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1 DESCRI PTI ON POLYMERI C ELECTROLYTE, METHOD FOR
PRODUCTI ON THERECF, = AND ELECTROCHEM CAL ELEMENT
TECHNI CAL FI ELD [0001] The present invention rel ates
to a polynmer electrolyte with high ionic conductivity
conprising a 5 copolyner of,an ethylenically
unsat ur ated conpound and car%on nonoxi de, and a
process for produci ng tgesspieriofhe present invention
further relates to an electrochem cal device using

t heopoliyRes elLectrolyte, mbredphasrerreblentoli gyEdEOF,
| eakage resi stance, heat 10 resi stance, and safe

performance. HeNpi DBECBROCHIGI CRPOEYDBENDT an

et hyl eni cal | y unsaturated conpound and car bon nonoxi de
i ncl udes exanples of an alternative copol yner as well,
and both are also collectively represented as an 15
(alternative) copol yner dependi ng on the context of
expl anati on. BACKGROUND ART [0002] As portable

i NFBERNEICBh HéBLBes such as a 20 | aptop conputer and
a cellul ar phone have becone popular, a denmand for

el éBPPbtheni cal devices such as a primary battery, a
secondary battery and an electric 2 _dou

capaC|tor usedcaBrpEGRF §8B6FFé§nfG?l?F@S|H@LSCEQlHQQI
B AL LIGEERE hEohSyBRLL BRI 89 e 8hng o
copolymer of an ethylenically unsaturated compound and
carbon monoxide, and a process for producing the same.
The present invention further relates to an
electrochemical device using the polymer electrolyte
which has excellent liguid leakage resistance, heat
resistance, and safe performance.

Hereinafter, the copolymer of an
ethylenically unsaturated compound and carbon monoxide
includes examples of an alternative copolymer as well,
and both are also collectively represented as an
(alternative) copolymer depending on the context of

explanation.

BACKGROUND ART
[0002]
As portable information devices such as a

laptep computer and a cellular phone have become

popular, a demand for electrochemical devices such as a

primary battery, a secondary battery and an electric
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conpact and light, and frominto a thin film and 5
si mul taneously inprovenent of reliability is also
expected. In recent years, in addition to power
supplies for portable informati on devices new
appl i cations such as power sgpplies for a hybrid

el ectric car and energy storage have been devel oped,

1Qd@@91éhy§y@§V§a £80:HeaysE8d; EOpBHéEhgﬁpbﬁEEQV%okh%he
reliability. [0003] An electrolyte solution in which

ande ¢l €€ r@éyt@apﬁalyl sndkesebded T8 assphyentulsrly
generally 15 used in an el ectrochem cal device, and

whesgt eakdgeot | tue ge antefurbbremboatl detriobyt €0 be
sol ution are non- aqueous el ectrolyte solutions,

t routpast sawé hsghtat ahilngromr énandasehinngifin; eaade
caused, which make a nmmjor factor in inpairing the
reﬂralblwwouat)YAt@@r@Vﬁ@eyt oheselppbblefy éanabeo
solved by using a solid electrolyte in place of an
el BRFSHSEe sRUEPERNT PEREFcubBr RYdiRipBl fRePOVEr
electrgJn te_is eas in filmand has

o an DS et o eeb e obareraat 1an dpvIReR. Pty and
th hi ghl
E LR fnd Sh s PRRULR, B8087: 081 FLE2, nykP0d
h b
Lieziﬁ’@ t %{(56%?20%%%‘9 Engrey| s06YLEe ALEeD 88?‘8”%%?%0?6‘1
SI4KGE chis YSvd |58 V- EGRDELET:D h@ﬁr’cﬁ@&:%ﬁﬁ?é%t Lty

was produced by conposite formation of a certain kind
ofremiMsdiiveial salt with a poly(ethyl ene

oxi de) - base

00031

An electrolyte solution in which an
electrolyte salt is dissolved in a solvent is generally
used in an electrochemical device, and when leakage
liquid and further an electrolyte solution are non-
aqueous electrolyte solutions, troubles such as
catching fire and setting fire are caused, which make a
major factor in impairing the reliability.
Accordingly, these problems can be solved by using a
solid electrolyte in place of an electrolyte sclution.
Particularly, a polymer electrolyte is easy to form a
thin film and has excellent mechanical properties and
flexibility, and therefore is a highly promising
material.
[0004]

From such viewpoints, many investigations

with respect to a polymer electrolyte have been made



5 high polynmer (see Non-Patent Docunent 1). [0005]
Pat ent Docunent 1 proposes seni-solid gel- type

pol ymer el ectrol ytes conpri sing met hyl

pol ynmet hacryl ate, electrolyte salts such as LiC1lO4 or
10 Li BF4, and organic solven%. [ 0006] Patent Docunent
2 proposes an el ectrochem ca generator using an al

sobidrtype PQEYQEénﬁlﬁﬁéEglﬁhge b@eﬂhhﬁhyaﬁroposals since
electrolyte salt is solid-solubilized in"a 15 high

poly Meds CONE 8t DY NPepoheb@r BLOM 5HER BSnaXYEERi8K was
ni trogen, and pol y(ethyl ene oxide) and a pol yam ne,

arprodhoatd lag exappseseofoampolypnebfmat eerabhinnkihe of
docunent. [0007] 20 Patent Docunent 3 proposes a
getlkype petyhesalel etthohypelygdapbgienenokndehi-basan
electrolyte salt is dissolved in a mxture of a high
S potilrpebyiney 4sedi BpecPatentoRscamensf 14.or nore and
an_organi c solvent having a dielectric constant of 10
or [%®Y2e! and shows 25 that exanpl es of a pol yner

mat eri al satés |ng such a ieqU|renent i n¢l ud

nitroceIIqu %tpﬂ%ﬁﬁme?Es nprOBBF9§|ﬁ9WFd§ﬁiid gel-
[Lagud de pbucerulpplisiLe ango-ollgrogul jonat oo
© ALIN O 8 Elgel s Lot o LiET
10 POSi g1, faand organic solvent.
[0006]
Patent Document 2 proposes an electrochemical
generator using an all solid-type polymer electrolyte
in which an electrolyte salt is solid-solubilized in a

15 high polymer containing a heterocatom such as oxygen or
nitrogen, and poly(ethylene oxide) and a polyamine, are
shown as examples of a polymer material in the
document.

[0007]

20 Patent Document 3 proposes a gel-type polymer
electrolyte composition in which an electrolyte salt is
dissolved in a mixture of a high polymer having a
dielectric constant of 4 or more and an organic solvent
having a dielectric constant of 10 or more, and shows

25 that examples of a polymer material satisfying such a
requirement include nitrocellulose, a phenol resin,
polyvinylidene fluoride, polyacrylonitrile and

chlorosulfonated polyethylene.



*

5 el ectrode, and shows that exanples of the solid

el ectrol yte include polyner electrolytes using a

vi nyl i dene fluoride copol yner, polyvinyl chloride,
pol yvi nyl acetate, polyvinyl pyrrolidone or the Iike.
[0009] 10 Patent Docunent 5 proposes an ionic
conductive solid conposition‘using a polyner materi al
angog@§rloses pol ysi | oxane as an excel | ent pol yner
mat eri a [0010] 15 Patent Docunent 6 discloses a

hybrid ion pepeyet pbclmbng ANdOX¥¥ebB¥EERClithium solid
(nmeth)acryl ate polyner. [0011] Further, Patent

Doslesento Iyt sek Db ess dngi metel CobHtQh ¥€ a negative
crosslinking-type resin conposition based on 20 an
al ¢ phat redepang mesah, cPal engebbdanent a8pdssthioses a
pol yner el ectrol yte based on pol yphosphazene, Patent
5DU€Uﬁ%hrO@edi@nﬁosb@wanth@hiexemp&aetbﬁetpelynéﬁd
| ex conprising polyal kyl ene_carbonate, netal salts
Pl ¥t ol e ﬁdeFﬁ?éh@eEb@&ﬁﬁhFOlEtQﬁs@ﬁé§§saa 25

%%QE%} olid electrolyte and a Xner solid
@% ec%+v°a§?ﬁgcaaP§mm@Fhaﬁ@ YEhBY PafBAPTide,
di scl pses

%f'e Tindt 2eskaf8r ol Sa Bt RY R Ep STl &r cbhel Like-

@&q d above, wth respect to a pol yner
rolyte, two kinds of polynmer materials of an al

10SOIId type pg é%&ﬁ# S&S&@éﬁ%yﬁe £8 Eéé'QQ 2oRQLY Mer

mat eri al and an ectrolyte salt and a gel -type
Fxﬁdﬁ&ﬁct§$@C§6Pi&t@oﬂ@é@ﬂtﬂbﬁhu§1ﬁ8|XWBBl?ﬁéﬁrhéheﬁﬂgl

an electrolyte salt, and further a solvent have been
and discloses polysiloxane as an excellent polymer
material. |
[0010]

15 Patent Document 6 discloses a hybrid ion
conductor using an oxyethylene (meth)acrylate polymer.
[0011]

Further, Patent Document 7 discloses an ionic
conductive crosslinking-type resin composition based on

20 an aliphatic epoxy resin, Patent Document 8 discloses a
polymer electrolyte based on polyphosphazene, Patent
Document % discloses an ionic conductive polymer
complex comprising polyalkylene carbonate, metal salts
and organic scolvent, Patent Document 10 discloses a

25 polymer solid electrolyte and a polymer solid
electrolyte cell using polyurethane, and Patent

Document 11 discloses, for example, an lonic conductive

composition based on polyvinyl alcohol.
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proposed, but the follow ng significant problemstil

remains. That is, no material achieving practically

satisfying ionic conductivity was proposed for an al

solid-type polyner electrolyte. Further, a |arge

amount of solvent had to be pgixed to obtain practica

15 ionic conductivity in the case of a gel-type

pory@ﬁj el ectrolyte. Therefore, fromthe viewpoint of

re iabiiity, reliability of each of these electrolytes

is only a | exel dbettebetihapot8at wothanegpeetr eehanbeakmer

devi ce using a conventional liquid electrolyte, and 2

t helsedi ghlyed) abivbi kyndsi gi npblymexpratedibds af an all

pol ymer electrolyte was not achieved. [0014]

Theekditeype keepymegri alécheoltd conpmeedihngl ezpbilgmeaf

a lithiumion secondary battery, 25 it was proposed

t dnaippriah podyaerebiecrebyyeesadtaanit hi gmirdwpe polymer

secondary_ battery (see Patent_Docunent 12). Ther eby,

r e eFObYt e PhikgRerithedt POl yRerngaatpeial apdi 98y

conducted, and a |ithiumion secondary battery 6  using

a YT t3RLY vo %Jeﬁ;' e?%g]t FBFEP%rV\ﬁSSOXBﬁﬂ’EFEP Bi begn

However s descy. be ove, this l-_type nmer. ..

s Te BEh thn et EEPEFae ShanREL SR Y B BRARR rat

lﬂéghéf%éability originally expected for a 5 pol yner

el'ectrolyte was not obtained. As a result, in a

li fdpi4q i on secondary battery nmarket, nost of the

product is occupied by the one using a liquid

el ectrol yte spge the, nBé kehtSPaEE 9Eh@ebihhl PPukONcally

secondary battery using a gel -type polyner electrolyte
satisfying ionic conductivity was proposed for an all

solid-type polymer electrolyte. Further, a large
amount of solvent had to be mixed to obtain practical
ionic conductivity in the case of a gel-type polymer
electrolyte. Therefore, from the viewpoint of
reliability, reliability of each of these electrolytes
is only a level better than that of an electrochemical
device using a conventional liquid electrolyte, and
thus high reliability originally expected for a polymer
electrolyte was not achieved.

[(0014]

Thereafter, keeping in line with
commercialization of a lithium ion secondary battery,
it was proposed to apply a polymer electrolyte to a
lithium ion secondary battery (see Patent Document 12).
Thereby, research of a polymer electrolyte has been

actively conducted and a lithium ion secondary battery




10 is extrenely small. In order to solve this problem
various polyner materials have been investigated since
t hen, and Patent Docunment 13 proposes an ionic
conductive pol ynmer electrolyte conprising a polyner A
havi ng a carbonyl group (1 tg 40% by meight), a 15

pol y(vi nylidene fluoride)-baSed polyner B (20 to 70%

bYy s Yol %Jt%;elatysé ab%§?inérceiécwo§9%bma@m ght) and

an organic sol vent to 85% by wei ght). Herein,

pr ebf @bt €2 eX288| esnefietBe, PakyABEcAi haui aaoeegartm@,ybel-
group i nclude pol yesters, polycarbonates and pol yester

20t g booRyeer abndcthel ptBetonxaimbasat hargef amvuhiesb £
i ncl ude pol yam des, pol ypeptides, pol yurethanes and
potykee¢nmnesandioheger rel habisysyeorabinatdnt akpscaed for a
| arge anount of organic solvent, and the ionic

5 caprellignéwi eyeterabytal vagsnshat pbtaingd. 25Ap0818ksAdt, in
descri bed above, although a lithiumion secondary
bad t b yhidnnioa geEongply pepyyheEyemaskesl yResti efpthe
|nto gract|cal use, for onlx partial application 7 of

St oh? UNEFUBLEE PV e8Ne naEr UBiLBEI Bnd 1A

d I f I h
préﬁ%”ﬁéﬁsﬁ%ﬁ?rﬁ e o5by P BT SheL ik Gl 2oh"e

P T L E ST R AT 74 1985567 PaP ah ﬁﬁ%i%fn%%m%yte

10 JF’-sA &8t Hdmd 1y srﬁ’é‘if”t Aﬁg gg%Sgb 4616e5Pn230828010n,

Pat ent Docuneht
various polymer materlals have been investigated since

then, and Patent Document 13 proposes an ionic
conductive polymer electrolyte comprising a polymer A
having a carbonyl group (1 to 40% by weight), a

15 poly(vinylidene fluoride)-based polymer B (20 to 70% by
weight), a metal salt C (1 to 50% by weight) and an
organic solvent D (20 to 85% by weight). Herein,
preferable examples of the polymer A having a carbonyl
group include polyesters, polycarbonates and polyester

20 carbonates, and the other examples thereof further
include polyamides, polypeptides, polyurethanes and
polyketones. However, this system alsoc contains a
large amount of organic solvent, and the ionic
conductivity is not always satisfying.

25 [0015]

As described above, although a lithium ion

secondary battery using a gel-type polymer electrolyte

is put into practical usé for only partial application
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Pat ent Docunent 7: JP-A-60-248724 Patent Docunent 8:
JP- A-61-254626 Patent Document 9: JP-A-62-030147

Pat ent Document 10: JP-A-01-197974 15 Pat ent Docunent
11: JP- A-01- 284508 Patent Docunent 12: JP-A-01-241767
Pat ent Docunent 13: JP-A-11-060870 Non- Patent

Docunment 1. P. V. Wight, Polyner, 14, 589 (1973) 20

DI Fcd G h SVENT T OBl PROBLENG F O, BEL $OYERLBY 1
THE | NVENTION” [ 0017] As descri bed above, it was

di f#&h&uh t i Odedal bsh¥nPObhR éhﬁol?ﬁb@ eoBeYebilyicky ian@he
reliability in 25 a conventional polyner electrolyte.

Pastésetharsjtuatiecent years, the field of large-scale
application such as a hybrid electric car requiring
hi ph@lereliability 8 has been devel oped, and the
requi rement of intrinsic reliability which a polyner
el ectrol yte Bhbentd Documentl Ly AEvA-hAs1BéBAli ncreased
nore than ever. Further, a polyner electrolyte is
usual | y usedPateRt sPacghensl £ agePoh-2000988B0nore in
this field of | arge- scal e application, _and a pol yner
e 3t

el ectrol yte ECARS ?@HQPEn ggﬁaﬁé?r§ﬁ§95§nd hi gh
clectrode | hATCTRC FRoURRRt FacvBrarSBrbderade | Lo
Tt ok PholHilnDL Y0 A%aeht agfagel OO

Patent Document 6: JP-A-60-031555

Patent Document 7: JP-A-60-248724

Patent Document 8: JP-A-61-254626

Patent Document 9: JP-A-62-030147

Patent Document 10: JP-A-01-197974

Patent Document 11: JP-A-01-284508

Patent Document 12: JP-A-01-241767

Patent Document 13: JP-A-11-060870

Non-Patent Document 1: P. V. Wright, Polymer,

14, 589 (1973)

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0017]

As described above, it was difficult to
satisfy both the ionic conductivity and reliability in
a conventional polymer electrolyte. Particularly in
recent years, the field of large-scale application such

as a hybrid electric car requiring higher reliability



t hese problens and provides an all solid-type polyner
el ectrol yte having high ionic conductivity by
selecting 15 a specific polyner material, a gel-type
pol ymer el ectrolyte having high ionic conductivity by
adding a snmall anmount of a solvent within an extent
not inpairing reliability, and a process for

PrQgycEogy g@sgfoﬁgacts HYLRE: ¢ Fgmgfﬂ tth%fpfg%%%sm

i nvention 2 SO provi es an el ectiochem cal devi ce

hayéngabfrggylﬁﬂicﬁuapgblgm@&ae&@&t§bugﬁeagﬁoﬂuah
reliability ~by using theSe polynmer el éctrol ytes

VEANSy FORL SPLNA NG AkE BREBLENBreh8049hmo25 Fhanpessent
i nventors have nmade intensive studies in order to
sofwethde, abopelpeatri ebedtpodbtenis uldsadlyesdkd, atea
have found that the above-nentioned problens can be

Ssohvegl bylusgagofnl(al Veonatmbve) i8 thaopolfyséd off darge-
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ethyl eni cally unsaturated conpound and carbon
rmﬁ%@d@leappba@aﬁgono ene presémmerngéactonlytf0d20ng
yner electrolyte of the present 5 inventionis a
pomy%%rl%mé%t@%P?@@té6h5V|§nﬁghagbor9kéablﬁatgrhas kegn
an electrg ¥te sa or a po a_sol vent
c

SRR IPE ol 1afhoa PRLE R s, FRGtF Ry anaRs Lovhe

oLyner terl

it e L 0n PO Be ¥EUGTE L pBr h08 POLYUEE T SLLA hign

u d conmpound and 1 to 50 nol % of carbon
$§¥§$%é§§[0021] Further, the polyner electrolyte of
thepois]

The present invention has been made to solve
these problems and provides an all solid-type polymer
electrolyte having high ionic conductivity by selecting
a specific polymer material, a gel-type polymer
electrolyte having high ionic conductivity by adding a
small amount of a solvent within an extent not
impairing reliability, and a process for producing
these electrolytes. Further, the present invention
also provides an electrochemical device having
excellent output characteristics and high reliability
by using these polymer electrolytes.

MEANS FOR SOLVING THE PROBLEMS
[0019]

The present inventors have made intensive
studies in order to solve the above-mentioned problems.
As a result, we have found that the above-mentioned

problems can be solved by using an {alternative)



present invention is a polynmer electrolyte conprising
a 15 polynmer material and an electrolyte salt, or a
polymer nmaterial, a solvent and an electrolyte salt,
characterized in that 100% by wei ght of the pol ynmer
material is a copolyner of 50 to 99 nol % of an
ethylenically unsat urated conpound and 1 to 50 nol % of
X : h I t
Co P PO o phee ADU e VAL AT: phSh bR AL e EoPL RN and
0 @irbOBI foABH1 HESS1EHaMNG3 8% hk0B22keRYr t Rokntlbe .
pol ymer electrolyte of thé 25 present invention is
chpp@goerized in that the copolymer conprises an
alternative copolyner of an ethylenically unsaturated
conpound andAcashemepoadecdeclyfb8028] the pkusther, a
process for producing the polyner electrolyte of the

Sprisesntiomensi anposynhar ateetrpddtebyonpmpsiisong phéymer

steps of:_ dissolving a polyner material conprising
6@%@%&%@@%@06%@9%@9%@ galts of a pepomgier of
50 to 99 nol % of an ethylenically unsaturated
cdﬁ%%aalanda 159 6VEDt ndl'd, BR BAPBEACLHBRORAME i n a

which 30% b h 90% b h _
ST R Tea S LR cof b PRiantobpy LRPY by hetont
fcgfnggkt eliﬁgglﬁéggrlaftyéf AE%BS?YPEE gggF ﬁ%¥99 mol%

shape; a Movi ng a part

10[09:?4a1n UL O m#?fl rQﬁQé'éuLQEe?rg%M?éﬂgdt Bfa ROLYT8YH
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el ectrolyte 0 e present I nven
mol% of carbon monoxide.

