiised ig|Plhrality of sElesdddcélben défigedupycoasisting
of a solution of an el ectrolyte in a non-aqueous solvent and a
l'iquid sladclts aonstitutiihg a continuous solid-phase matrix

which is impregnated with the non-agqueous electrolytic
liquid to form a continuous solid-phase domain, in
which the plurality of closed cells are substantially

10 filled with a non-aqueous electrolytic liquid to form a
plurality of liquid phase domains which are dispersed
in the above-mentioned continuocus solid-phase domain.
The hybrid polymeric electrolyte of the present inven-
tion has not only high ionic conductivity and high

‘15 mechanical strength, but also has the ability to prev-
ent the non-aqueous electrolytic liquid from leakage,
so that the electrolyte of the present invention can be
advantageously used in vériéus non-aqueous electrochem-
ical devices. That is, the non-aqueous electrochemical

20 device comprising the hybrid polymeric electrolyte of
the present invention exhibits not only excellent
electrochemical performance, but also has high ability
to retain an électrolytic liquid therein, so that the
electrochemical device has excellent safety and is

25 highly reliable in practical use thereof.



22. *A method for produci ng an el ectrode according to q@’b&éﬁﬁ?ﬁ

conprising nolding a mixture of a particulate el ectrode terial
and a particulate closed-cell cellu- | ar pol yneritpmam! c st svikxéo
plurality of closed cells 20 defined by cell walls constituting a
conti nuous solid pol ymer matrix of said polynmer foam

25. A nmethod for producing an el ectrode according to claim 22,
conpri.sing nolding a m xture of a particulate 25 el ectrode nmateri al
and a polyner to obtain a nolded pDECLARATION

169 product, and foam ng the polyner in said nolded pro-

duct . 26. A non-aqueous el ectrochem cal device conprising an 5
el ectrode according to claim 23. 27. The non-agueous

el ect rochemi call,dShige ANOIR] myo the Indue @& dsadtiiatds Of i3rd Flddr,um
battery. 10 28. The non-aqueous el ectrochem cal device according

to cl ai m Mrasgikac Habd tatiamBuhlskingr B-5, Akasak®m l-chome, Minato-ku,
Tokyo, Japan do solemnly and sincerely declare that I am
conversant with the Japanese and English languages; that I
have executed with the best of my ability this tranélation
into English of the Japanese language replacement pages con-

N— taining the amendment filed on August 4, 1997 in the interna-

tional phase of International Patent Application No.
PCT/JP96/03363 under Japanese Patent Law, article 11 of the
regulations concerning international application through
Patent Cooperation Treaty [corresponding to PCT article
34(2)(b)], wherein the English translation of the Japanese
language replacement pages has been prepared so that the
English replacement pages can be substituted for the corre-
sponding pages of the English translation of the Japanese
language specification filed on March 3, 1998; and that,
however, since the above-mentioned amendment was only a cor-
rection of an editorial error in the Japanese language speci-
fication, which correction was made to delete an occurrence of
a Japanese term translated as "said cell walls", which was
inadvertently contained in the Japanese language specification
at a portion where the above-mentioned term has no relation to
the context, the correction (i.e., the deletion of the above-
mentioned term) was already effected in the English transla-

tion of the Japanese language specification filed on March 3,



25

v, NOw)
o

1998, and, therefore, the attached copies of replacement pages

165 and 166 are identical to pages 165 and 166 of the English

language specification filed on March 3, 1998.

Shiro INCUE
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one of claims 1 to 9, wherein said non-agqueous electro-
lytic liquid is a solution of an electrolyte in a non-

agqueous solvent.

11. The hybrid polymeric electrolyte according to

claim 10, wherein said electrolyte is a lithium salt.

12. The hybrid polymeric electrolyte according to
claim 10 or 11, wherein said non-aqueous solvent com-
prises at least one compound selected from the group
consisting of a carbonate compound and an ester com-

pound.

13.. The hybrid polymeric electrolyte according to any
one of claims 1 to 12, which is in the form of a sheet

having a thickness of from 5 to 500 um.

14. A method for producing a hybrid polymeric electro-
lyte according to claim 1, comprising impregnating a
closed-cell cellular polymer foam with a non-aqueous
electrolytic liquid selected from the group consisting
of a solution of an electrolyte in a non-aqueous sol-
vent and a liquid electrolyte, said polymer foam having
a plurality of closed cells defined by cell walls

constituting a continuous solid polymer matrix of said
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polymer foam.

15. The method according to claim 14, wherein the
amount of said plurality of closed cells of the polymer
foam is in the range of from 5 to 98 % by volume, based

on the entire volume of said polymer foam.

16. The method according to claim 15, wherein said
plurality of closed cells comprise first and second
fractions of closed cells, respectively, having a size
of from 1 to 50 ym and a size of larger than 50 um,
each in terms of the average value of the long axis and
short axis of each closed cell and wherein said first
and second fractions of closed cells are, respectively,
present in an amount of 60 % or more by volume and in

an amount of less than 40 % by volume, each based on

the total volume of said plurality of closed cells.

17. The method according to any one of claims 14 to
16, wherein said impregnation of the polymer foam with
the non-aqueous electrolytic liquid is conducted at a

temperature of from 35 to 200 °C.

18. The method according to any one of claims 14 to

17, wherein said non-aqueous electrdlytic liquid fur-