[0021]

Further, the polymer electrolyte of the
present invention is a polymer electrolyte comprising a
polymer material and an electrolyte salt, or a polymer
material, a solvent and an electrolyte salt,
characterized in that 100% by weight of the polymer
material is a copolymer of 50 to 99 mol% of an
ethylenically unsaturated compound and 1 to 50 mol% of
carbon monoxide, and a weight ratio of the solvent to a
total of the solvent and the polymer material is 0 or
more and less than 33.3%.

[0022]

Further, the polymer electrolyte of the
present invention is characterized in that the
copolymer comprises an alternative copolymer of an
ethylenically unsaturated compound and carbon monoxide.

[0023]



15 characterized by conprising the steps of:

di ssolving a copolyner of 50 to 99 nol % of an
ethylenically wunsaturated conpound and 1 to 50 nol %
of carbon nonoxide in a solution in which 30% by

wei ght to 90% by wei ght of % electrolyte salt is

di ssolved in a 20 solvent; foormng the resulting

m xture intopapy Lb'ye%ggg?pgm BUCLRERKLN9N BRAYmer

or all of the ~solvent er, proce

f 081 DEOLHYTY P éhetn85p9@5¥ﬂ%rlﬁbeﬁtaehy&% GhatB@terized
present invention is ~characterized by conprising the

stiepScohpr di 568! ¥hads@BpsabEer H@bb&ﬂ@v@ﬁ@obyg@ﬂyﬁ%ran
et hylenically unsaturated conpound and car

nmonoiée dea i ncamsol sihgnesn7ehbehwdghtltoby 00Ri gt wedght
90% by wei ght of an electrolyte salt is dissolved in

Sa sblvemppolpnaingft he rtesBBtmnginpLt eneethyilenanally
arbitrary shape; and renoving a part or all of the
sd¢W%®¥ur%t?@026Tp¢uﬂ@héﬂd éntélé@tm@éﬁeﬁfcaﬁrb@vlce
of the present invention is characterjzed by using
t HeORPBde Hendi sakut bonykdr waEekt PBRyPE BRiBhs £0"90% by
pres entio EFFECTS THE |, NVENTI 10 [0027]
Th‘é%%”'yn% %ﬁle%f%m o RECpl8SBhESOLAGEnE o w

Coneber b Souy bR FYPEYE TPR BatPEFBn o E "

oSS et L5 b LS A
eX$el v SiH |
[0024]
Further, the process for producing the
polymer electrolyte of the present invention is
15 characterized by comprising the steps of: dissolving a
copolymer of 50 to 99 mol% of an ethylenically
unsaturated compound and 1 to 50 mol% of carbon
monoxide in a solution in which 30% by weight to 90% by
weight of an electrolyte salt is dissolved in a
20 solvent; forming the resulting mixture into an
arbitrary shape; and removing a part or all of the
solvent.
[0025]
Further, the process for precducing the
25 polymer electrolyte of the present invention is
characterized by comprising the steps of: dissolving an
alternative copolymer of an ethylenically unsaturated

compound and carbon monoxide in a solution in which 30%



out put characteristics. BEST MODE FOR CARRYI NG QUT THE
| NVENTI ON [ 0028] Hereinafter, the present invention
will be 20 specifically described. [0029] One of the
characteristics of the present invention is that an
(alternative) copol yner of ethylenically
unsat ur ated conpound and carbon nonoxi de 25 is used as
a I l pct vie. ok 0},sA.¢0 a :
TSR A ST e O N
etdyt enevandi Rr 9PYL ePEnt ANEoeAl RGN+ hBPRA%LAR 1 R8Smixture
phot osensitivity based on a carbonyl group contained

| niecoean ghBioretyt Brapel yaRe, randvahbent parkt bBasall of
been paid to this copolyner as a photosensitive 5
potlyeresobeeeti al and an easily photodi si ntegrated

pol ymer material for long tine. It is known as the

Smah@$aet uri ng nethod that the copol yner is obtained by
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thermal polynerization or_radical polynerization of an

et hyl eni cal | junhRerur anetdleohpoghanandlcdesbrenofoknge

10 in the presence of an initiator such as peroxides,
asPTPLRF o5RYCRRLOT oF S eRBABREC Y PzAds DY 3468 JaRhe above-
JP-A-53- 1 8699. éOOBg% The_ present Envention IS based
oS R PRAG g 1RE ¢ B CFH%lga?y r LBPeBFPSPYLe LREGPRGON -

hi é@?écogﬁﬁﬁﬁuf&b§h$¥oﬁa” be obtained by using this
copol'yner 0
[0027]

The polymer electrolyte of the present
invention will achieve an effect satisfying both high
ionic conductivity and reliability. 1In addition, the
electrochemical device of the present invention will

achieve an effect having high reliability and excellent

output characteristics.

BEST MODE FOR CARRYING OUT THE INVENTION
[0028]

Hereinafter, the present invention will be
specifically described.
[0029]

One of the characteristics of the present
invention is that an (alternative) copolymer of an
ethylenically unsaturated compound and carbon monoxide
is used as a polymer electrolyte.

[0030]

A copolymer of an ethylenically unsaturated



an ethylenically unsaturated conmpound and carbon
nmonoxi de. [0032] 20 However, the copol yner obtained
in the above- nentioned radical polynerization was a
random copol ynmer having a | ow carbon nonoxi de
content. [0033] Meanwhil e, Hggre has been recently

found a 25 nethod copol yneri“zing an ethylenically

U”é@@@ééﬁ&dsgeggBQUQQh .LHe9§BBOEF§EgQéEQe ahg carbog

copolynerize coordi nation p iizali on using

tradsbki 98 RELEabnho£09BAYNE i vSHGhpaseRabhadl WAV 88nd1 group
catal yst, as disclosed 13 in, for exanple,

JPednO1i 093228 a ARadht EhA2KI Y€ tBEPRLYIREY], Nawdl G taftion
et hyl eni cal | y unsaturated conmpound and car bon

nonox i Ioeedar pa ddit eonBhivetbypolopekyner ezelocaeheitive
obt ai ned by this coordination 5 polynerization.

5[ oo3Ujmdhenpresetal andeati easidyapbotbdiedntrgtrheed
finding that a polymer electrolyte having high ionic
caveilivheyi mgtennabefobt Abngdtbyeusi A 4R Ahpwnnasi wbe
10 copol ymer of an ethylenically unsaturated conpound
arfRn e Goar hawoRe Beod| bbas) tERanpPedyBert he obtained by
ethylenically unsaturated conmpound used in_the,

A+ RehYTOh FALYeCh- T8 6Ref PRAYBGERZGS1on of an
et hyl ene, . pr l ene, 1-butene, 1 hexene, 1l-octene and,
T GeREhEn i kR ThEs bRERF RS COMRBHAts~Gtchi> Ao JraRa.de
10a'f@tayésﬁyéggﬁcgngfpén initiator such as peroxides, as
disclosed in, for example, JP-A-50-34087 and JP-A-53-
128690.
[0031]
The present invention is based on the finding

15 that the polymer electrolyte having high ionic
conductivity can be obtained by using this copolymer of
an ethylenically unsaturated compound and carbon
monoxide.

[0032]

20 However, the copolymer obtained in the above-
mentioned radical polymerization was a random copolymer
having a low carbon monoxide content.

[0033]
Meanwhile, there has been recently found a

25 method copolymerizing an ethylenically unsaturated
compound with carbon monoxide are copolymerized by

coordination polymerization using a transition metal

compound, such as palladium as a catalyst, as disclosed
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met hyl styrene; cyclic ol efins such as cycl opent ene,
nor bor nene and 5- et hyl nor bornene; vinyl halides such
20 as vinyl chloride; and acrylic acid esters such as
et hyl acryl ate and net hyl nethacrylate. [ 0036] Anong
these, a preferable ethyleni qﬁn unsat ur at ed
conpound is a-olefins, and re 25 preferable

et hyl e@gfagkgmgméat ybaheelceggggg. na-al%' g& RS ve

havi hg arbon atons es& et enlcally
unsgby1 ghed §9npﬁyegsaﬁaetﬁ§1e9§ca§§9 %h%%Eﬁr%Ee@S a

m xture of a plurality thereof. Wen a plurality of

t heofipsRRUNgsd acgrys8dnbabxtine a2kt aNRAEHYE 1G@NY YEr,
any one of ethylenically wunsaturated conpounds may be

al tepodymyel yed capobgnebtaetdedl by eatbBoRoBREGNEHE ON

[0038] As a polynerization nethod for a copol yner

t elymsenbzatnonlt ernati ve copol yner, polynerization

by a thermal polynerization initiator as descri bed

abb@%3éb i s possible, and exanples of the initiator

i nclude peroxi des such as benzoyl peroxide, |aul oyl

peroxide dfbe- BH??PnBeFBY?HEloﬂlé@n?ﬂsﬁepé%ﬁéeoénéhe
g % %dro per oxi de; and azo conmpounds such as

az Jon 13%b fe% o?nre?%Vlaeanalailaspévsﬁehsﬁwe. pdghadogic

1 on fOI‘ meril, zati on olutio

oor SRAITELY FEn S8 St yoRER el Bk FoRATnaR AaERrRE tEXs
be éﬁ%fﬁﬁgg o%ogﬁgéthylenlcally unsaturated compound and

carbon monoxide.
[0035]

Examples of the ethylenically unsaturated
compound used in the present invention include o-
clefins such as ethylene, propylene, 1l-butene, 1-
hexene, l-octene and l1-decene; alkenyl aromatic
compounds such as styrene, oa-methylstyrene and p-
methylstyrene; cyclic olefins such as cyclopentene,
norbornene and 5-methylnorbornene; vinyl halides such
as vinyl chloride; and acrylic acid esters such as
ethyl acrylate and methyl methacrylate.

[0036]

Among these, a preferable ethylenically
unsaturated compound is a-olefins, and a more
preferable ethylenically unsaturated compound is a-
olefins having 2 to 4 carbon atoms.

[0037]

These ethylenically unsaturated compounds can



As a coordination polynerization catalyst for 20
produci ng an alternative copol yner, a conbination of
t hree conponents of a transition netal conpound,
particularly a palladi um conpound, a conpound acting
as a ligand of palladiun1aqg an anion is preferred.
As the pall adi um conpound, rboxylates phosphat es,
25bgar9@aag§§glg btoag! g5m; heLkAes 0L PaLiadium Qhelde.
ke are use speci fic exanple ereo clude
pakhadi anpagesat ey bal Ladi BEMBULKES! GrePakbadicd® the
trifluoroacetate, palladi um phosphate, palladium 15
acelyéaget 0vat eoppalhad] uanyr bhkusrosehiaeasehkiionat e,
pal | adi um chl ori de, and bi s(N, N di et hyl car banat e)
bi sif sla et hyt adi noppathddi may bgO084QkrhaExasples of the
conpound acting as a ligand of palladiuminclude

5 antpec basedi zedpelundscandonpnosphiide~ based conpounds.

Furt her, exanples of the anion include an anion of an
i nbY¢3h] ¢ acid such as sulfuric acid, nitric acid,
perchloric acid or 10 phosphoric acid; and an ani on of

an organi c oFd2sPehyMasiERtiPRoNehhedater @ copolymer
nmet hanesul f oni c acLF?and trlfluoionethaneiulfonlc

act et (BOATT @he? ?naEﬁVEtE9PB V@ﬁFPyPB ¥Regizasdon by
15 b d
L2 EUPRUY 800 REL 00N TRROHL 05 BLCRRCLYEREL S bove

1od' 3%ygglﬁied'&ﬁ&r§§9m§g§§ppke§ flapﬁl Qhéﬁgﬁfﬁﬁde
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25

rizattoh inclu

F”é&%ﬁ%&de§3§ﬁéﬁeas”@éﬂ¥5y§t5¥ko§§889elagisymybe§5§§6e,

di-t-butyl peroxide, dicumyl peroxide and t-butyl
hydroperoxide; and azo compounds such as
azobisisobutyronitrile and azobisvaleronitrile. As a
polymerization form, bulk polymerization, solution
polymerization, slurry polymerization and the like can
be selected.

[0039]

As a coordination polymerization catalyst for
producing an alternative copolymer, a combination of
three components of altransition metal compound,
particularly a palladium compound, a compound acting as
a ligand of palladium and an anion is preferred. As
the palladium compound, carboxylates, phosphates,
carbamates, sulfonates, halides of palladium or the
like are used, and specific examples thereof include
palladium acetate, palladium butyrate, palladium

trifluorcacetate, palladium phosphate, palladium



20 tetrahydrofuran, ethyl acetate and acetonitrile.
[0042] Polynerization tenperature is usually in a
range of 20C to 200C, and preferably 70C to 150C. An
(alternative) copolyner of an ethylenically

unsat urated 25 conpound and rbon nonoxi de used in
the present invention can Qggobtained by

D ooy 4B R S OGP T  otp RS EnEay Popgte

[ 094B1adiiusasnbereasi | ¥ngopikNAEH-by a spectroscopic
anal ysi s nmet hod of 13C NMR or the |ike whether a

r epeat h pUcabimdes ) ved (HLeahanagt Ayh pal cakk ymd
unsat urated conpound and a repeating unit derived from
caf®of0 honoxi de are substantially alternatively
arranged in this polyner. [0044] A copol ynerization
Srati o can beExanpies| efl, théOcbmpoardnpkeinhyaa ehdngend
ratio of an ethylenically unsaturated conpound to
carbhore hbadkimelnghdda asspetpasedi aomapshdshandol ar
rati o of carbon nonoxide is in a range of 1 to 50%
cANPEPREMRTPFSBBt GPHRAUNER. oFHBEDES 0BEREANRLEBgREr the
i oni c_condu the nolLar 15 ratio, of car

OO o L B 8 ABTY58 B6 SD9FANATARbFespiet SREI §°
10 Lep0le (00451 fi Vet AL Byer 2o, L SEULBL ELont o
1ogre é%%@%§g%’%g%&?g@ﬁ&ngnaggiSQranaﬂnggégggcigcid such

as trifluorcacetate, methanesulfonic acid and
trifluoromethanesulfonic7acid.
[0041]
Generally, an ethylenically unsaturated
15 compound and carbon monoxide are copolymerized in the
presence of a solvent in which said catalyst is
dissolved or dispersed. Examples of the solvent for
polymerization include water, methanol, ethanol,
propanol, acetone, methyl ethyl ketone, diethyl ether,
20 tetrahydrofuran, ethyl acetate and acetonitrile.
[0042]

Polymerization temperature is usually in a
range of 20°C to 200°C, and preferably 70°C to 150°C. An
(alternative) copolymer of an ethylenically unsaturated

25 compound and carbon monoxide used in the present
invention can be obtained by polymerization under a
pressure of 1.013 x 10° Pa to 2.026 x 107 Pa (1 atm to

200 atm), if necessary.



1, 000, 000, and nore preferably 10,000 to 1, 000, 000.
[0046] The (alternative) copolyner of an

et hyl eni cal |y unsaturated conmpound and carbon nonoxi de
25 of the present invention may be used singly, but a
pol ymer el ectrolyte may be Epduced by m xi ng ot her

pol ynmer materials. Wen oth pol yner materials are
nir@g4§ pr use, 66.7 to 100% by wei ght of the 17
(alternative) copolyner in the total weight of the

pol yner ”Htettab§nl§epé§§$igeéon?§§ﬁéaeb§h§ %?é@k&b%%oplc
pol ynmer el ectrolyte has high ionic conductivi

usamgl ¥ Hes ahéEroat by e Tompiry B tHexad Mhéﬁl’ft&r b
pol ymer materials within a scope of the present
i nvem¢aoingfuniti darefédctsomuah ashiyipnavedert s of
nmechani cal strength, flexibility, noldability and
S chemszhiraesdistampeusdnabd abrepaetingt hodt Hepaivedndgrom

ionic conductivity. 10 [0047) Polymer materials to be

m @R PRyt PROX hPPr BPE | %F%ﬁ?ag*éﬂéé{ﬁ!da1§§ébﬁ§iﬁ§lw’o t he
purpose from the groups of polymer materials such as
V|%9¥an?ﬁﬁyh%rF9é§|Bﬂlym?an openi ng pol yneri zation-,

ﬁg?fnsatlon pol ymeri zation-, addition
[@ zation- and addition condensation-materials.

EX I th f | ud h f ol
D e ool AL OZcL U0 D PBLYIE o
t
o 9B M P S e,
C%W%é%ﬁ%été&CBoﬁﬁo@ﬁﬁy@&téQkBSﬁ ABHoxPQLY! 8RBT gNE;

pol yal kenyl - based pol yners and copol yners
copolymer in which the molar ratio of carbon monoxide
is in a range of 1 to 50% can be usually obtained. In
order to obtain higher ionic conductivity, the molar
15 ratio of carbon monoxide is preferably 5 to 50% and
more preferably 10 to 50%.
[0045]
A weight average molecular weight of an
(alternative) copolymer of an ethylenically unsaturated
20 compound and carbon monoxide is preferably 5,000 to
1,000,000, and more preferably 10,000 to 1,000,000.
[0046]
The {alternative) copolymer of an
ethylenically unsaturated compound and carbon monoxide
25 of the present invention may be used singly, but a
polymer electrolyte may be produced by mixing other

polymer materials. When other polymer materials are

mixed for use, 66.7 to 100% by weight of the



such as pol ystyrene and poly a-nethyl styrene; vinyl
est er-based pol yners and copol yners such as pol yvi nyl
acetate and pol yvinyl butyrate; vinyl ether-based 25
pol ynmers and copol yners such as pol y(nethyl vinyl

et her) and pol y(ethyl vinyl e}her); (et h) acryl at e-
based pol yners and copolyneﬂs such as pol ynet hyl
TeLhacEyhat evande gbxpm&x'iﬁCExeaESta@'h@&hﬁtb@%e%h£8
pol ymers and copol ynmers such as polyacrylonitrile and

po¢anp&@a0ﬁxteeh51glgs PrEFEgeBuCOBkah kBT theNHeshasat g
pol yners and copol yners such as pol yvinyl pyridine,

pobyVimyt éDkdazelgtephby higBt hyhvinybnayerakiidgne By
and 5 pol yacryl am de; fluorine-containing vinyl- and
vi nyingenkee batedrpat ywer sopotiynepohyretswstdahodser
pol yvi nyl fluoride and pol yvinylidene fluoride;
5 popykyher -basedipbsywetbinnd eoppkymér sheupheasnt
pol yet hyl ene oxi de and pol ypropyl ene oxi de; polyim ne
10l%%%@%l®@}yﬁ%ﬂ§taﬁﬂ e6peryAeFschush aBpporgaenyisend
i mne and pol ypropyl ene i m ne; _pol ythi o ether-based
pdl§rRFRiGHY Topenyhbr stiavhlasipyl yBehdrbhe 18y APde;
pol yam de:- based pol yners and copol rs.such _as nylon
b CHAHL PGT oRC BES T PBY S eSERr PBaSBHSRAY- BHERPHY 1BPAiFing
po%ggféiégﬁiggt£¥$§ and ot her pol yurethane-based
pol ynmer s and copo y%érs such as pol yet hyl ene
1otefgpipal ate and polylactic acid; and pol ycarbonat e-
based pol ynmers and copol yners. [0048] 20 Preferable

exanpl es of ?8lf$§£tﬁ9£¥£§a§§|£o Héeﬂiﬁédtﬁgypﬂéyner
el ectrolyte of the present 1nvention iInclude
| Nasigedt €1 50e1 s SELdcesd| i £&8rdth8Fdo the purpose, from
the groups of polymer materials such as vinyl
polymerization-, ring-opening polymerization-,

15 condensation polymerization-, addition polymerization-
and addition condensation-materials. Examples thereof
include the following polymer materials; polyolefin-
based polymers and copolymers such as polyethylene,
polypropylene and poly 4-methylpentene; polyalkadiene-

20 based polymers and copolymers such as polybutadiene and
polyisoprene; polyalkenyl-based polymers and copolymers
such as polystyrene and poly a-methylstyrene; vinyl
ester-based polymers and copolymers such as polyvinyl
acetate and polyvinyl butyrate; vinyl ether-based

25 polymers and copolymers such as poly(methyl vinyl
ether) and poly(ethyl vinyl ether):; {(meth)acrylate-
based polymers and copolymers such as polymethyl

methacrylate and polybutyl acrylate; nitrile-based



Li PF6, LiBr, Lil, LiSCN and Li AsF6; organic sul fonates
such as CH3SMELi and CF3SQ3Li; and sul fonyl imde
salts 25 such as (CF3SQ2) 2NLi, (CF3CF2SQ2)2NLi and
(CF3SM2) (CF3CF2S2) NLi. [0049] As a cation species of
t he above-nenti oned 19 eIe H#olyte salt, alkali netal
salts other than a Li salt, exanple, salts of

a'gélmeFBaéﬁdSHSBo§§me§9deEhaQ§ pBﬁ§%§'ﬁEbﬁ§%ﬁﬁh%oand

used. In addition; cation species”suc
$@b9me@hg@apgbﬁ@f¥l@gnvﬂhaEbéeaabbntaanhﬂgd%&ﬁb&u%bsed
a pyridiniumsalt and a “piperidiniumsalt can
alp@lpmeusedndTh@pampmeksoéubheaslgényehhy@ Sl diisel, N
a range of preferably 1 to 90% by wei ght, and nore
pred¢byabhyl Sihbdd58d by wpelghtN-hashgletnylepyatall iabnk0and
said polynmer material and said electrolyte salt.

5[ oosbyaarpbeyhde; efbeorodhgteonaaibéngbvangéd bpd
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conpl exi ng the above-nentioned polyner material and
el eERY bl yereshpsedandlynere AadechbpehYBsiveAticbnasl y
TR 1r’wi°%ﬁ%%m%ﬁapéPSaii’f%L%Xf“ag%sngopfb%?ih‘éT
R L
Y 00 B AT A, B e o=
rohares, REHSEL Vg BYpELGALLY VAR 99 BoRORUI prc
|Wﬁﬁﬁ&@aéﬁﬁgpéﬂﬁpﬁ&ﬁyiéﬁg thine; polythio ether-based
polymers and copolymers such as polyethylene sulfide;
polyamide-based polymers and copolymers such as nylon 6
and nylon 66; polyester-based ring-opening
_polymerization type and other polyurethane-based
polymers and copolymers such as polyethylene
terephthalate and polylactic acid; and polycarbonate-
based polymers and copolymers.
{0048]

Preferable examples of an electrolyte salt
used as the polymer electrolyte of the present
invention include inorganic salts such as LiCl0O,, LiBF,,
LiPFs, LiBr, LiI, LiSCN and LiAsFs; organic sulfonates
such as CH3SO3;Li and CF3S03Li; and sulfonyl imide salts
such as (CF350;),NLi, (CF3CF.S0;):;NLi and
(CF3502) (CF3CF,80,) NL1i.

[0049]

As a cation species of the above-mentioned



with a solution in which an electrolyte salt is 25

di ssolved in a solvent, and renoving a part or all of
the solvent (Method 2) 3. A nethod for obtaining a

pol ymer electrolyte by nelting and kneadi ng a pol yner
material and an s 20 electr%]yte salt (Method 3) 4. A
nmet hod for obtaining a polyner el ectrolyte by

d'éﬁ@&ﬂkﬁﬁy@@ §5§EtrghKEQISﬁbEaunsalk%Q%kﬂe%D%ﬂE%ra Qi
prepol yner, and then pol ymeri zi ng t hem (Met hod 4)

[ 0921f, Asca BREAPUef OEaceAPLEXAL kAN iOfheRaR@l ¥IRN as

material and an el ectrolyte salt in the present

i n¥edt wwnandnpogasheumboss- AEBbI baedsert hods, abktikads,

1 to 3 are preferred. A conplexation nethod will be

10caieseni specbesosuch] 8652h Alsphuent gsedefromry ammonium

conpl exation by Method 1 is water and/or a
Snofabjuedsinbfigent iumndaékanpl pyréofiinihe sedtagodoas

sol vent  include cyclic carbonates such 15 as propyl ene

can@%%%@lnéﬁﬁyﬁéié €aﬁbéh§9eb3nésﬁﬂnylene car bonat e;

i near carbonates such as djeth car bonat e, _ di net hyl

car bonat e anﬁ %tﬁ??uﬂﬁtﬂ§ltEﬁrBiﬁSF€°l¥§€lPélte§?e9§ a

h N hyl
2cErafe dhoPhebRymEheotare: ORE sﬁéégééeﬁ“agn%omg%éf%ne
t k h
Sk dp S SHHord; spEtbeat o
101, éaQ&O? @Pdmé érﬁéﬂE£H8X¥¢§BhégSctEBEgEEe§ guch as
acetonitrile and enzonltrl ; es suc |nethyl
[0050]

A polymer electrolyte can be obtained by
complexing the above-mentioned polymer material and
electrolyte salt, and there have‘been conventionally

15 known, for example, the following complexation methods.
1. A method for obtaining a polymer electrolyte
by dissolving a polymer material and an electrolyte
salt in a solvent in which both of them can be
dissolved, and then removing a part or all of the

20 solvent (Method 1)

2. A method for obtaining a polymer electrolyte
by firstly forming a polymer material into a shape such
as a film form, and then impregnating and swelling it
with a solution in which an electrolyte salt is

25 dissolved in a solvent, and removing a part or all of
the solvent (Method 2)

3. A method for obtaining a polymer electrolyte

by melting and kneading a polymer material and an



formam de, dinethyl acetoam de and

N- et hyl pyrrolidone; 25 and sul foranes. [0053]
Further, as a nodified nmethod of Method 1, a solution
in which an electrolyte salt is dissolved in 21 water
or an organic solvent at a hjgh concentration can be
used, and this nethod is a particularly useful when

the1apt Akl {aLi 829F ¢mEPABRgMBROXIi de within the pol ymer
mat eri al used by the present invention is high. The 5

copcentrati on @é-pBdekget bptYiRifgl h bBlihks easetir®lyte

appropriately selected, but preferably, the weight

rapy odbésahvehgchnokytetsalyyteosube tat al lwgught mohomer

the electrolyte salt and a solvent is 30% by wei ght

t 0808t epylyweght andntheor popyeéeiabhy, tBe%o Hiletbioght )

to 90% by 10 wei ght fromthe viewpoi nt of good
S5sol@®%11ty. [0054] A polynmer electrolyte of the

present invention can be obtained b¥_forn1ng t he

solution obtai dc@ebloehfernEPHBUSKAESCBNCAS Bi PPAVET
shape such as 15 a sheet a nmethod of coati ng,
cd@??%ﬁ%aEx??ﬁd?%gei?CtFﬂggF?k@?iﬁnanrEﬁﬁvpﬁﬁs NKar t
or,all of the solvent. In addition, an electrode,f
At DR Rnehiear tdvi SEOPEsTRYTAOPERy ReF iarge: Morppes 1
of ¢  he Qf@S;gP{aféPXSHE' o cgﬁﬁlgﬁa{??&ﬁ' REYHBY G‘ifﬁ”gea
positive electrode active material” or "a negafive

10 el ggdepds-@ctiyvs,material in this solution, formng
the m xture into a sheet shape or the like in the

sapgoyBNner as descri bed above, and then renoving a
part or all of the solvent. [0055]
A solvent used for complexation by Method 1

is water and/or a non-aqueocus solvent, and examples of
the non-aqueous solvent include cyclic carbonates such
15 as propylene carbonate, ethylene carbonate and vinylene
carbonate; linear carbonates such as diethyl carbonate,
dimethyl carbonate and ethyl methyl carbonate; cyclic
esters such as y-butyrolactone; linear esters such as
ethyl acetate and methyl acetate; ketones such as
20 acetone and methyl ethyl ketone; alcohols such as
methanol and ethanol; ethers such as tetrahydrofuran,
1,4-dioxane and 1,2-dimethoxy ethane; nitriles such as
acetonitrile and benzonitrile; amides such as dimethyl
formamide, dimethyl acetoamide and N-methylpyrrolidone;
25 and sulforanes.
[0053]
Further, as a modified method of Method 1, a

solution in which an electrolyte salt is dissolved in



25 The renoval of a part or all of a solvent can be
controll ed by using, for exanple, a hot plate, an

oven and a tenperature-progranmed oven in which a
tenperature program can be set. Al though the drying 22
condition is different depending on the type and the
anount of the solvent to be renoved a drying

t eppes At HF eac0pdhEh R 9bivERE §xapPheghatorPeh®rd®Q6n can
in about 30 minutes to 10 hours can be preferably

usied. uSedn addi thos, mébrogolyent paeyibaldrlgdudadan when
reduced pressure using a vacuumdryer. [0056] The
pothyeemokd ectavl yt ef ofarhenpmenertidei Ryehtihonheapolgmer
used as the polyner electrolyte in the 10
aboveeneal i oved dyi tdespateentndnmapthbenusedhigh. The
necessary, after perform ng a crosslinking reaction.

5 Asceneenbed bR ngl net hedechenerae Aethods Shél ggse is
el ectron beam crosslinking and chem cal crosslinkin%

byRPRARIBHI ALE bY dPRRPHESCa PRI BEPTGEABLHY of hENHSHHE

peF Tt el b3 NeLFOHESLY L9 5b1 Gebhe) BEFRYI YEGIBE O the
DT THES ol (8RR sBEUARER e ok Bl FRTLLED £8 %08

of Y HHEEPAEE ohd of0) KEkeLBbEY DOePB)YIEIAHE B! Sbe by

105|W§E§§@CP &8 enditi Ont ' §EOYh doPaptiQeyal | of
t he solvenf. The sanewﬁgo?Eent gsgﬁsegpi% N@tﬁod 1 can

be[osegl) al so in Method 25 2. In addition, an el ectrode
for an el ectrochemni cal
A polymer electrolyte of the present

invention can be obtained by forming the solution
obtained by this method into an arbitrary shape such as
15 a sheet by a method cf coating, casting, extruding or
the like, and removing a part or all of the solvent.
In addition, an electrode for an electrochemical device
using a polymer electrolyte of the present invention
can be obtained by mixing a positive electrode active
20 material or a negative electrode active material in
this solution, forming the mixture into a sheet shape
or the like in the same manner as described above, and
then removing a part or all of the solvent.
[0055]
25 The removal of a part or all of a solvent can
be controlled by using, for example, a hot plate, an
oven and a temperature-programmed oven in which a

temperature program can be set. Although the drying



devi ce using the polyner electrolyte of the present
i nvention can be obtained by previously kneadi ng and
m xi ng the polynmer material of the present invention
23 with a positive electrode active material or a
negative electrode active ngterial, formng the
m xture into a shape such as a sheet, then
Ir&w&&ﬂ@imgl@n@lﬁf\@kéhﬂgdepénwlha bhet§@| dib8NahA the
which an electrolyte salt is di Ssol ved in a sol vent,
angnd @oVeHiotlke pasiventatd bé réﬂﬂevédl Wedkyihg058]
When conpl exation is perforned by Method 3, a polyner
el eoipat ytereanohei dicectfy bHbraerenpby, nett EAgtoel@50°C in
and kneadi ng the polymer material and the electrolyte
sakowt Thenpresent tonventpons andnfoenpngiehabhiyxtiged.
into a_shape such as a film In addition, an el ectrode
5fo@ﬂaﬁi%4%%@moc%%ﬁ1%%lV%%V|@eYu§ﬁn@r¥ﬁ€ BBﬁ?ﬁeFeduced
el ectrolyte of the present i nvention can be directly
1P SR By 9et t YRgUERdkKeRdi ng a positive

elﬁﬁb%gﬂa active material or a negative el ectrode
ac teri . b .

and the elec%%gl 5f 9'518£t% §gn£hgnégggggg

and form ng

rial in addition to the pol ymer materi al

Such as

Syl rLQQSQé “Woen 2. conol yrp gm 0F 8fcctrolyte in the

eni ca unsat ur at ed conp car

10fﬂHEB%é“héﬁ%&bﬁéﬁt&@ﬁe@r§§§€é 'Qﬂén&é9nbe5u§8d if
alternative copol yner, the copolymer  has high

Crsded dd 1y | Va8l t helsf dasivg hh 98rdssMehkifng pehbtiand
is also insoluble in nost solvents. Therefore,

caypl &xatdoosl Dikime mopobyregenetdl anethods such as

15

20

25

electron beam crosslinking and chemical crosslinking by
ammonia, a diamine, a radical generator and the like
are used.

[0G57]

When complexation is performed by Method 2,
the polymer electrolyte of the present invention can be
obtained by impregnating and swelling the solution in
which electrolyte salts are dissolved in a solvent into
the polymer material of the present invention
previously formed into a shape such as a film, and
removing a part or all of the solvent. The same
solvent as used in Method 1 can be used also in Method
2. In addition, an electrode for an electrochemical
device using the polymer electrolyte of the present
invention can be obtained by previously kneading and

mixing the polymer material of the present invention



el ectrolyte salt was not easy according to the above-
nmenti oned conventional nethods. 24 [0060] The present
i nventors have invented a sinple production nmethod of
a polyner electrolyte based on the fact that a

sol ution containing an elec%%plyte salt 5 dissolved in
wat er or an organic solvent "at a high concentration

unexpect egby; di $soLyest a0qal LEEDGLT ¥§to£0R?! ¥FeL AEg8Rive
et hyl eni cal l y unsaturated conpound and carbon

oot Eifodd 09841 ve 1ilafer 0aE, Of othengethedaiketre into a
obtai ning the polyner electrolyte of the present

i nsteabé ofuclasas ref eheed, tohas amppdghhedngeahadsetlihag
Met hod 1, a nethod using a concentrated sol ution of
anitelwetcthotly¢ escbatiomi ih beidbseni bédchebbwtelBSalt is
[0062] An alternative copolyner of an ethylenically
Sundezse lved tonpozpdvent, candonemovibride pPartoapl etél pf
insoluble in water and a conmon non-aqueous sol vent,
buth¢ ss@ke@pti onal |y soluble in a solution in which
thﬁgﬁ? el ectrolyte salt is dissolved in either of
wa ,8h non- aqueous solvent or a m xture thereof at

o.M h, consiptioligh LOBCEL TheogoLYeRL.BEC RIS, o

PrEl SRAbl € PXANP) £0: 0 L heypc na0: B8PUSLB0LKE by melting

CyCl 1 C carponates sucC

10 CARPNAL S a BAOYL DS SPLROPALLL 8PTa Y1 BYLCPRe electrolyte
salt of the present invention and forming the mixture
into a shape such as a film. In addition, an electrode
for an electrochemical device using the polymer
electrolyte of the present invention can be directly

15 obtained by melting and kneading a positive electrode
active material or a negative electrode active material
in addition to the polymer material and the electrolyte
salt of the present invention, and forming the
resulting mixture into a shape such as a film.

20 [0059]

When a copolymer of an ethylenically
unsaturated compound and carbon monoxide used in the
present invention is an alternative copolymer, the
copolymer has high crystallinity and thus has a high

25 melting point and is also insoluble in most solvents.
Therefore, complexation of the copolymer with an
electrolyte salt was not easy according to the above-

mentioned conventional methods.



carbonate; |inear carbonates such as diethyl

carbonate, 25 dinethyl carbonate and et hyl nethyl
carbonate; cyclic esters such as y-butyrol actone;

i near esters such as ethyl acetate and net hyl

acetate; ketones such as a gtone and net hyl et hyl

ket one; al cohols such as 5 t hanol and et hanol ;

etg 6gopuch as tetrahydrofuran, 1, 4-dioxane and

1, 2-di met hoxy ethane; nitriles such as acetonitrile

and benzoni tthéepragbfesi s¥eAtdssdhaRbhyhveheearl demple
di net hyl acetoam de and N-nethyl pyrrolidone; and
subfedateson Ie { OG4) £ ThepsDpaent £det0Bodl/t8nbased on the
el ectrolyte salt is appropriately sel ected, but

predetr athyt & heolwetjbh coatabnbhgaanekéettobyyeesahit

to the total weight of the electrolyte salt and a

S soliveselved 309 byt eri ght anocp0snis bylwehghet anbigbre
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preferably, 50% by weight to 90%Db wei ght _fromthe
vi%ﬂﬁﬁﬁmﬁr%ﬁl@%o@n%épﬁ%tﬁﬁiy.d%@@@%Yeﬁnaalﬁé?ﬁﬁﬂﬁ@éve
copol ymer of an ethglenicallﬁ unsat ur at ed conpound
arftPRAF BB norhod detkuheBEc25! i 4RBRYBHFRIt APEPOUNd and
cong&gtrated splution by mxing and stirring. The

t TRt JPE0H St ssol ving the copol ymer s

apﬁ§@§{jately sel ected and the polyner can be
sufficrently dissolved even at roomtenperature, but

the dissol vigg speegdscahe %%EIFG&EG‘%SE' Q%tQFﬁEiqggthEhe

25 heating tenperature Is, not particul ar
ligai@fer O] e brd1 $RO061 f £08 HPEELHAEMPREBAYEBNT 02350C

preferably from50C to 200C, and nore preferabfy from

8etordd®dGo as a modified method of the Method 1, a
method using a concentrated solution of an electrolyte
salt will be described below.

- [0062]

An alternative copolymer of an ethylenically
unsaturated compound and carbon monoxide is completely
inscluble in water and a common non-agueous solvent,
but is exceptionally soluble in a solution in which the
electrolyte salt is dissolved in either of water, a
non-aqueous solvent or a mixture thereof at a high
concentration.

[0063]

The solvent used herein is water and/or a
non-agueous solvent, and preferable examples of the
non-agueous solvent include cyclic carbonates such as

propylene carbonate, ethylene carbonate and vinylene

carbonate; linear carbonates such as diethyl carbonate,



26 [0066] A uniformtransparent solution can be
obt ai ned by this dissolving operation, and the pol yner
el ectrolyte of the present invention can be obtained
by 5 formng this solution into an arbitrary shape
such as a sheet by a nethoq%of coating, casting,
extruding or the |I|ike, and E%en removing a part or

a'élﬁ%tﬁ%ﬁoéaﬁﬁénafg afddELhoN, mé@h?heeﬁEBgﬁaE%r @§cllc
el ectrochem cal device using the polyner electrolyte

of e $ther presemnt as Mranit o Id-€ae pe1 D i Nes SYYs NEXERTa s
a positive electrode active material or a negative

eledtybdecacitoeandteetalli acethts; skkubhes, siahnmaBsg
the m xture into a sheet in the sanme manner as
dexseetveel abdvesthpnd ¢blenlrkaboneg alcpholsosuahl asf a
solvent. 15 [0067] The renoval of a part or all of a

5 sdlsfemnehmnd e tomne b | etheys usial, asotetxahpteofaran,
hot Iate an oven and a tenperature-programed oven

%en%e%%%rht%r%l@@%@@éhweahaae'se@trp@eﬁoagﬁh as
the n 0 condition is different depending on. the
d%%‘al‘?ﬁ@ © SRURCRFOTher S ?veﬁ’f'l‘fi%sb%u%nﬁeﬁm%l:‘yl
d erature. condi t
i%aq? %‘@U 51‘/%%@? ELEbHBEIE S beRsPhy PPy g rdsnes
§§Qi Jm_ jon, the solvent nay be dried under
reduce 2% pressure usi ng a vacuumdryer. [0068] The
10 Pojoey) el ectrolyte of the present invention may be
used as a polyner electrolyte directly 27

The concentration of an electrolyte salt is
appropriately selected, but preferably, the weight
ratio of an electrolyte salt to the total weight of the
electrolyte salt and a solvent is 30% by weight to 90%

15 by weight, and more preferably, 50% by weight to 90% by
weight from the viewpoint of good solubility.
[0065]

An alternative copolymer of an ethylenically

unsaturated compound and carbon monoxide can be

20 dissoclved in this concentrated solution by mixing and
stirring. The temperature for dissolving the copolymer
is appropriately selected and the polymer can be
sufficiently dissolved even at room temperature, but
the dissolving speed can be increased by heating. The

25 heating temperature is, but not particularly limited
te, in a range from room temperature to 250°C,
preferably from 50°C to 200°C, and more preferably from

80°C to 150°C,



in the above-nentioned dried state, and nay be used,
if necessary, after performng a crosslinking
reaction. As a crosslinking nmethod, general nethods
such as el ectron beam crosslinking and chem ca
crosslinking by 5 annonia,z% di am ne, a radica
generator and the like are used. The pol yner

el est&o] yte of the present invention also includes
t hose crosslinked by said crosslinking nethods.

[0069] 10 Theuhirstmetbadspehtnef sbhatpehyoBh be
el ectrolyte of the present 1nvention includes, for

emﬁmpiﬁme@nbﬁlthS@IdﬁssypelnglyperaeheﬁtrahwteheTba&ymer
is, when all of a solvent is renoved by the Method 1
(i e el mby ae nef hblde uskegent cbneent iahedasobet pbhadhed by
an 15 electrolyte salt as a nodified nethod) or 2, an

5al formiy dthypespbiyhen énbet anl greitsapyi §hﬁgeasuch as a
pol ymer material containing an (alternative)
cOPRSFeRY of Bathedhgf eRPRBENG/ uRSAELPEY eB§XEERPODACOL the
and, car bon nDnOX|de and an el ectroly &f salt can be

obt e n %%I@HE‘?’B‘HV“?@ AnPaFF 9Bl R4t §pepdPyient. In

S o e e L ATE o BT B greéPem?ﬁt 48332
be.geferin oo, %P%lg@gwgg%f B¢ BbERghbe AL

€ss, he so

10kn%£@ 5@”&¥§§ ngﬁ P00k 1 ?e ab&s§9hbg E¥88t995¥n55t1ve

el ectr ol yt e o0 pr esen I nventi on has a
Chd @&t 841 Sbi Ca Ohe §AV1I P8 BlecEXbBENBLY iDbIRatBRES] in

conductivity, and those having 28 ionic conductivity
eqth val eflut bohhatophiAgl thei @ixture into a sheet in the
same manner as described above, and then removing a
part or all of a solvent.
15 [0067]

The removal cof a part or all of a solvent can
be controlled by using, for example, a hot plate, an
oven and a temperature-programmed oven in which a
temperature program can be set. Although the drying

20 condition is different depending on the type and the
amount of the solvent to be removed, for example, a
drying temperature condition of 50 to 250°C in about 30
minutes to 10 hours can be preferably used. In
addition, the solvent may be dried under reduced

25 pressure using a vacuum dryer.

[0068]
The polymer electrolyte of the present

invention may be used as a polymer electrolyte directly



5

10

15

20

25

el ectrol yte have been discovered. The reason why the
all solid-type polyner electrolyte of the present

i nvention exhibits high ionic conductivity is not 5
clear, but it is supposed that a ketone carbonyl group
contained in a polyner has ong interaction with an
ion. [0071] As an all solid-type polyner electrolyte,

10; f hore 4BbOE-néALiEXaHPHEic8 BOLYBLh¥hENRay be used, if
oxi de-based polynmer or a copol yner thereof HEV|ng a

pohyeébesrPpndrt8avpebeepmkAgwWe s@okalinRihgeirkletioh.
them has ionic conductivity significantly | ower that

thas af caokshimdingl metholyt genandlt herebdse shas ast
reached a practical 15 level. [0072] As descri bed
abelectrbe héamsorpdsiypkingobypdecheimécalokybesdfinkieg by
present invention contains absolutely no liquid

el @enenigt ed BLEMKAS, hpghafloApre denesadast Bvrt Fheadd ke
when it is used for_non-aqueous _el ectrocheni ca
de¥Feedsedich BReaPPIYRRGNFPEFREPYYtBaPEete RIPBERtUm
i on secondary_batter nd a non- aqueous_electric,
dOUBTETY hyRr ALapatRELRACE nERPSFI GRATGL LBKFECEY SRdd

ex . 25. The, el.ectrol yte exhi bits high out put
chgééggé%%g%%%sm% %?ggrent to that of a liquid

elgggggjyte. 2. The electrolyte is all solid-type one,
and t herefore has no concern of |iquid | eakage.

3. The el ecttRbykers§ONEAbHEiAaNLI B¥i fhe polymer
electrolyte of the present invention includes, for
example, an all solid-type polymer electrolyte. That
is, when all of a solvent is removed by the Method 1
(including a method using a concentrated solution of an
electrolyte salt as a modified method) or 2, an all
solid-type polymer electrolyte comprising a polymer
material containing an\(alternative) copolymer of an
ethylenically unsaturated compound and carbon monoxide
and an electrolyte salt can be obtained. In addition,
an all solid-type polymer electrolyte can be directly
obtained by the Method 3. An amount of the solvent
remaining after drying can be determined by NMR
measurement, and when the amount is 1,000 ppm or less,
all of the solvent is judged as being removed.

[0070]
The all solid-type polymer electrolyte of the
present invention has a characteristic of having an

extremely high ionic conductivity, and those having



conbustible material, and therefore has no
flammability. 5 4. The el ectrol yte has sufficient
flexibility and processability, and therefore is
excellent in shape arbitrariness such as a thin film
5. Wen the electrolyte is 3§Fd as a bi pol ar

el ectrode in which a positi el ectrode active

mei g4t &l coerQuéegvﬁf:?eQahﬁ.VS Sh‘ECEEO‘Eﬁa@CEEVS ik ghigal

are arranged on a ont SUI' ace and rear sur ce of

a €DbtesbDite hetREBLENCHYschbbEEBAL S @h§0&eb§bﬁ BBy the
concern of an ion |iquid junction between the

poslliyel etiecypedpodpdethelcoegaliyte efeecheogeekented
on the front surface and the 15 rear surface of the
colheethbromhéehiliys bkifbr iredicncandoasevatyaiki guitd
el ectrolyte, and an el ectrochem cal device having a
5 higleat ecevonbti ¥2 feppesefl thetral ketnneVcerbppye gamup
be easily produced. [0073L 20 As described above, the
a|¢0%%@+@e@yb% apppyyBerelast pbrong istasagtimpnyithean
po]¥ el ectrol ytes of the present invention, and
hev’eby reliability, safety and characteristics of
F fﬁulting el ectrochem cal device can be greatly
?%% ved [0074] A second aspect of the polyner

e ol g g el Louen) tpiFy sttt
10Ty RS gl ResobBRELo S0l BUTYEELIchOSC LAk
f“béﬂ§ﬁ%f‘%ﬂt§ 8&bd1ffeR thereof having a polyether bond
have been known so far, but either of them has ionic
conductivity significantly lower that that of a liquid
electrolyte, and therefore has not reached a practical
15 1level.
[0072]

As described above, the all solid-type
polymer electrolyte of the present invention contains
absolutely no liquid electrolyte, but has high ionic

20 conductivity, and when it is used for non-agueous
electrochemical devices such as a lithium primary
battery, a lithium ion secondary battery and a non-
aqueous electric double layer capacitor, the following
effects are exerted.

25 1, The electrolyte exhibité high output
characteristics equivalent to that of a liquid

electrolyte.

2. The electrolyte is all solid-type one, and



nodi fied nethod) or 2, an apparently solid gel-type 5
pol ynmer el ectrolyte containing an (alternative)

copol ymer of an ethylenically unsaturated conpound and
carbon nonoxi de, an electrolyte salt and a sol vent can
be obtai ned. Although a conegfition ratio of a sol vent
to an (alternative) copol yner of an ethylenically 10

unsid pé Bb £8 £QEPRYNEARErRaLEON; ARNAXH A8 kL Se .
appropriately sel ected dependi ng on the purpose, the

wep ght ratiorieé @lset¥enytéocbheatabahoweightidof the
sol vent and the (alternative) copolyner is preferably

| essmitsini D86 hyt @eight , antdr ehpreferabhysl ass t han 50%
15 by weight, and nost preferably |less than 33. 3% by
wef gmmap DD7EY . Further, when 100% of the pol ymer
material is a copolymer of an ethylenically
5un%aturated Eompoupgtrobyhadhaar porfponertdélexrpbility
ratio of a solvent to the total weight of the
so@%rﬁr%‘h‘?ﬂs¥%l%b€é# yB¢ F%er%F@Fér 4Bl §xresdepkahn shape
96b¥ g and nnre ﬁref bly | ess than 20% by
EIETheSHeR ghf 2 rhtB FE183 39 by melght or

, reliability such as, 25 age re nce
g rel 2RV RUCh, 8o 29, L9uld Lealege Lepistane
I 6 I ol :
g£§§é§4%§§e tgﬁg&ﬁa€§§%51%%9g %lg? ?8% Xc&% Fﬁterlal
lOVW%ﬂﬁ“arﬁﬁgék£$eaef@éﬂ?@&etQc@§veaﬂgﬁgrh§llQigearkgﬁged
resulting electrolyte has an antinony relationship
thed 4 oftSn€oRgkEddyi ddbeCcrERS shiB8cebyt Bebbabekiby,

such as liquid | eakage resistance
respectively, there is absolutely no concern of an ion
liquid junction between the positive electrode and the
negative electrode formed on the front surface and the

15 rear surface of the collector which may be formed in a
case of a liquid electrolyte, and an electrochemical
device having a high electromotive force of several ten
V or more can be easily produced.

[0073]

20 As described above, the all solid-type
polymer electrolyte is used among the polymer
electrolytes of the present invention, and thereby
reliabiliﬁy, safety and characteristics of the
resulting electrochemical device can be greatly

25 improved.

[0074]
A second aspect of the polymer electrolyte of

the present invention includes, for example, a gel-type
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5 is inpaired and nechani cal strength as a pol yner

el ectrolyte is decreased. [0077] However, as described
above, even when the polymer electrolyte of the
present invention is an all 10 solid-type polyner

el ectrolyte, sufficient hlg? I onic conductivity can be
obt ai ned. Therefore, a gel Q pol yner electrolyte

el‘eﬁe%it%%t%l%?{f%e p?es(e)mfgg ikS wHERUaa8abRELPOL gs.rlvent

i nvention, and thereby th

effectenSrexerd eghd vargsal 1 @ﬁn@ﬂ@aﬂhg% setuxeat u@ing a
conpared with a conventional gel- type pol yner

el eidentyt e @vesolt ide 6AsEnodlévtibeytei BaLRAGENY

ionic conductivity, particularly ionic conductivity

I meadifoved enpeiad urer r2gi an, agparéheief sokid gel-type

reliability such as liquid | eakage resistance is

harall yroe 2 02l eplt ¢ byt e [ 07183 1 They gah - { §pkepohyiee)

el ectrolyte of the present invention will be further

dezxrehgeer §H0FY) e Pny hen hepibbyisunes tuypeeporgRppund and

el ectrolyte obtained when a solvent_is water in the
PrEyiehfn W?ﬁf%’?&‘?%n AUbteREFat Yie nefht aPRE Rj gRlVent can

e{he%ﬁ'li' Siedor ATOROUES ¥ P Rhi 00 ERbho s @ solvent
el got sl g%lgthé;?‘néjtsﬁ% °é%§<9f§rgg o gelcoghemealy

as an aque an aqugous

el a{ﬂ&réj@é‘cf"c?orh 1?:5 CQ:E’&%&PBon'%on?QH& S180
reduction 1 n out aracteristics tenperature
Chaged i Std L éﬁﬁ%éi@ﬁldéﬁén@@ﬁgpéﬁvtﬂéspurpose, the
weight ratio of a solvent to the total weight of the
solvent and the (alternative) copolymer is preferably
less than 70% by weight, more preferably less than 50%
by weight, and most preferably less than 33.3% by
weight.
[0075]

Further, when 100% of the polymer material is
a copolymer of an ethylenically unsaturated compound
and carbon monoxide, the weight ratio of a solvent to
the total weight of the solvent and the copolymer is
preferably less than 33.3% by weight, and more
preferably less than 20% by weight. When the weight
ratio is 33.3% by weight or more, reliability such as
liguid leakage resistance is impaired and mechanical
strength as a polymer electrolyte is decreased.

[0076]

Generally, in the case of a gel-type polymer



significantly inproved reliability, and therefore is
useful. [0080] Further, a non-aqueous gel-type pol yner
10 el ectrol yte obtai ned when a solvent is a

non- aqueous solvent substantially maintains ionic
conductivity of a non- aqueoys el ectrolyte sol ution
and mai ntains high ionic conductivity particularly in

a & Pyt REPHESL uﬁﬁenrgﬁéoﬁeiaﬂﬁr eheLs ol al %o&‘%@ﬁ%‘ tbObe

non- aqueous 15 el ectrochem al devices such as a

dyedgedsi$ i zgeg60l ahe gebhilonfganiekeebnoebr aAkCan
device in addition toa lithiumprimary battery, a
| i &t W pnrSsesohdasyipbahéer yoand acnducaduedysbecomes
el ectric double |ayer capacitor. 20 [0081] As
destyh beuaboekjalai potymenckl est Loyt d lbakagg aekighance
i oni c conductivity can be provided by using the
S (alsetmpaived zupohgepanttainserappthi sal bypolymer
unsat urat ed conpound and carbon nonoxi de of the
presefirobyteavent donreantdean be used for various
elgcéiﬁchenical devices as an all solid-type pol yner
el E¢ 1yte or gel-type polynmer electrolyte dependi ng
on the purpqie. Herein, .the ter§1"$lectrocheniﬁal th
device" is rafer¥ety 33° 9g°aER°dedPRE appl §ing ah the
el &iw&ﬁe&é? r@i‘fﬁ&”g?%he'ﬁ‘%%h 9; fehPPond8d an a11
specitic exanples ereof “T'ncrude evices 'such™as a
10 SIS POE UGV Gy 1 GndPVET cGERST P L 0N BEYLEER L AnALAPL BY 1 ¢
device an aﬁgeﬁggr devi ce. % ODSET I'n tﬁg pregent *
| VS O v A POLYIBGe obtained. Therefore, a gel-type
pelymer electrolyte remaining a part of a solvent is
used as the polymer electrolyte of the present
invention, and thereby the effect is exerted in a small
15 amount of solvent as compared with a conventional gel-
type polymer electrolyte even in the case of further
increasing ionic conductivity, particularly ionic
conductivity in a low temperature region, and therefore
reliability such as liquid leakage resistance is hardly
.20 impaired.
[0078]
The gel-type polymer electrolyte of the
present invention will be further described.
[0079]
25 An agqueous gel-type polymer electrolyte
obtained when a solvent is water in the present

invention substantially maintains high intrinsic ionic

conductivity of an aqueous electrolyte solution.



el ectrolyte may be a self-supporting filmor a non-
sel f-supporting film and can be used w t hout
particul ar problens even if exudation of liquid is 10
observed, but it is preferred that the electrolyte is
a self-supporting film and exudation of liquidis
observed. [0083] An exanple an el ectrochenm ca

dexie8,-H$hh9y 1§héhetﬁgl ﬂ@gg%hgﬁkéolééﬁg%ﬁ F%g Eﬁueous

present i nvenhfion wil scribed

Fi 81edtk6cReRl 8Bl VHEWiaBE §ubﬁn§btﬁﬂ'B@heo%%cﬁb%nﬂattery
vi ew showi ng an exanple of an el ectrochem ca

dexhgeanf afheonseseattirnvedbubie ﬂByEtgcabacltor, it

i ndicates a positive electrode; 2 indicates a negative

el estisedeno3redditabrsia paspuitvehekrecteadetliead low
termnal; 4 indicates a negative el ectrode | ead

St etahpatratBréndhensaeseaipbliyseandl eber dhikee; aadd pgozides

i ndi cates a battery contai ner. 0085] Specific

exahpndSieanthg énpeevedhsaiéabildsyi canpdnéhggefare is

I|th|un1pr|nary battery using metal 34 lithiumas a

neg@®fVe: el ectrode and using manganese di oxi de,

ca &@ﬁ luoride or the like as a positive electrode;
Plm i on secondary battery using a car bon

naterlal a oxide, a I|thiun1al ar th i ke
as a negatlve e? ffoaengﬂdaﬂs?ﬁﬁs |U¥Pe088aVP§ e,

lol'éféﬁglgiggglﬁég?% é&hhthngng?TQEﬁt 1E'thBﬂLahggous

15

20

25

phosphat e e as posi
solvent substantially maintains ionic conductivity of a

non-aqueous electrolyte solution and maintains high
ionic conductivity particularly in a low temperature
region. Therefore, it is useful for non-agueous
electrochemical devices such as a dye-sensitized solar
cell and an electrochromic device in addition to a
lithium primary battery, a lithium ion secondary
battery and a non-aqueous electric double layer
capacitor.
[G081]

| As described above, a polymer electrolyte
having a high ionic conductivity can be provided by
using the (alternative) copolymer of an ethylenically
unsaturated compound and carbon monoxide of the present
invention, and can be used for various electrochemical
devices as an all solid-type polymer electrolyte or
gel-type polymer'electrolyte depending on the purpose.

Herein, the term "electrochemical device" is referred
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el ectrode; and an el ectric double | ayer capacitor
usi ng active carbon as a positive electrode and a
negative 10 el ectrode; and an aqueous ion battery
using a lithium transition netal conposite oxide of
vanadium titanium iron or,the |like as a negative
el ectrode and using a lithi transition netal

COTIOELUE SHL B oo R Dy

Fb{ﬁt@f@iﬁ? ahh€oR! egRAt shB¥eRt LOBxWhbh eRethereof include
specifically descri bed by way of Exanples and

Coapal aks veukxagp! SSstBQa%@OSZ}rlbgﬁ ar gpwerbExamplration
(Production of Polyner A) Into a 1 L-volunme SUS
autlecl awe aM tihsplagt dewveéce 880 &l sehsdrnekhike.
carbonate as a polynerization solvent and 1.2 g of 25
azbbi82soval eronitrile as a pol ynmerization initiator
were charged, and subsequently a m xed gas having a
pressure ratid bheeprgpent dovearbon,nBnpgid@est 1 was
35 _charged so as to give_a pressure of 4.5 MPa at
r O%MCF%%%F%HB@E behe EehbePHPRPETANTt fd1BUPECRaRON ™

ai se 0. 60C mglle stirrin The nlxtHre was

{ b §

r st Ea® SRepEBLRBU L i PB%aBBPnGCL NSO KEIRGUS oo as
r et aheor 7 PERBTEN  anftens B bEhreht daSuicRes
to 8§%§%§§mmgﬁﬁ 1€ povblesroLPORSLLLE YRS 9B LB e 1o 5

and an
self-supporting film and no exudation of liquid is

observed.
{00831

An example of an electrochemical device using
the polymer electrolyte of the present invention will
be described below.

[0084]

Fig. 1 is a plan view and a longitudinal
sectional view showing an example of an electrochemical
device of the present invention. In Fig. 1, 1
indicates a positive electrode; 2 indicates a negative
electrode; 3 indicates a positive electrode lead
terminal; 4 indicates a negative electrode lead
terminal; 5 indicates a polymer electrolyte; and 6
indicates a battery container.

[Q085]
Specific examples of the electrochemical

device include a lithium primary battery using metal



10 absorption spectrumthat this polynmer was a product
obt ai ned by pol yneri zi ng et hyl ene and carbon nonoxi de
(hereinafter, referred to as "Polynmer A"), and the

nol ar ratio of carbon nonoxi de was 43.2% In addition,
this Polymer A had a wei ght Jgverage nol ecul ar wei ght
of 15 85, 000. [0089] [Reference Exanple 2

( Prodiucth ofls of ROLYPBYe Béiec@pgaé e&ﬁayusbﬁgsagﬁganese

operation as in Reference Exanple 1 was perfformed

exeeptiddatcd MBor EBSYF €4 abt 0thd01 okeehByhepesieive
car bon nonoxi de was changed to 2 in Reference Exanple

l.eMdterodopl 4 NPi thihemr eagt aatomasryr saovedyandihhea
solid content was washed to obtain a white powder.
[ CxPon 2bat¢rivms, conhetakdokide) 183G NMRLamdadhoy or the
infrared absorption spectrumthat this polyner was a
5 prioideetas obtzégrti vy ebeyheedei agdetdyngndishdudar bon
monoxi de (hereinafter, referred to as "Polynmer B"),
arffPlnk- 3, rﬁ#%ﬁlwmunbﬁb$l%5?bohlﬁbh3&|@énﬁﬁ§a2§ 3%
In addjtion, this Polyner B had ght aver age
P WPy Rh ot PhaEe 09b. t‘[lﬁoé%tﬁ‘e 8 [ﬁeP%FéE&Ee
Prod ctlon of Pol y nplete .
AP APt (EaEr et En o el aVS LREPREY FBP g ing
e h ess o] I 0
A e S R L Rl

10/“%fgcf¥gﬁérmhn&rﬁhr ﬁ&é@@é %%ﬁ ﬂQtESvaﬁglﬁBd tRethium-

cont ent was washed to taln
transition metal composite oxide of vanadium, titanium,

iron or the like as a negative electrcde and using a
lithium-transition metal composite oxide of cobalt,

manganese, iron or the like as a positive electrode.

15 EXAMPLES
[0086]

Hereinafter, the present invention will be
specifically described by way of Examples and
Comparative Examples.

20 [0087]
[Reference Example 1 (Production of Polymer A)]

Into a 1 L-volume SUS autoclave with a
stirrer, 800 ml of dimethyl carbonate as a
polymerization solvent and 1.2 g of

25 azobisisovaleronitrile as a polymerization initiator
were charged, and subsequently a mixed gas having a

pressure ratio of ethylene to carbon monoxide of 1 was



white powder. [0092] It was confirmed from 13C- NMR and
an infrared absorption spectrumthat this polynmer was
a product 15 obtained by polynerizing ethyl ene and

car bon nonoxi de (hereinafter, referred to as "Pol yner
C'), and the nolar ratio of,.carbon nonoxi de was

10.9% In addition, this P&?iner C had a wei ght

av cyla i ght S0 0,¢2 0033]

e EH?%sséngP?the ﬁe%§ﬁ§%8?g|Pfh?u§1§?§ t rpom
| upsapeLhenesul f TRBY L bnpBrde uktCE3SERE2Muktbcasv@N was
el ectrolyte salt was m xed with and dissolved in 50 25
pardssby wei gbtC afh Wbd est i Or (e aTke! wikohr8ana8grdacted
concentration of 50% by weight. 100 parts by wei ght of
t hfsrs6l npuns whill85agddihg bjewmightl ghsPebyssr tA keee
charged into an autoclave, and the m xture was heated

537thandressuredaht 51¥0€.t oAbbeai roaltingnspheemeactant is

10

15

20

25

viscous solution. [0094] After 0.1 parts by weight of
5 FeRaned hgndnedpafPhédasortenssyppnkpaledgént owtein a
added to 100 parts by weight of this viscous

sof it FOnPOYRBT - i xture was cast to a thickness of 500

n1F@ & Elass pl ate. Thereafter, the cast m xture was

dr t &&° &hder at nospheric pressure at 80C for 1 hour to

éF:L?FZIlO 09£aagsac$89%§ﬁgak¥rggl1%?”%&&“%&8“%h infrared
yte tn a frrmform
absorption spectrum that this polymer was a product
obtained by polymerizing ethylene and carbon monoxide
(hereinafter, referred to as "Polymer A"), and the
molar ratio of carbon monoxide was 43.2%. In addition,
this Polymer A had a weight average molecular weight of
85,000.
[0089]
[Reference Example 2 (Production of Polymer B} ]
Completely the same operation as in Reference
Example 1 was performed except that the pressure ratio
of ethylene to carbon monoxide was changed to 2 in
Reference Example 1. After cooling, the reactant was
removed and the solid content was washed to obtain a
white powder.
[0080]
It was confirmed from **C-NMR and an infrared
absorption spectrum that this polymer was a product
obtained by polymerizing ethylene and carbon monoxide

(hereinafter, referred to as "Polymer B"), and the



[0095] The weight ratio of water to the total of

Pol ymer A and water determned by "HNVMR at this tine
15 point was 21.9% by wei ght. Here, the NWR

nmeasur enent was perfornmed usi ng JNM LA400 nmanufact ured
by JEOL Ltd. The ionic con%%ptivity of this gel-type
pol yner electrolyte was neasured at 30C and OC in an

ahﬁ@IQﬁtf£915uéfe@&r@&nlméﬁBXlJBewégsﬁht§%arelﬁh8&ﬁlk@on,
20 Table 1. [0096] [Exanple 2] The sane operation as

| e Exanpd Byrde 1o h@T & Ok8BgheXeeptaBaho88cpaktSwBYght of
wei ght of Polynmer A 25 was replaced with a m xture of
75006, by wei ght of Polymer A and 10 parts by wei ght

of a pol yether-based copolyner of ethylene oxide and

2- (@391t hoxyet hoxyet hyl ) gl yci dyl ether having a

wei ght 38 average nol ecul ar wei ght of 14, 000

5 (copol yhkeforenon Exampbe 73(Pro uchéppi a&f Petymer C) ]
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referred to as "Polynmer D') in Exanple 1. As_ a
result, a ndﬁQ%E¥%R?l@th?yﬁémep@P?ﬁéFlePe@FréPyB@f?ﬁence

2 ke rﬂ“e“?%téé)ﬁ c'rr”n?%%L SYETER LhofyEEE Brangons: satio
22.. 5% t
oo e oF et oBhn RObSxLATTY R PhanddS EBME i

TR EH S AANY 00 ol e R A

removed and the solid content was washed to obtain a
white powder.
[0092]

It was confirmed from *C-NMR and an infrared
absorption spectrum that this polymer was a product
obtained by polymerizing ethylene and carbon monoxide
(hereinafter, referred to as "Polymer C"), and the
molar ratio of carbon monoxide was 10.9%. In addition,
this Polymer C had a weight average molecular weight of
72,000.

[Q093]
[Example 1]

50 parts by weight of lithium
bis(trifluoromethanesulfonyl)imide {{(CF350;),NLi} as an
electrolyte salt was mixed with and dissolved in 50
parts by weight of water to make a solution having a
concentration of 50% by weight. 100 parts by weight of
this solution and 85 parts by weight of Polymer A were

charged into an autoclave, and the mixture was heated



[ Exanpl e 3] The sane operation as in Exanple 1 was 15
perfornmed except that 85 parts by weight of Polyner A
was replaced with a m xture of 68 parts by wei ght of
Pol ymer A and 17 parts by weight of Polynmer D in
Exanple 1. As a result, a nqp7st|cky gel -type pol ymer
el ectrolyte in a f|In1forn1mas obt ai ned. 20 [0099] The

“Béﬂ@tsfﬁffgdogt“@§§ﬁ3tﬁbtéﬁkéfﬁfﬁ OfanEQLYERE Miscous
Pol yner D and water was 23.3% by welght at this tine

pos®iutdde. i oni c conductivity of this gel- type

pol ynmer el ectrolyte was neasured at 30C and 0C in 25
an[@be&rnating current of 1 KHz. The results are shown
in Table 1. [0100] [Exanple 4] 39 The sane operation
as in Exanpl &fiewna8. pepbotaedyexeéphtt bt 85 parts by
wei ght of Polynmer A was replaced with a m xture of 62

S padrexamgthel ghedbdmime| gaes Arandl2skpaot sgbptweiaghedded

of Polymer Din 5 Exanple 1. As a result, a_non-sticky
gemt%/%% PRT YPeby ‘é%ggtopgﬁt Bhif HiPFPHSt 6PALRASN, the
obtalned [0101] The wei rati o of water to the

t JEEFTBFS WP Pt ACOPR) Pré?kﬁeaﬁdo\%aégp eb@somas%lws

o PR 8" geTIe S HRE ot P BoPREE B FE B Rata he AL dFUa RHET
30&@%&&18&%59}1%3%@} éa% CHLSL efthc%r ltcg(kghel-:rgk?y

resu are s
10 obtain a non-sticky gel-type polymer electrolyte in a

film form.
[0095]
The weight ratio of water to the total of
Polymer A and water determined by !HNMR at this time
15 point was 21.9% by weight. Here, the NMR measurement
was performed using JNM-LA400 manufactured by JEOL Ltd.
The ionic conductivity of this gel~type polymer
electrolyte was measured at 30°C and 0°C in an
alternating current of 1 KHz. The results are shown in
20 Table 1.
[0096]
[Example 2]
The same operation as in Example 1 was
performed except that 85 parts by weight of Polymer A
25 was replaced with a mixture of 75 parts by weight of
Polymer A and 10 parts by weight of a polyether-~based
copolymer of ethylene oxide and 2-(2-

methoxyethoxyethyl)glycidyl ether having a weight



[0102] 15 [Exanple 5] The sane operation as in
Exanple 1 was perforned except that 85 parts by

wei ght of Polymer A was replaced with a m xture of 58
parts by weight of Polynmer A and 27 parts by wei ght
of Polymer D in 20 Exanple As a result, a
non-sticky gel -type polynmer “"el ectrolyte in a film

f of o M&Se q{%ﬁéa@ﬁarmé@éktms e ebb éebbel%e\e@tzsrtlbg

the total of Polynmer A’ Polymer wat ef was 21. 9%

byraeight7at: 2%, tlﬁéﬁeihﬁ?t@_@l Béfefbédl eBi s "Polymer D")
conductivity of this gel type polyner electrolyte was

neas Weshple 30C and &Crésulap al henratiogycyelenypef 1
KHz. The results are shown in Table 1. 40 [0104]
[GmmbanariabeéhaquEe1}nThef$hmefopmraasonbaaihad.
le 1 was perforned except that 85 parts by
5mei #7bf Polymer A 5 was replaced with a mixture of
55 parts by weight of Polymer A and 30 parts by weight
of Pol yner DFp¢ W%&@hﬁléa{loAgfaWﬁE§GlFo 5h§IFﬁﬁPﬂy°f

A A0 PSR U5 B SRS, B8 B o
by toéﬁimé?\ff?o{;ﬁ%"f B O HY . CTR T DAY £ KoRALELE01 Bt
L bl BRI S o g B 1
10rQﬁN'éﬁté%ﬁé@fﬁﬁwburrent of 1 KHz. The results are shown
in Table 1.
{00981
[Example 3]
The same operation as in Example 1 was
15 performed except that B85 parts by weight of Polymer A
was replaced with a mixture of 68 parts by weight of
Polymer A and 17 parts by weight of Polymer D in
Example 1. As a result, a non-sticky gel-type polymer
electrolyte in a film form was obtained.
20 [0099]
The weight ratio of water to the total of
Polymer A, Polymer D and water was 23.3% by weight at
this time point. The ionic conductivity of this gel-
type polymer electrolyte was measured at 30°C and 0°C in
25 an alternating current of 1 KHz. The results are shown
in Table 1.
[0100]

[Example 4]



15 in Table 1. [0106] [Conparative Exanple 2] The
sane operation as in Exanple 1 was perfornmed except
that 85 parts by weight of Polymer A 20 was repl aced
with a mxture of 35 parts by wei ght of Polyner A and

50 parts by weight of Poly 9 Din Exanple 1. As a
result, a highly sticky gel-type polynmer electrolyte

inafilmf bt Al | Q10 [
rati o of magggér%§$gegggggglg? Q%o?§n§?a§?§8gﬁy%§% D
angle MBé Bhe MoSxddp Y2 RYt WBEIBEr8E bihive ihhEeoRBOIPBY ymERen
ionic conductivity of this gel- type polyner
el egs r obyl eco@swienssr nidxohrd06rasd Perts B watight of
alternating current of 1 KHz. The results are shown
| nPdapher 1A $0408F pafosphyavevghExafipPel3hes Thensane
operation as in Exanple 1 was perforned except that

5 g5Epammp e by- wehght vésPbtynerndn-shsckygpbadetypet podsmer
parts by weight of Polyner Din Exanple 1 and
hexbpet iyl ¥hediant néi@sfasn Wasdobpgigedresult, a

hi?&i% sticky gel-type polyner electrolyte in 10 a
fi bl m was obt ai ned. [0109] The weight ratio of

raer, Lo thenolal, she PRLIIL.O sod ter s 20, S0
Of Ve I - LHDE ROLYHCL, A5, 5L EET (OLYEE . ¥aSHIPARYLEY at
10 this time point. The ionic conductivity of this gel-
type polymer electrolyte was measured at 30°C and 0°C in
an alternating current of 1 KHz. The results are shown
in Table 1.
[0102]
15 [Example 5]

The same operation as in Example 1 was
performed except that 85 parts by weight of Polymer A
was replaced with a mixture of 58 parts by weight of
Polymer A and 27 parts by weight of Polymer D in
20 Example 1. As a result, a non-sticky gel-type polymer
electrolyte in a film form was obtained.
[0103]

The weight ratio of water to the total of
Polymer A, Polymer D and water was 21.9% by weight at
25 this time point. The ionic conductivity of this gel-
type polymer electrolyte was measured at 30°C and 0°C in
an alternating current of 1 KHz. The results are shown

in Table 1.



alternating current of 1 KHz. The results are shown in
Table 1. [0110] 42 [Table 1] Table 1 Content of

I oni ¢ carbon oxide conductivity Properties of

copol ymer (nmScm 1) pol yner in polyner Upper row. 300C
el ectrolyte materi al (96by4%pight) Lower row. OC

Sel f-supporting 9.5 filmcausing no Exanple 1 100

6. goexadation of liquid Self-supporting 9.0 film
causing no Exanple 2 88.2 5.7 exudation of liquid

Sel f - suppefips PeL Vv fkbmprausing no Exanple 3 80.0
4.9 exudation of liquid Self-supporting 7.2 film
causing no The same operation as in Example 1 was
performed except that 85 parts by weight of Polymer A
was replaced with a mixture of 55 parts by weight of
Polymer A and 30 parts by weight of Polymer D in
Example 1. As a result, a slightly sticky gel-type
polymer electrolyte in a film form was obtained.
[0105]
The weight ratic of water to the total of
Polymer A, Polymer D and water was 23.3% by weight at
this time point. The ionic conductivity of this gel-
type polymer electrolyte was measured at 30°C and 0°C in
an alternating current of 1 KHz. The results are shown
in Table 1.
[0106]
{Comparative Example 2]
The same operation as in Example 1 was
performed except that 85 parts by weight of Polymer A
was replaced with a mixture of 35 parts by weight of
Polymer A and 50 parts by weight of Polymer D in
Example 1. As a result, a highly sticky gel-type
polymer electrolyte in a film form was obtained.
[0107]
The weight ratio of water to the total of
Polymer A, Polymer D and water was 21.6% by weight at
this time point. The ionic conductivity of this gel-

type polymer electrolyte was measured at 30°C and 0°C in



10

15

Exanple 4 72.9 4.5 exudation of |liquid

Sel f-supporting 6.1 filmcausing no Exanple 5 68.2
3.9 exudation of Iliquid Self-supporting film having
Conparative 1.1 slight 64.7 stickiness in Exanple 1
0.9 which exudation of |IQ% d was observed Non-self
supporting film Cbnparatlve]o 8 having high Exanple

ﬁaﬁﬁ g Qe§n§£iﬁ§b85§§ﬁ?g 3@'@hKﬁ§Uda%F%nr8%Elkbq%E% shown

serve n-se supporting fi nparative
O.gnh@ybpg high Exanmple 3 0 stickiness in 0.1 which
exudation of liquid was observed 43
[0108]

[Comparative Example 3]

The same operation as in Example 1 was
performed except that 85 parts by weight of Polymer A
was replaced with 85 parts by weight of Polymer D in
Example 1 and hexamethylenediamine was not used. As a
result, a highly sticky gel-type polymer electrolyte in
a film form was obtained.
[0109]

The weight ratio of water to the total of
Polymer D and water was 20.5% by weight at this time
point. The ionic conductivity of this gel-type polymer
electrolyte was measured at 30°C and 0°C in an
alternating current of 1 KHz. The results are shown in
Table 1.

[0110]



[0111] [Exanple 6] 30 parts by wei ght of

l'ithi um boron

tetrafluoride (LiBF4) as an electrolyte salt was m xed
5 with and dissolved in 70 parts by weight of y

but yrol actone to make a solution having a
concentration

of this solution

wer e ch@nggelgjo
heated and stirred at

of 30% by wei
and 120 par

t.

100 parts by wei ght
s by wei ght of Pol yner
an autoclave and the m xture was
10 120C to obtain a transparent

B

vi scous solution. [0112] f%ﬁgé {his viscous solution
was cast to a thickness o 0O mon a glass pl at e,
t he cast sol'u A I Under—atmosSpherTT
pfessure at 12% Hﬁgﬁggﬁﬁ our. THenéafter, |[the gl ass
pf at e was pla,e cbbo ggcuquﬂquCQWﬁltu 156€opadties of
further dried|faqf, As &mgemult, ap al | polymer
splid-type po yn%bt fggrolypéemnrQWTlBﬁf¢)rnﬁhavtﬁglyte
al y-butyrol acf ¢ cREY §At ) OFLINDOOFPpin G | ess
deternirned—by Lo\A#ﬁ%ﬁ&%ﬁﬁﬁfﬁﬁ1ﬁﬁﬁﬁ-ﬂMﬁa obt-atred:
[0113] The iopic conductivity of t? g al | s;ﬁ?%frzggportlng
pptyamplel Bctfol yteloas meagured af "30C in ahtiM tausing fI’lO
alternating cpurrent of 1 KHt. The Pedult is|s : 93 ©
26 . Table 2 r 11411I [Fyanrpl @ 7] The _sane npnrr-n“i ri]‘qa%l
i h Exanmpl e 6 s 44 per f or fred excepb t hat 126lpastupporting
by yehohd of Pol yneyg B 9. film causing no
) 5.7 exudation of
liquid
. Self-supporting
. film causing no
Example 3 80.0 4 exudation of
liquid
Self-supporting
film causing no
Example 4 12.9 exudation of
liquid
1 Self-supporting
. film causing no
Example S 68.2 .9 exudation of
liguid
Self-supporting
film having
. slight
gzgigiztive 64.7 stickiness in
which exudation
of liquid was
observed
Non-self-
supporting film
- .8 having high
gzgﬁgfztéve 41.2 stickiness in
S which exudation
of liquid was
observed
Non-self-
supporting film
Comparative 0.2 having high
Example 3 0 stickiness in
0.1 which exudation
of liquid was
observed




was replaced with a m xture of 100 parts by wei ght of
Pol ymer B and 20 parts by wei ght of a copol yner of

vi nyl i dene fluori de and hexafl uoropropyl ene having a 5
wei ght average nol ecul ar wei ght of 35, 000

(copol ynerization ratio= 884'3 12, hereinafter referred
to as "Polyner E'") in Exanple€ 6. As a result, an al
sogbgliype pol ynmer electrolyte in a filmformhaving a
y- butyrol act one content of 1,000 ppm or |ess

det er m nedamgPeby] 13CNVR nmeasur ement was obt ai ned.
[0115] The ionic conductivity of this all solid-type
pol ymer el ecBoopyteswey weagHtedral i 88Cumnbakon
alternating current of 1 KHz. The result is shown in
15t Fabh£lorji416l.iBFExansl an 84 1 ddier shyee opel at was msxed
in Exanple 6 was perforned except that 120 parts by

Swevghle afidPdigaeived 20 Waspaspbabgdwaiightaofii ¥ture of

85 parts by weight of Polymer B and 35 parts by wei ght

of ey yekacEoRe tExEAlEeassoNgtionebaringas gehcentration
sol id-type polyner electrolyte in a filmformhaving |

a ?fbﬁ?%r%Ya%?bﬂ%t-co%@%nPaB s1bgowepghtort] £8ds solution

d j hed b 3CN 2 bt a| ned. ,

oL TLAR LRy A0 B8, TERSUCPTRDL Koo 00l Bhied e
L d_at, 30C i 45,

oIS ALERLE b AT RE e oo n3fFe e, B o

ernati ng curreéent o

10 TaPA®Pto obtain a transparent viscous solution.

15

20

25

(0112}

After this viscous solution was cast to a
thickness of 500 um on a glass plate, the cast solution
was dried under atmospheric pressure at 120°C for 1
hour. Thereafter, the glass plate was placed in a
vacuum dryer set at 150°C and further dried for 10
hours. As a result, an all solid-type polymer
electreolyte in a film form having a y-butyrolactone
content of 1,000 ppm or less determined by °CNMR
measurement was obtained.

[0113]

The ionic conductivity of this all solid-type
polymer electrolyte was measured at 30°C in an
alternating current of 1 KHz. The result is shown in
Table 2.

[0114]
[Example 7]

The same operation as in Example 6 was



[0118] [Conparative Exanple 4] 5 The sane operation
as in Exanple 6 was perfornmed except that 120 parts
by wei ght of Polymer B was replaced with a nmi xture of
75 parts by weight of Polyner B and 45 parts by

wei ght of Polymer E in Exa 4 e 6. As a result, an al
solid-type polynmer 10 electrolyte in a filmform

hayi =b a e 0 p r .l

ol 2o endaDUL O aEh90e 1 260RRERL B DedBRPHR Pylfins o
Thga s 0pes1 £0BdUGEENMT BYm@kthPLS o2l h 080LLAtkyRS whight of
pol yner ‘el ectrol yte was neasured at 30C in an

al eI praétng suar 2ot paktd KhzwelbBtr egubt chpoihper oF
Table 2. [0120] [Conparative Exanple 5] 20 The sane

opeifayibdens fhu&xadpl enf wasafpebropiedyexeephatialy a
120 parts by weight of Polynmer B was replaced with a

5wt gkt ofvdbaparnsleyubeirgheight B6l $ARO0B and 75

10

15

20

25

parts by weight of Polymer Ein Exanple 6. As a
r eSePRol gnenl ratbbndraype=pdBynel225herednabkpre riefegred
filmformhaving a y-butyrolactone content of 1,000
pb%?o@slggglﬂ@?érﬁfﬁeanb XanPeARRE - reA§upeifefti lhas an all
obto'n d. [0121] 46 Tfe ionic conduct%vity of this,
2l POLEF |BY1{’?p%°iu¥5‘F?Fre? BFEEDH¥F§t EPnas THelshPEl GeVane 2
L&&%%qﬁ?éfgcEgﬁémké%géﬁgnofﬁl9058t§p£T§Erfggétdégermined
by 13CNMR measurement was obtained.
[0115]

The ionic conductivity of this all solid-type
polymer electrolyte was measured at 30°C in an |
alternating current of 1 KHz. The result is shown in
Table 2.

[(0116]
[Example 8]

The same operation as in Example 6 was
performed except that 120 parts by weight of Polymer B
was replaced with a mixture of 85 parts by weight of
Polymer B and 35 parts by weight of Polymer E in
Example 6. As a result, an all solid-type polymer
electrolyte in a film form having a y-butyrolactone
content of 1,000 ppm or less determined by °CNMR
measurement was obtained.

[0117]
The ionic conductivity of this all solid-type

polymer electrolyte was measured at 30°C in an



Table 2. 5 [0122] [Conparative Exanple 6] The sane
operation as in Exanple 6 was perforned except that
120 parts by weight of Polyner B was replaced with
120 parts by weight of Polymer E in 10 Exanple 6. As a
result, a filmcould not be4 tained, but a white
powder m xture was obtained.”[0123] The content of

pr b fn.this ol y r @i n

R S0 oo enL co "B o TTE oeorageloparonf in
Waszh POsSi bl e to nmeasure the ionic conductivity.
[0124] 47 [Table 2] Table 2 Content of 1onic carbon
ox{gelgpnductivity Properties of copolynmer (nScm 1)
pol ymer in polymer Upper row. 300C el ectrol yte

mat eri a[Cliaperatbve EXEmpYeby]wei ght) Sel f-supporting
Exanple 6 100 2.1 fil mcausing no 1.6 exudation of

Sliquid Sel fThappanti ogerdtofi bm tauBkagphe 6Ewaspl e

10

15

20

25

7 83.3
performed except that 120 parts by weight of Polymer B

was replaced with a mixture of 75 parts by weight of
Polymer B and 45 parts by weight of Polymer E in
Example 6. As a result, an all solid-type polymer
electrolyte in a film form having a y-butyrolactone
content of 1,000 ppm or less determined by 13cNMR
measurement was obtained.

[0119]

The ionic conductivity of this all solid-type
polymer electrolyte was measured at 30°C in an
alternating current of 1 KHz. The result is shown in
Table 2.

[0120]
[Comparative Example 5]

The same operaticn as in Example 6 was
performed except that 120 parts by weight of Polymer B
was replaced with a mixture of 45 parts by weight of
Polymer B and 75 parts by weight of Polymer E in
Example 6. As a result, an all sclid-type polymer
electrolyte in a film form having a y-butyrolactone
content of 1,000 ppm or less determined by PCNMR
measurement was obtained.

[0121]



5

10

15

1.2 exudation of liquid Self-supporting Exanple 8
70.8 1.2 filmcausing no 0.9 exudation of liquid
Conparative 0.2 Brittle film Exanple 4 62.5 0.1
Conparative 37.5 Brittle film Exanple 5 '5 0.03
Conpar ati ve Unneasurabl e Eﬁgn'pl e 6 0 Powder form
Unneasurabl e [0125] [ Exanp 9] After 75 parts by

wei ght of Popydrey ﬁié”@b&§$ @1@§{§Sopytwféggilogolld type

Pol ymer E were ted and kneaded, the m xture was

fq:fd]!%ﬁnérﬂté)l@ct{ﬁél@{@\/w&@ ed b ckaess 309c 150 an This

filmwas irradiated with electron rays wth a dose of
5.4 Mdmathd inphtt rergt csOSBIKIMKed Thé ntesh 08265 3Rowhi $n
filmwas imersed in a solution having a

careded rat i on of 20% by wei ght in which 20 parts by 48
wei ght of lithium boron tetrafluoride (Li BF4) m xed

wi tthi2zznd di ssolved in 80 parts by wei ght of

y-butyrol actone, at 120C for 2 hours, and thereafter
the filiRomearaol e Examplbon®t enperature and the

surface of the filmwas 5 washed. The filmwas swoll en
and t he meidHﬁEW%§ne operation as in Example 6 was

performed except that 120 parts by weight of Polymer B
was replaced with 120 parts by weight of Polymer E in
Example 6. As a result, a film could not be obtained,
but a white powder mixture was obtained.
[0123]

The content of propylene carbonate in this
Polymer E determined by I3CNMR measurement was 1,000 pPpm
or less, but it was impossible to measure the ionic
conductivity.

[0124]



10

i ncreased by 85% based on the original weight. [0127]
The properties of conposition, ionic conductivity and
pol ymer electrolyte of this filmwere 10 as shown in
Table 3. [0128] [Exanple 10] The sane operation as in
Exanpl e 9 was perforned exgept that the mxed ratio
of polynmers was 15 changed to that of 68 parts by

wei ght ofFpl yppr A and 32 parts by wei ght of Polymner
E in Exanmpl e 9 As a result, a swllen filmincreased
in weight by 215% based fgbigezorlglnal wei ght was
obt ai ned. [0129] 20 The propertles of conp03|t|on

i pnic _conduc ana mer et ectrofytejof this

filmwere as E f%%l b 3. [DaBDE 49 [Table 3]

Table 3 Wi ght v@mmﬁucwndudnnv 9r0perties of

Properties of Qd WSCMKEC@oﬂé ppeelymer

row. 300C electrglgggla i gh| BBPGHEREPVE % ABI@ @?tr01yte

Lower row. 0 [G5hf -welDpef | | FPVEX AR e BT4p. 5 5.

f Hmecaustreg—Ho ;
Self-supporting
film causing no

Example 6 100 exudation of
liguid
5 Self~supporting
. film causing no
Example 7 83.3 P exudation of
liquid
5 Self-supporting
. film causing no
Example 8 70.8 5 exudation of
liguid
Comparative . .
Example 4 2.5 0.1 Brittle film
Comparative 0.09 ‘ .
Example 5 37.5 0.03 Brittle film
Comparative Unmeasurable
0 Powder form
Example 6 Unmeasurable
[0125]
[Example 9]

After 75 parts by weilght of Polymer A and 25

parts by weight of Polymer E were melted and kneaded,

the mixture was formed into a film having

a thickness

of 150 u. This film was irradiated with electron rays

with a dose of 5.0 Mrad to obtain a crosslinked film.

[0126]

This film was immersed in a solution having a

concentration of 20% by weight in which 20 parts by




3.2 exudation of liquid Self-supporting Exanple 10
63.2 6.7 filmcausing no 4.1 exudation of |iquid
[0131] (Exanple 11] The present exanple shows an
exanpl e of an 5 el ectrochem cal device of the present

i nvention using a gel-type4%olyner el ectrolyte of the
present invention. Fig. 1 is a schematic

Cr@lﬁ?%f ONPd h ViR OF oy htétrskfﬁ&r:@aaem@b deyi €8d with
0132 10 <Preparation of Polyner Electrol yte

Sadntt i s dddwed Lidk g oip et &bl elé afhtobk dp-Hikd BR)actone,
propyl ene carbonate and Pol yner A were charged at a
weitght2 0%at ifer &f hdirs,7Grid e reanttdhecha xfidre wes cooled
heated and stirred at 120C to obtain a viscous
sdlatrom UenpeBS3lreParpariaei surdbdcPosktthe Elidotwede
Sheet > LiCoQ2 (average particle size: 5 m as a

5 posishad. el Bee rodbn ae2 s vewphien and the geaphtt waand
50 acetylene black as conductive auxiliaries were
cﬂ%ﬂc?ﬁéﬁﬁﬂERYaS%%l%%$e¢a@$ot%$ Qppginal: WﬁlﬁhtE0134]
Aﬁﬁ 00 parts by weight of a polyner 5 electrolyte

sol Ut4 (1) and 100 parts by wei ght of the m xture

of & posi tivg, ol ectrode, actye maleripl an

1onic
conductivity and polymer electrolyte of this film were
10 as shown in Table 3.
[0128]

[Example 10]

The same operaticn as in Example 9 was
performed except that the mixed ratio of polymers was
15 changed to that of 68 parts by weight of Polymer A and
32 parts by weight of Polymer E in Example 2. As a
result, a swollen film increased in weight by 215%
based on the original weight was obtained.

[0129]
20 The properties of composition, ionic
conductivity and polymer electrolyte of this film were

as shown in Table 3.

[0130]



10

15

conductive auxiliaries were kneaded to be nmade in a

paste form
an al um num f

oi |

the m xture was applied to one surface of
positive el ectrode collector having a

10 thickness of 15 pmat a thickness of 200 pm The
coll ector was dried at 150C,f;or 2 hours to obtain a
positive el ectrode sheet. [éfSS] The content of
propyl epgaigps bpnpate contained 15 in this positive

el ectrode sheet was 12. 3% by wei ght

total weight
excl udi ng an

of the posit*g@lglgctrode
positive el ectrode

al um num f oi

based on the
sheet

cpitector—{0
ectrode She
average par
ectrode act
y wei ght of

pde in a pas

136}

bt > F 2
i QRIS 10

Vo1 PELEN
i %@?ﬁm@

PPN

;. 20, <PLEpq
parts byomgecght of

ratiom of ~Negat

praorasicE inagat i
nvas kireSeed)with
-VPBEYt 8096 dPPG

PEDYhE N TRRTUEOWas “4p

Ve

graphite
veProperties of
100 patymer
N (g}epgrgéyte
bl ied to

oef an P~
T SuUrtTactT U

[Ed&fb e 9 Th
purs to obta
e _content

chi
15
fF—a—coppet—fot

i ng a

in a 51

negat i

t hi ckness of 1
e coldloest or was dried at 150C

at a

ve el edt£ode sh
honate contajine

oot 1oy 1 At oo
I necyarrve  T©rccu

Eugﬁﬁgggporting

E mzcausing no
et ian of

8| ir1%ﬁ%q3d

E
(
e
b
|
0
cpl |l ector hav
0
h
T
n
0
e

oi |

prnpylpnp cal

pgative el ectrode sheet was 14.496bi
I

rhﬁgﬁ?jéﬁfﬁ i ghtgz0f, t he negat i v@-
xcl uding a cppper

wei gh
ectro

negative elettrode

Sélpasepporting

jéilmheausing no

cE¥ugEtgron of
liguid

[0131]
[Example 11]
The present example shows an example of an
electrochemical device of the present invention using a
gel-type polymer electrolyte of the present invention.
Fig. 1 is a schematic cross-sectional view of this
electrochemical device.
[0132]
<Preparation of Polymer Electrolyte Solution (1)>
Lithium boron tetrafluoride (LiBF,;), propylene
carbonate and Polymer A were charged at a weight ratio
of 20 70 100, and the mixture was heated and
stirred at 120°C to obtain a viscous solution.
[0133]
<Preparation of Positive Electrode Sheet>
LiCo0,

(average particle size: as a

S pm)

positive electrode active material, and graphite and
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[0138] <Preparation of Electrochem cal Device> 10

Pol ymer C was press-nolded at 210C to prepare a film
having a thickness of 18 m This filmwas imersed in
a solution in which the weight ratio of |ithium boron
tetrafluoride (LiBF4) to pr | ene carbonate is 40 :

60. The filmwas left standi'ng at 15 room tenperature

foécééyDQHéSbléeﬁ &QGESHMuEMbEeHuQEQ1a§1@9' VB dry-
el ectrolyte filmincreased in weight by 48.3% base

Onmiked o5t 0h ki YRt ghhtV8soebtabneds [0238] The
positive el ectrode sheet and the negative 20

el pc13o7e sheet were lam nated interposing this

pol ymer electrolyte filmtherebetween to assenble an

el ectrochem BatedeldBepshomnbynwEightlof[ @1#0lymer
<Property Eval uation of Electrochem cal Device> 25
Thelevarebytensoluthangélandndi $8Rapgetpr bpereiightoft the
this el ectrochem cal device was perfornmed as follows.
AfRE¥teRar of ng Pﬁshtéﬁﬁs?éﬁFtr@Q?réﬁ?#&@n@@ﬁﬁﬁl@élPé@e
char gi ng pode of maxi mum 52 current of 50 and a
TSP IRA Vb T e a@wé%%laraev veresk “ﬁ@ﬂ?g tphge made
electroc en1ca# devi c was_di scha

COTRt Rt TR T oheS P FBhA. “HHeSHPLERAY 6 JBPuRLZTREE Of
3058 TPl 08! 2811 Poo | BPye! SFLERENSE £3h dR¥beersotas o

i n t € Sa condi't éval uat

o PLZERELOm, YoLuTRplge ReChoLRd U o00cERet oohe
shoym &8 JAbk§s4dried at 150°C for 2 hours to obtain a
positive electrode sheet.

[0135]

The content of propylene carbonate contained
in this positive electrode sheet was 12.3% by weight
based on the total weight of the positive electrode
sheet excluding an aluminum foil positive electrode
collector.

{0136]
<Preparation of Negative Electrode Sheet>

After 50 parts by weight of graphite (average
particle size: 10 um} as a negative electrode active
material was kneaded with 100 parts by weight of a
polymer electrolyte solution (1) to be made in a paste
form, the mixture was applied to one surface of a
copper foil negative electrode collector having a
thickness of 18 pum at a thickness of 150 pum. The

collector was dried at 150°C for 2 hours to obtain a



[0141] 10 [Exanple 12] <Preparation of Polynmer

El ectrolyte Solution (2)> Lithiumboron tetrafluoride
(Li BF4), pol ypropyl ene carbonate, Polymer A and

Pol yner E were charged at a weight ratio of 20 : 70 :
75 : 25, and the 15 nixtureswas heated and stirred at
120C to obtain a viscous sdlution. [0142]

<R atd ot of+ Pogit Lye- £l ectrode Sheet> A positive
el ectrode sheet was obtained in 20 the sane manner as

i npExanpl e 11 except for using the Polyner

El ectrolyte Solution (2). [0143] The content of

propyl ene cartenadetevnt af nedopybehdi 8appshhteecontained

el ectrode sheet was 11.9% by wei ght 25 based on the

t oiral thwes gitgaf itdeepositode sheetrwdes $heéd bychadighy

an alum num foil positive electrode «collector. [0144]
5> 5dasay eprarHte obrodl Neghghveo £l eoerndgabheet slactrode

negati ve el ectrode sheet was obtained in the sane

ma%iﬁt BXF IRt ecarPekcEpt L beIasing ehectpefgner

El ectrolyte Solution (2). 5 [0145] The content of

propy e Ear bonat e contained in this negative

e'ﬁfﬁfﬁﬁe sheet was 14.9% by wei ght based on the

tota i ght of the negative electrode sheet

excl udi ng & £OPPLE T Ok | e 1EORLL ¥l €51 " 8861 ce>

10 Polymer C was press-molded at 210°C to prepare
a film having a thickness of 18 pm. This film was
immersed in a solution in which the weight ratio of
lithium boron tetrafluoride (LiBF,;) to propylene
carbonate is 40 : 60. The film was left standing at

15 room temperature for 24 hours, and thereby swollen and
a polymer eiectrolyte film increased in weight by 48.3%
based on the original weight was obtained.

[0139]
The positive electrode sheet and the negative

20 electrode sheet were laminated interposing this polymer
electrolyte film therebetween to assemble an
electrochemical device shown in Fig. 1.

[0140]
<Property Evaluation of Electrochemical Device>

25 The evaluation of charge and discharge
properties of this electrochemical device was performed
as follows. After charging in a constant-

current/constant-voltage charging mode of a maximum
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10 collector. [0146] <Preparation of Electrochem ca
Devi ce> A polynmer electrolyte filmincreased in

wei ght by 39.5% by wei ght based on the original weight
15 was obtained in the sane manner as in Exanple 11
was perforned except that a:mi xture having a wei ght
ratio of Polymer Cto Polyner E of 75 : 25 was used

aScfr fhtN o MBS @Al and Oéﬂimﬁ&nThsu@Q?ét byesebeqt kgdes
sheet and the negative electrode sheef were | am nated

| IHOURDS| 1ige t &l ScPOdyNE@hic&l e8évOb¥t @aki Hikcharged to 3.0
t herebetween to assenble an el ectrocheni cal device

showat ian ddgstdnt [OIABEnt 25F <P0 oprl t yTEzadilathangef volume

El ectrochem cal Device> The evaluation of charge and

divechef ge2 pniiper tTeeredfters theceiecheatbenideli device

was performed in the sane manner as in Exanple 11.

Tﬁtﬁﬁi‘ esetharged 52 thaowme ncqadieign, [@ndothe evaluation

[ Conmpar ati ve Exanple 7] <Preparation of Polyne

Bl tHoIshar | IR ¥e ((BS Per{prRedntBERsna donstant

tetrafluorlde (Lj BF4), roP%Iene ?rbonate h{

arﬁ}l%ﬁ* et cFe tTablGet ght TRGt F65B anre
nd the m xture was heated and stirred

atsq%b %%4]2%]?@1 n a viscous solution. 10 [0150]

[0141]
[Example 12]
<Preparation of Polymer Electrolyte Solution (2)>

Lithium boron tetrafluoride {(LiBF4),
polypropylene carbonate, Polymer A and Polymer E were
charged at a weight ratio of 20 : 70 : 75 : 25, and the
mixture was heated and stirred at 120°C to obtain a
viscous scolution.

[0142]
<Preparation of Positive Electrode Sheet>

A positive electrode sheet was obtained in
the same manner as in Example 11 except for using the
Polymer Electrolyte Solution (2).

[0143]

The content of propylene carbonate contained
in this positive electrode sheet was 11.9% by weight
based on the total weight of the positive electrode
sheet excluding an aluminum foil positive electrode
collector.

[0144]
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<Preparation of Positive El ectrode Sheet> A positive
el ectrode sheet was obtained in the sane manner as in
Exanpl e 11 except for using the Polyner Electrolyte
Solution (3). 15 [0151] The content of propyl ene
carbonate contained in thi ositive el ectrode sheet
was 12.6% by wei ght based on the total weight of the

posi tivepgbggthed8n éhe@t—egs&%edm@c%eeoaleum@lé@ﬁ oi |
positive electrode 20 collector. [0152] <Preparation

of Negative El pehaetleeSheetrrAdacgakievevalsecbted@ed in
sheet was obtained in the sane manner as in Exanple

liltkxcephefnannsirngst he ERamPakytdr ekkeptr doyt @sing the
Solution (3). [0153] The content of propylene
caPbbymer Ebathrnd@tei Bolhisonedgadbi.ve el ectrode sheet
was 15.8% by wei ght 55 based on the total weight of
t heOhéghti ve el ectrode sheet excluding a copper foi
negative electrode collector. [0154] 5 <Preparation
of El ectrocheifcaPnbeptces RrEBV}ﬁE? 6?6?@P6Pﬁtéopﬁﬁﬁped
increased in ht 33. 9@6% ﬁg d.on the
or 151 Ear S WBPUAE TV ens St APHEAST oL niand - Snker VLo
Ex riorned xcept . that a.m xture having
= BERER T TS 1BEat REToRE ST bBbrBrgRur vE S1Ssh IS
“B§h8é€de§élédihgn£ Hgbﬁékakoil negative electrode

collector.

[0146]

<Preparation of Electrochemical Device>

A polymer electrolyte film increased in
weight by 32.5% by weight based on the original weight
was obtained in the same manner as in Example 11 was
performed except that a mixture having a weight ratio
of Polymer C to Polymer E of 75 : 25 was used as a film
material.

[0147]

The positive electrode sheet and the negative
electrode sheet were laminated interposing this polymer
electrolyte film therebetween to assemble an
electrochemical device shown in Fig. 1.

[0148]
<Property Evaluation of Electrochemical Device>
The evaluation of charge and discharge

properties of this electrochemical device was performed

in the same manner as in Example 11. The results are



[0155] The positive el ectrode sheet and the negative
el ectrode sheet were lam nated interposing this
polymer 15 electrolyte filmtherebetween to assenbl e
an el ectrochem cal device shown in Fig. 1. [0156]
<Property Eval uation of El egtrochem cal Device> The
eval uati on of charge and di scharge 20 properties of

t hiyso&l egt reghes gal device was perforned in the sane
manner as in Exanple 11. The results are shown in

Tajdesdhy [0157] 56 [Table 4] Table 4 Content of
Di scharge condition (m) and carbon oxi de di scharge

vol ume (eMpar£0p9d yERimpDe PPl yrer  material | QA 50mA
100m (% by weight) Exanple 11 100 86. 2mAh 80. 6mAh
76. TMANKPfapapdeid? F5. PoBomémANl &5t BoPht 69S6Ahion (3)>
Conparative 60.0 24.9mAh 9.1 mAh Non- Exanple 7

5 di schar geabl eitipumgpofExanpt eaiBlios0dparl L3BBy) mepxpipylene
of lithiumb5 bis (trif luoronethanesulf onyl) imde

{ (Cr3Bom LI Bohignen Aecpedt Folymershl veraschrzgadwatha

and dissolved in_50 ,
weight ratio of 20 : 70 : 60 : 40, and the mixture was

heated and stirred at 120°C to obtain a viscous
solution.
10 [0150]

<Preparation of Positive Electrode Sheet>

A positive electrode sheet was obtained in
the same manner as in Example 11 except for using the
Polymer Electrolyte Soluticn (3}.

15 [0151]

The content of propylene carbonate contained
in this positive electrode sheet was 12.6% by weight
based on the total weight of the positive electrode
sheet excluding an aluminum foil positive electrode
20 collector.

[0152]
<Preparation of Negative Electrode Sheet>

A negative electrode sheet was obtained in
the same manner as in Example 11 except for using the
25 Polymer Electrolyte Solution (3).

[0153}
The content of propylene carbonate contained

in this negative electrode sheet was 15.8% by weight



parts by weight of water to nmake a solution having a
concentration of 50% by weight. 100 parts by wei ght of
this solution and 75 parts by weight of Polymer A were
10 charged into an autoclave and the m xture was
heated and stirred at 120Cdp obtain a transparent

vi scous solution. [0159] Adter 0.1 parts by wei ght of

15ph8xanmehhyhenedtanm Reightacer ensl hakihRg vadenteMaSde
added to 100 parts by weéight of this viscous

sobhéetnexthedingxhuceppas gasl hegattilieckness relde500

pmon a glass plate. Thereafter, the cast m xture was

drcetlaeoter. atnmospheric pressure at 80C for 1 hour to

thereby 20 obtain a slightly sticky gel -type pol yner

el eetvédlyte 57 in a filmform [0160] The wei ght

ratio of water to the total of Polynmer A and water
Sdet erm ﬁBaemrqHNwR aEableetsachanicelt Reyicere poi nt

was 32. 1% by_wei Here, the NVR _neasurenent was

per f or ned usﬁn@ogKmPEAﬂéGCﬁﬁﬁéVEGt@%éﬂ ipgreeeed, dg.

ISR e LS Pt e e, R TE weson
“t‘%bﬁ“%gn‘fﬁiéﬁ? %Ex%%a BannpEraE unBdhiea) ﬁ“wsss
RS O LN SO LI
10ASof BEBYhEr @ to Polymer E of 60 : 40 was used as a film
material.
[0155]
The positive electrode sheet and the negative
electrode sheet were laminated interposing this polymer
15 electrolyte film therebetween to assemble an
electrochemical device shown in Fig. 1.
[0156]
<Property Evaluation of Electrochemical Device>
The evaluation of charge and discharge
20 properties of this electrochemical device was performed
in the same manner as in Example 11. The results are

shown in Table 4.

[0157]
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substantially non-sticky gel-type polyner electrolyte
ina filmformwas obtained. [0162] The weight ratio
of water to the total of a 20 polyner of ethylene and
carbon nonoxi de and water was 19.3% by weight at this
time point. The ionic COﬂd%ﬁ§lVlty of this gel-type
pol yner electrolyte was neasured at 30C and OC in an
al ternatrggisugfent of 1 KHz. The results are shown
in Table 5. 25 E0163] [ Exanpl e 15] The same operation
as in Exanple 13 was per# % ggd except that the drying
hour at 80C was 58 change % hours in Exanple 13.

ob yror ol ect [ QGHETH |1 M %E%@%%’f@fﬁnn#m and

2% by wei gh polloirA The BORAC 100mA
pbnductivity JK%t yswgéthgype polyner el ectrolyte was

at ak—ta-ant Bl ot af 1

Y

[0164] 5 The @gﬁln 9 watEt

pol ymer of etwy carkon monoxilde and water was
9

c

ol +
East-et—at \JJ\/ allu uu H—&dth al tefHiayt Y CHHT¢eHt—0o1 T

Exépldhelresul tsi@be showB & renbll 8®G.6mAN)]165] 76. 7mAh

EXaﬁDfE*16;*ﬁffEf-a—V+S€OU?—Sﬁ+Uf+ﬁﬁ obt-atrtet—n—the
icampa@nesd as i n Bxedhpl e 13 CvalsnAdagt’ 3.l hi ckh8s §mAh

on a grass ptate, the gast—sotutTon S

4o 0 n— K

Ff%gﬁ lg'Q% : ) ) on-
E% %?gr% nMos predr.icc presQMmSmﬂhiZGCﬁmﬂhSdggghargeable

[0158]
[Example 13]

50 parts by weight of lithium

bis{trifluoromethanesulfonyl)imide {(CF3S80;).,NLi} as an

electrolyte salt was mixed with and dissclved in 50

parts by weight of water to make a solution having a

concentration of 50% by weight. 100 parts by weight of

this solution and 75 parts by weight of Polymer A were

charged into an autoclave and the mixture was heated
and stirred at 120°C to obtain a transparent viscous
solution.
[0159]

After 0.1 parts by weight of

hexamethylenediamine as a crosslinking agent was added

teo 100 parts by weight of this viscous solution, the
mixture was cast to a thickness of 500 um on a glass
plate. Thereafter, the cast mixture was dried under
atmospheric pressure at 80°C for 1 hour to thereby

obtain a slightly sticky gel-type polymer electrolyte



the gl ass plate was placed in a vacuum dryer set at
150C and further dried for 10 hours. As a result, an
all solid-type polymer electrolyte in a filmform 20
having a water content of 1,000 ppmor |ess determ ned
by ' HNMR neasur enent was cﬂnéy ned. [0166] The ionic
conductivity of this all solld-type polyner

el egt£0kyig wgsymeasured at 30C and OC in an 25
alternating current of 1 KHz. The results are shown in
Tapbes®] [0167] [Exanple 17] 59 The sane operation
as in Exanple 13 was perfornmed except that the drying
hour at 80C wmas webangedatdoOob haues kb Exemmbeal3of
As a result, a highly sticky and non-sel f-supporting
gePolyper pal ynerwaberl deteohyhedway OBEMR TeelashoaBeht at
The weight ratio of water to the total of a polyner

Softkityttne patntavddn3dvhdxbievandhat eHe\ms t3s, WHR
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15
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by weight at this tinme point. The ionic
chﬂ%%?F%???toWa?hP§r§@Fm?9pESﬁ69y§§M éﬁé@prﬂﬁﬁﬁéaﬁé§red

neasu nd OC in an Iternat|n rent
i AT ek 7 e SROGN PR deghiuisy P616 ?sﬁgeﬁ—type

of | oni,c

[E§9iym§l gfecgrolyée theasured at 30°C and 0°C in an

alternating current of 1 KHz. The results are shown in
Table 5.
[0161]

[Example 14]

The same operation as in Example 13 was
performed except that the drying hour at 80°C was
changed to 3 hours in Example 13. As a result, a
substantially non-sticky gel-type polymer electrolyte
in a film form was obtained.

{0162]

The weight ratio of water to the total of a
polymer of ethylene and carbon monoxide and water was
19.3% by weight at this time point. The ionic
conductivity of this gel-type polymer electrolyte was
measured at 30°C and 0°C in an alternating current of 1
KHz. The results are shown in Table 5.

[0163]
[Example 15]
The same operatiocon as in Example 13 was

performed except that the drying hour at 80°C was
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solvent)/ conductivity Properties of (Wight of
(nScml') polyner solvent and Upper row. 30C

el ectrolyte high polyner) Lower row. 0C (% by wei ght)
Sel f-supporting filmhaving 10.3 slight Exanple 13
32.1 stickiness but 7.1 ca%%i ng no exudation of
liquid Self-supporting 8.Ifilmcausing no Exanple

1o Hdh e d: o CEULALEQN: T & %ﬁgygdzsselﬁgsgpeeghhgg @n?
FiTm e usi ng no anpe}i .9 379 exudation o
|ié5§6huéﬁd§'§@ﬂp§ﬁiéﬁf Pl 8e 180 0vAle: ENEALEBUGERBTIN a

no 1.2 exudation of i quid n-selt- supporting film
10t i hafd g W gholkxampée@. 17 35.7 stickiness in
[0164]

The weight ratio of water to the total of a
polymer ¢f ethylene and carbon monoxide and water was
9.2% by weight at this time point. The ionic
conductivity of this gel-type polymer electrolyte was
measured at 30°C and 0°C in an alternating current of 1
KHz. The results are shown in Table 5.

[0165]
{Example 16]

After a viscous solution obtained in the same
manner as in Example 13 was cast to a thickness of 500
pm on a glass plate, the cast solution was dried under
atmospheric pressure at 120°C for 3 hour. Thereafter,
the glass plate was placed in a vacuum dryer set at
150°C and further dried for 10 hours. As a result, an
all solid-type polymer electrolyte in a film form
having a water content of 1,000 ppm or less determined
by 'HNMR measurement was obtained.

[0le6]

The ionic conductivity of this all solid-type
polymer electrolyte was measured at 30°C and 0°C in an
alternating current of 1 KHz. The results are shown in
Table 5.

[0167]

[Example 17]



6.9 which exudation of liquid was observed [0170]

[ Exanpl e 18] 30 parts by weight of lithiumboron 5
tetrafluoride (LiBF4) as an electrolyte salt was m xed
with and dissolved in 70 parts by weight of y-

butyrol actone to nmake a sol I on having a
concentration of 30% by mel ht (hereinafter, referred

to as "Sol uts sfﬁ% %%Paﬁ?&ﬁsagy%wggggﬁFQE §Ri §as

solution and par S y wei gh yner B were
geshRad dheept xtnae VRS abgahgdnand atipoed @is
1 OC to obtain a transparent Vviscous solution. [0171]
5 Mdmged hits ¥iScRusrsol it EQampas Tast A6 a rkbButkpess
of 500 pmon a glass plate, the cast solution was
drhsghimdet i @k yosphenon-pebfssuppatt 12Cgedrtpehpuilgmer
As a result, a slightly sticky gel-type pol yner
5e|%ht¢10¢<yllet¢ was folbba foed was obtai ned. 10 [0172] The
ratio of y-butyrolactone to the total of a
poﬁ@ H&e#] of ethyl ene and carbon nonoxi de and
y-butyrol act one determ ned, by 13CNMR neasur enent was
31. 9@6by vei g WRIIRE stathe %g|ﬂ@te#hEO|BhPCtQ§al of a
con IVIt of, t ner el.ectr

i s gel -
At ! oertlirocans SRTabt FraPrREScapreRetor Fas
K%."E‘%;F Gl dite A€ PO ife TRBLSL S EREEhnic
conductivity of this gel-type polymer electrclyte was
measured at 30°C and 0°C in an alternating current of 1

KHz. The results are shown in Table 5.

[0169]



[ Exanpl e 19] 20 The sanme operation as in Exanple 18

was
changed
As a result,
pol ymer

perfornmed except that the drying condition was
to drying at 120C for 3 hours in Exanple 18.

a substantially non-sticky gel-type

el ectrolyte in a fiéq?
[0174] The wei ght -bu

rati o of

y

tyrol actone t

form was obt ai ned. 25

o the

total ofrgppel yyer of ethylene and carbon nonoxide and
y-butyrol actone was 18.3% by weight at this tine
point. 62 The ionic condygfiui gy of this gel-type

pol yner

el ectrol yte was neasured at 30C and OC in an

alternating ¢
Table 6. 5[0
i h Exanple 18
bndi ti on was
n Exanple 18
bn- sti cky ge
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nf§hapd?

£V8g peLjfe)
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gsyl
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exaraptctt et by he
yi ng{®m$cnZoC f or
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s repyt 01

e ShowT TN

ation as

> Brypprgties of

6 hoglymer
electrolyte

afilm

DT was—obt=a
but yrol acto
hd carbon no

Ve Yel

eYEhEN P,
DC and 0C in
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ST WOoOTO ™S TO —

LUJ.IUJ TI'
ne to the totd
noxi de and 15
his t
ype polyrer el q
an alternatir
hown in Table

poi nt.

e—wetght—rati+o—
Al of a polyner ¢
y-but yr ol act one
Thet§-chi c cor
bCct rol yyeiwas neg
\g current of 1 |
6.

PedfpprERerting
wa 12_ §aving
nd ctiﬁé% t
é%ic iq ss but
ASUr -ng no
<H%xu ion of

liquid

Example 14

19.3

Self-suppcrting
film causing no
exudation of
liquid

Example 15

Self-supporting
film causing no
exudation of
ligquid

Example 16

Self-supporting
film causing no
exudation of
liquid

Example 17

35.

10.1
6.

Non~-self-
supporting film
having high
stickiness in
which exudation
of liquid was
observed

[0170]

[Example 18]

30 parts by weight of lithium boron

tetrafluoride

(LiBF4) as an electrolyte salt was mixed

with and dissolved in 70 parts by weight of y-

butyrolactone to make a solution having a concentration

of 30% by weight

A") .

(hereinafter,

referred to as

"Solution

100 parts by weight of this solution and 95 parts




*

20 [0177] [Exanple 21] 100 parts by weight of Sol ution
A obtained in the sane manner as in Exanple 18 and 95
parts by weight of Polyner B were charged into an
autocl ave, and the 25 m xture was heated and stirred
at 120C to obtain a transp ent vi scous sol ution
[0178] After this viscous solution was cast to a 63
thbgkpessnef o B0PoMABrapgliase Bhatged! B8CRBE BIKYLIRNwas
was dried under atnospheric pressure at 120C for 1
honeatdbiesgal seirréfeat| a3e°p! ©d conesiPl acefahSparent
vacuum dryer set at 150C and further dried for 10 5
hout scods acolesiubh, an all solid-type pol yner
electrolyte in a filmformhaving a y-butyrol act one
coh®Ehtl of 1,000 ppmor |ess determ ned by 13CNMR
nmeasur enent was obtained. [0179] 10 The ionic

Sconductivit yAbterhthkial visephd- sppetipol yasrcast to a

10

15

20

25

el ectrolyte was_neasured at 30C in_an alternating
cubherkness 1°0kHEO0THB PRs@l 91R8SsReGRS ntheapRrEteSolution
L0100 - 45 L ExaIp. o, 221 The  sae operal L on aseinco
CORLELON HESGLEIPEE, O GEhD 2, 1205 L8108 b e
NOOr SEL Lo pYPROLLT R0 08 £0-hYRESPBLYORh ! eot Mol yte

[0172]

The weight ratio of y-butyrolactone to the
total of a polymer of ethylene and carbon monoxide and
Y-butyrolactone determined by B3CNMR measurement was
31.9% by weight at this time point. The ionic
conductivity of this gel-type polymer electrolyte was
measured at 30°C and 0°C in an alternating current of 1
KHz. The results are shown in Table 6.

[0173}
[Example 19]

The same operation as in Example 18 was
performed except that the drying condition was changed
to drying at 120°C for 3 hours in Example 18. As a
result, a substantially non-sticky gel-type polymer
electrolyte in a film form was obtained.

[0174]
The weight ratio of y-butyrolactone to the

total of a polymer of ethylene and carbon monoxide and

y-butyrolactone was 18.3% by weight at this time point.
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[0181] The weight ratio of y-butyrolactone to the
total of a polyner of ethylene and carbon nonoxi de and
y-butyrol actone was 41.3% by weight at this tine
point. 25 The ionic conductivity of this gel-type

pol ymer electrolyte was neasured at 30C and OC in an
alternating current of 1 KHZ” The results are shown in

Taple B, 64 c%x?&@@&i{rir 'Sfﬁlh'irébéélﬁtyﬁx\é%e%\rgeﬁc

I oni ¢ sol vent conductivity Propérties of I ght of

(nSceedio PRy NREs mOAYEREJaAE YpRErad®V°BA@ an
el ectrolyte high polyner) Lower row. O0C (% by wei ght)

Sed Testppoiid ngurféhtn 8AVI NBHz 2. 6TBEI gbkulE¥anpke $8own in
31.9 stickiness but 2.1 causing no exudation of
| iTaibde &el f-supporting 2.1 filmcausing no Exanple
19 18.3 1.8 exudation of liquid
[0175]
[Example 20]

The same operation as in Example 18 was
performed except that the drying condition was changed
to drying at 120°C for 6 hours in Example 18. As a
result, an absolutely ncn-sticky gel-type polymer
electrolyte in a film form was obtained.

[0176]

The weight ratio of y-butyrolactone to the
total of a pelymer of ethylene and carbon monoxide and
y-butyrolactone was 7.2% by weight at this time point.
The ionic conductivity of this gel-type polymer
electrolyte was measured at 30°C and 0°C in an
alternating current of 1 KHz. The results are shown in
Table 6. |
[0177]

[Example 21]

100 parts by weight of Solution A obtained in
the same manner as in Example 18 and 95 parts by weight
of Polymer B were charged into an autoclave, and the
mixture was heated and stirred at 120°C to obtain a
transparent viscous solution.

[0178]

After this wviscous solution was cast to a



Sel f-supporting Exanple 20 7.2 1.9 film causing no

1.1 exudation of Iliquid Self-supporting Exanple 21 0
1.3 filmcausing no 0.5 exudation of liquid

Non- Sel f- supporting film 2.7 having high Exanple 22
41. 3 stickiness in 2.2 whi exudation of liquid was

observed [0183] [Conparative Exanple 8] 5 100 parts

by Wl g s 8f o POby §8fim Ep 22 @?&Eé B!atlé’e' gt ehski GBIUM on
bls(trlfluoronethanesulfony imde 1(EF3SOR)2NLi) as

any£$ egt 1 &l yhedsal atﬁagpﬂaeleapkésere\A@tgmtzoerﬁ for 1
propyl ene carbonate were m xed with and dissolved in
200oyar t sThyreef pbt, ofhdi geabyl bostanvde phacat 60Ca
[0184] After this solution was cast to a thickness of
500acmon drgénssepl atel 50N aastiwother cdrived foretdd 5
under atnospheric pressure at 120C for 2 hours. As a

Srdvemrs. a Bighregubti cky gel-sgpédpbypeepcélymetr ol yte

10

15

20

25

ina filmformwas obtained.
electrolyte in a film form having a y-butyrolactone

content of 1,000 ppm or less determined by !°CNMR
measurement was obtained.
[0179]

The ionic conductivity of this all solid-type
polymer electrolyte was measured at 30°C in an
alternating current of 1 KHz. The result is shown in
Table 6.

[0180]
[Example 221}

The same operation as in Example 18 was
performed except that the drying condition was changed
to drying at 120°C for 1 hour in Example 18. As a
result, a highly sticky and non-self-supporting gel-
type polymer electrolyte was obtained.

[0181]

The weight ratio of y-butyrolactone to the
total of a polymer of ethylene and carbon monoxide and
Y-butyrolactone was 41.3% by weight at this time point.
The ionic conductivity of this gel-type polymer
electrolyte was measured at 30°C and 0°C in an
alternating current of 1 KHz. The results are shown in

Table 6.



[0185] The wei ght
t he total

wei ght of Pol yner
was 45.3% by weight at this tine point,
di nmet hyl f or mam de was not
conductivity of this gel-ty
measured at 30C and 0C in a

%

rati o of propyl ene carbonate to
E and propyl ene carbonate

and

15 dd¥z; The results are shown in Table 7.
nparatlve Exanpl e 9] The sane operation as in
8 was perforned except that the

Con'_par at a1 &Exenpl e
drying condition was

3 hours in Conparative Expgple 8 As a result,

10

remai ned. The ionic
pol yner el ectrol yte was
Iternating current of 1

[0186]

20 changed to drying at 150C for

a

substantially non- sticky gel -type polyner electrolyte

ipha firmftorm QRT e [0I87] 25 Thg Wwei ght
rati o of propylegglfcI pppate to Ibeicotal weight of
Ppl ymer E and| prgRylghe (Gar bo H§HQM¥¥¥Z@'8‘oByOm@F§h?S of
al this tine pOé@ive e h@nic comderRtivity| of tRPsymer
gel -type pol yhwigel s6fymbys ¢URARST65°WiedSl bd alegbeolyte
and OC in an at%emyawépghgprkﬁﬂeQﬁrqw The
r esut-ts—are—showr—Tn—Tabte—{—16188} [L,Unp{S £
Exanpl e 10] 5! The sane operation as in Conpard fyguppor 1Ng
L m.hav1ng
Exanple 8 was perfornmed exg¢ept thgtithe dryln 3
C ! si changed to dfying at-250C for .
i%ﬂg%ﬁ%ggép?ve Exgﬁp%e 8. As a reguit, a v=ry ﬁﬁ%ss bu
gel -type exudatlon of
liquid
Self-supporting
film causing no
Example 19 18.3 exudation of
liquid
Self~supporting
film causing no
Example 20 7.2 exudation of
liguid
Self-supporting
film causing no
Example 21 0 exudation of
liguid
Non-Self-
supporting film
2.7 having high
Example 22 41.3 stickiness in
2.2 which exudation
of liquid was
observed
f0183]
[Comparative Example B8]
100 parts by weight of Polymer E, 25 parts by

weight of lithium bis(trifluocromethanesulfonyl)imide

{ (CF3502),NLi} as an electrolyte salt and 120 parts by

weight of propylene carbonate were mixed with and

dissolved in 200 parts by weight of dimethylformamide
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pol ymer electrolyte in a filmformwas obtained. 10
[0189] The weight ratio of propylene carbonate to the
total weight of Polymer E and propyl ene carbonate was
16. 8% by weight at this tinme point. The ionic
conductivity of this gel-tyQ% pol ymer el ectrol yte was

15 neasured at 30C and OC inan alternating current of

1 sKHzgedhe results are shown in Table 7. [0190]

[ Conparative Exanple 11] After the solution containing
Potyr®g] E and 20 the electrolyte salt obtained in the
sane manner as in Conparative Exanple 8 was cast to a
thi ckness of AB0Ormhon sogL8ssénpkakecakhieteasat thickness
solution was dried under atnospheric pressure at 120C
forf 2500uprs. oTherghéserplatbe ghassaptateluasopl @aaeddried
in a vacuumdryer set at 25 150C and further dried for
10umder satmgsphersal preasufel atcodPiC nbor b2 bbdtas nedds a
but a white powder m xture was obtained. [0191] 67
Theetbht ent diighbpy| shéckdr BohatBPENPPAYREK| RLgEETRAYtE
1,000 p nlor | ess, but it was inpossible to neasure
th%“i%nf% RobotRt Y97t 9PTPER99T 5 [ Conparative Exanpl e
12E %?Q parts by weight of Polynmer D and 25 parts by
we % bt ['ithium bis(trifluoronethanesul fonyl)im de

(o002 e s B FELLE, Yo SR B
the total weight of Polymer E and propylene carbonate
was 45.3% by weight at this time point, and
dimethylformamide was not remained. The ionic
conductivity of this gel-type polymer electrolyte was
measured at 30°C and 0°C in an alternating current of 1
KHz. The results are shown in Table 7.

[0186]
[Comparative Example 9]

The same operation as in Comparative Example
8 was performed except that the drying condition was
changed to drying at 150°C for 3 hours in Comparative
Example 8. As a result, a substantially non-sticky
gel-type polymer electrolyte in a film form was
obtained.
[0187]

The weight ratio of propylene carbonate to
the total weight of Polymer E and propylene carbonate

was 24.8% by weight at this time point. The ionic

conductivity of this gel-type polymer electrolyte was
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10 [0193] After this solution was cast to a thickness
of 500 mon a glass plate, the cast solution was dried
under atnospheric pressure at 80C for 2 hours. As a
result, an all solid-type polyner electrolyte in a
film15 formin which aceto 6}ri|e was conpl etely
voIatiIized was obt ai ned. ? 194] The ionic

&ty ofpddig ldecsqhi Ayt ﬁger&%tﬁ'ﬁagr curorent of 1

electr #yte was neasured at 30C a 0OCin an

alges nattme £oEHEnt Ofe lskblkn TRerTaBSH! S are shown in
Table 7. [0195] 68 [Table 7] Table 7 (Wi ght of

| omdrsspl vent)/ conductivity Properties of (Wight of
(mScm 1) polynmer sol vent and Upper row. 30C
el ect r ol Gdmpataghveobyamep)e LbOMEr row. 0C by wei ght)
Non-sel f- supporting film Conparative 0.93 having
hi gh ExanplBh8 #5518 gpevationkaness CamphAkshive Example
O eae Ter Pormed icopt that Lhe drying cohaition was
changed to drying at 150°C for 6 hours in Comparative
Example 8. As a result, a very brittle gel-type
polymer electrolyte in a film form was obtained.
[0189]

The weight ratio of propylene carbonate to
the total weight of Polymer E and propylene carbonate
was 16.8% by weilght at this time point. The ionic
conductivity of this gel-type polymer electrolyte was
measured at 30°C and 0°C in an alternating current of 1
KHz. The results are shown in Table 7.

[0190]
[Comparative Example 11]

After the solution containing Polymer E and
the electrolyte salt obtained in the same manner as 1in
Comparative Example 8 was cast to a thickness of 500 um
on a glass plate, the cast solution was dried under
atmospheric pressure at 120°C for 2 hours. Thereafter,
the glass plate was placed in a vacuum dryer set at
150°C and further dried for 10 hours. As a result, a
film could not be obtained, but a white powder mixture

was obtained.

[0191]



filmhaving Conparative 0.39 slight Exanple 9 24.8
0.13 stickiness in which exudation of Iiquid was
observed Conparative 16.8 Brittle Exanple 10 '8 0.01
film Conparative Unnmeasurable Exanple 11 0 Powder

f orm Unneasur abl e Cbnparat%ﬁe 0 0.11 Sel f-supporting
Exanple 12 0.03 film [0196] [ Exanple 23] The present

exanpl e Sho%hé‘”c@?f@éfﬁj_ceoﬁfQBp?l@h@%é%Bﬁ&%%n this
device of the present Iinvention using a gel-type

Pahykeirel £s o) y0® Bpmt B2 PeesenbutNyenyh8Nimpbkdible to
is a schematic cross-sectional view of this

elmed swcherihe al oty i €endhOd9¥1ty10 <Preparation of

Pol yner El ectrolyte Solution (4)> 69 Lithium boron
tet®@B¥2oride (Li BF4), polypropyl ene carbonate and

Pol ymer A were charged at a weight ratio of 20 : 80 :

5100, antComparxive cExanpléehdZed and stirred at 120C

10

15

20

to obtain a viscous 5 solution. 0198] <Preparation
of Positive H@cp?pte Bneweight of Polymer D and 25 parts

by weight of lithium bis(trifluoromethanesulfonyl)imide
{ (CF380;3)2NLi} as an electrolyte salt were mixed with
and dissolved in 250 parts by weight of acetonitrile.
[0193]

After this solution was cast to a thickness
of 500 pm on a glass plate, the cast sclution was dried
under atmospheric pressure at 80°C for 2 hours. As a
result, an all solid-type polymer electrolyte in a film
form in which acetonitrile was completely volatilized
was obtained.

[0194]

The ionic conductivity of this all solid-type

polymer electrolyte was measured at 30°C and 0°C in an

alternating current of 1 KHz. The results are shown in

Table 7.
[0195]



10

Li CoO2 (average particle size:
el ectrode active materi al,

5 m as a positive
and graphite and 10

acetyl ene bl ack as conductive auxiliaries were dry-

m xed at a wei ght
100 parts by weight of a po%%ner
(4) and 100 parts by wei ght of the

ratio of 1

00 : 5: 2.5.

el ectrol yt

[0199] After

e sol ution

15 m xture of a

positiverghectypde active material and conductive

auxi liaries were kneaded to be made in a paste form
the mxture was applied tp
electrode co? ector having a thickness

urface of

an al um num

foil positive
of IS mata n%ﬁl 200 —The 20 Toftfector was
dried at 150C ) obt alonac positive
e| ectrode shegt GNHEWHCUﬂVHﬁDOp_|Eneperties of
car bonat e contaég ont Ny $ posim$em ‘¢l ect f ode phépmer
was 11.8% by Weightp %@m §§9Hp9ﬁrtﬁ@wroBQFCAeiQEECbrolyte
the positive pf @ f oflei gheel Textudiany €l um num
f pr+—posttiveretectrode—ecoltector—1 026340
<Preparation pf Negative El ¢ctrode Sheet> AfterNgp-self-
parts by wei ght of graphite|(average parti FEPEPEElng film
]Ln¢m@afﬁthQegativ% | ectr pde actd~A3 mater E gélgesggln
k{Reetteolevg@ h 100 pArts by wei ght of..m 5 pol_nﬁ iness i
el ectrolyte splution (4) tolbe nade in a pas ? %9 Ma was
the m xture was applied to one surface of a erved
f pH—negativerelectrode colllector havinga fh-P\nesc
of 18 pmat althickness of 150 m The Self-supporting
film having
. 0.39 slight
Eigﬁaizt;ve 24.8 stickiness in
P 0.13 which exudation
of liguid was
observed
Comparative 0.09 . .
Example 10 16.8 0.01 Brittle film
Comparative Unmeasurable
Example 11 0 Unmeasurable Fowder form
Comparative 0 0.11 Self~suppeorting
Example 12 0.03 film
[0196]

[Example 23}

The present example shows an example of an

electrochemical device of the present invention using a

gel-type polymer electrolyte of the present invention.

Fig.

electrochemical device.

10197]

<Preparation of Polymer Electrolyte Solution

1l is a schematic cross-sectional view of this

(4)>




coll ector was dried at 150C for 2 hours to obtain a
10 negative el ectrode sheet. [0202] The content of

- propyl ene carbonate contained in this negative
el ectrode sheet was 15.4% by wei ght based on the
total weight of the negativegglectrode 15 sheet
excl uding a copper foil negative electrode collector.

[0203]  <Prepatriinpiof! ectraenapl-¢ak PEYRESP,
Pol yner C was press-nol ded at 210C to prepare 20 a

fipon hevopgl ené hegkibesstof ar8 poLyhBESAf wkfewaBarged at a

imrersed in a solution in which the weight ratio of

| itdrigint bosaohotefrad| uoddde (0DBF4hdt ohpr mpykere was

carbonate is 40 : 60. The filmwas | eft standing at

r cota tedpendt stbrfed 24 ha0fs,tambitdio ebyvssedhen and

25 a polyner electrolyte filmincreased in weight by
S4gs@byted on the original weight was obt ai ned.

[0204% The positive el ectrode sheet and the negative

71L0%Y8Lt r ode sheet were | ani nat ed interposing this

POLYTer eELos LYy oLl bt berebgt veen Lo apsentl e or
cruoverty Bvelustlonal Besiselen el pon oy, Jhe,
S Lepre al. doys choues pRatocEn, a0 Bl e ong
10 Chad i Vo A0 A8 9k 8 FBXbAYMt ive auxiliaries were dry-
mixed at a weight ratio of 100 : 5 : Z.5.
[0199]
After 100 parts by weight of a polymer
electrolyte solution (4) and 100 parts by weight of the
15 mixture of a positive electrode active material and
conductive auxiliaries were kneaded to be made in a
paste form, the mixture was applied to one surface of
an aluminum foil positive electrode collector having a
thickness of 15 um at a thickness of 200 pum. The
20 collector was dried at 150°C for 2 hours to obtain a
positive electrode sheet.
[0200]
The content of propylene carbonate contained
in this positive electrode sheet was 11.8% by weight
25 based on the total weight of the positive electrode

sheet excluding an aluminum foil positive electrode

collector.

[0201]




A

10 current of 50 mA and a maxi num vol tage of 4.2 V for
5 hours, the electrochem cal device was discharged to
3.0 V at a constant current of 10 mA. The di scharge
volume was 88.3 mAh. Thereafter, the el ectrochem ca
device was recharged in thesame condition, and the
eval uation 15 of discharge vol une was perforned under
a constaptepsHht £8h 68NdbLheNvehgyactRodiabkgedr>The
results are shown in Table 8. [0206] [Exanple 24] 20
The present grespl sospawesapyewafighe 6F gRaphite (average
el ectrochem cal device of the present invention using
apattisbéi gitygpel polyheasebentgatytre eletheofdeeaentve
invention. Fig. 1 is a schematic cross-sectional view
ofmatesial ect s okheaded| wilthi t60 pBrf62DY] weRgbpapdt Bon
of Positive El ectrode Sheet> A mi xture of a positive

Selrelvymse atecvreolvheesphlitind édhduet beemadsi Lhapi pgste

obtained in the 72 sanme manner as in Exanple 23,
| i §PFTm tihe Sphehise | UeF orPRARRSUF PORYR) BHFdace of a

%%%é?ﬁéﬁfﬁﬁééétai«% Sﬁic'es‘?ﬂﬁsv%?é?fi@%it%‘28115’%'@%3?556\,

' 5 150

T TRt E ek e gt MR i RERL T

{000 Aol f NgLNESPeql 220PSHT Ub AT AUWIUD TGitain
e collTector I 5

positive electro I aving a ckness 0

10 LhdBadhes eafd e rosbeshoblector was dried at 180C for
2

15

[0202]

The content of propylene carbonate contained
in this negative electrode sheet was 15.4% by weight
based on the total weight of the negative electrode
sheet excluding a copper foil negative electrode
collector.

[0203]
<Preparation of Electrochemical Device>

Polymer C was press-molded at 210°C to prepare

20 a film having a thickness of 18 um. This film was

25

immersed in a solution in which the weight ratio of
lithium boron tetrafluoride (LiBF,) to propylene
carbonate is 40 : 60. The film was left standing at
room temperature for 24 hours, and thereby swollen and
a polymer electrolyte film increased in weight by 48.3%
based on the original weight was obtained.

[0204]

The positive electrode sheet and the negative



hours to obtain a positive el ectrode sheet. [0209] The
content of propylene carbonate contained in this
positive el ectrode sheet was 1,000 ppmor |less 15
based on the total weight of the positive el ectrode
sheet excluding an al um num+,0il positive el ectrode
collector. [0210] <Preparation of Negative Electrode

Shegdce 2046 RBLL evé AY eI adenRAEL] Eh@e%?é% indOtRT% 8813mer

negative el ectrode active materi al
bi éi@@@f@iw@r@@maﬂﬁéyéﬁ@wééh%aea{;é@ﬁﬁ@&&@m 2NLi },
propyl ene carbonate and Pol yner A were charged at a
wed Dt t f@adhem Dfa B0dev20e: sBOwn 2R, Fagd the m xture was
25 heated and kneaded at 150C. [0211] This kneaded
prodeed) was extruded into a sheet format a thickness
of 150 gmon a copper foil 73 negative el ectrode

Scol | ectofréopeihy Bvahiugkhessobf Elgctnocipnicalt Beviche
collector was dried at 180C for 2 hours to obtain a
negative el eBt¢oeeabhebion| ob1ohargeThrdcdhseharar
propyl ene, carbonate contained in this negative

el RISl SheRt Waks 19%)%‘6’5B‘Bﬁ?%’i“lF%%sdeBé%dwaﬁnP?ﬁgormed

t al ht h t | ectrod
LS LS o At S O Y e T E R SERr R ol 1 ect o

10 Dedil  SEE £ 8L O Q8 BLRSHS PRI CHLEE! o PeY! §8R i mum

10 current of 50 mA and a maximum voltage of 4.2 V for 5

hours, the electrochemical device was discharged to 3.0

V at a constant current of 10 mA. The discharge volume

was 88.3 mAh. Thereafter, the electrochemical device

was recharged in the same condition, and the evaluation

15 of discharge volume was performed under a constant
current condition shown in Table 8. The results are
shown in Table 8.

[0206]
[Example 24]

20 The present example shows an example of an
electrochemical device of the present invention using
an all solid-type polymer electrolyte of the present
invention. Fig. 1 is a schematic cross-sectional view
of this electrochemical device.

25 [0207]

<Preparation of Positive Electrode Sheet>
A mixture of a positive electrode active

material and conductive auxiliaries obtained in the



Li t hi um bi s(pent af | uor oet hanesul fonyl )i m de
{(CF3CF2SQ2) 2NLi }, propyl ene carbonate and Pol yner A
were charged at a weight ratio of 20 : 30 : 50, and
the 15 mi xture was heated and kneaded at 150C. [0214]
Thi s kneaded product was exg&uded into a sheet form
at a thickness of 20 pmon the surface of the

aboyifs SR £02 POSH Lk ¥ s c580de; 8Regh, and then 20
t he above- prepared negative el ectrode sheet was

| g Habee 4 NEESPPet b AUl hbayE) 86t 88de (QFRLIS BT ,NLL T,
dried at 180C for 2 hours, an el ectrochem cal device

sheowep ¥ Neld goa tb st @ssedbbetymé 02A5her25ckPropar by a
Eval uati on of El ectrochem cal Device> The eval uation
ofwehgtgeranio dbSch@ad ge poopeBli es50f &hidsthe mixture was
el ectrochemni cal device was performed in the sane

S ndmertedsand Exaaped 28. 130 results are 74 shown in
Table 8. [0216] [Conparative Exanple 13] The present
exHtg? %l shows a conparative 5 exanple of an
el ectrochem cal devi ce using ol yet her- hased al

sol i d-type 5%@§%e¥n%?%%@rBF?@gQEFV@$ ¢xFEudedstRbRati c
Cr35 S EhRIRL 1 Mt Sn L Sl 28 gD 6L ¢ SRVRER' rous
ol Bl st n ot H8R5PT: heny B bkES kR INE, 10
10 a9t el Rl FOI M &y, A0RL 0L {LLEoASwBs dried at 180°C for 2
hours to cbtain a positive electrode sheet.
[0209]
The content of propylene carbonate contained
in this positive electrode sheet was 1,000 ppm or less
15 based on the total weight of the positive electrode
sheet excluding an aluminum foil positive electrode
collector.
[0210]
<Preparation of Negative Electrode Sheet>
20 Graphite {(average particle size: 10 um) as a
negative electrode active material, lithium
bis(pentafluocrocethanesulfonyl)imide { (CF3CF230;):N1i},
propylene carbonate and Polymer A were charged at a
weight ratio of 50 : 20 : 30 : 50, and the mixture was
25 heated and kneaded at 150°C.
[0211]

This kneaded product was extruded into a

sheet form at a thickness of 150 pm on a copper foil



sol vent and Polymer D were charged at a weight ratio
of 10 : 100 : 40, and then m xed and stirred to
obtain a 15 solution. [0218] <Preparation of
Positive El ectrode Sheet> A positive el ectrode sheet
was obtained in the sane ner as in Exanple 23
except that the 20 polyner electrolyte solution (5)

Wage disedvand] & ber o4 YEH01 £EFBBT REVE Bg\WaStRRBRABY St BF 18
80C. [ 0219] The content of acetonitrile contained in

this, poséteyec€f ecth@deosheetonasad, 800eaparongbessfor 2
based on 25 the total weight of the positive

el oot r ©deo shieed iexe| negagiaa aleotnodef shkepositive

el ectrode «collector. [0220] 75 <Preparation of

Negd2lxke El ectrode Sheet> A negative el ectrode sheet

was obtained in the same manner as in Exanple 23 .
Sexcept that The coptgherof| peepylene sarbenare(spnkasdned

used and the 5 drying tenperature was changed to 80C

[ 0¥ 140 et Bk %ge%Eé?Q%i?P??E Eéﬁtéiﬁae PRMt Afsless

negati ye el ectrode fheet was é,OOO ggn1or Iesi basege

g

392 VorIHC weP gt BFI9RE AEgREFVRSERELYFoRLESREE
corTagt oy LI0TE Sonir oF SO BTonrblE Serehesr
Devi ce-ddhe. pol yner el ectrolyte solution (5) was

10 [0213]
<Preparation of Electrochemical Device>

Lithium bis(pentafluorocethanesulfonyl)imide
{ (CF3CF2380;)NLi}, propylene carbonate and Polymer A were
charged at a weight ratio of 20 : 30 : 50, and the

15 mixture was heated and kneaded at 150°C.

[0214]

This kneaded product was extruded into a
sheet form at a thickness of 20 pm on the surface of
the above-prepared positive electrode sheet, and then

20 the above-prepared negative electrode sheet was
laminated thereon. After this electrode group was
dried at 180°C for 2 hours, an electrochemical device
shown in Fig. 1 was assembled.

[0215]

25 <Property Evaluation of Electrochemical Device>

The evaluation of charge and discharge
properties of this electrochemical device was performed

in the same manner as in Example 23. The results are
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15
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25

applied onto the surface of the above-prepared

positive 15 electrode sheet, and then dried to forma
coating layer having a thickness of 20 pm [0223] The
positive el ectrode sheet having this coating |ayer

and t he above- prepared negaguve el ectrode 20 sheet

were |lam nated to assenble an el ectrochem cal device
shoy i Ny i Bapile §0224] <Property Eval uation of

El ectrochem cal Device> The evaluation of charge and

di pghpspe 25 properties of this electrochem cal device
was performed in the sane manner as in Exanple 23.

The resitémparetisbopnanpldabBe 8. [0225] 76 [Table

8] Table 8 Discharge condition (mA) and discharge

vol ume ( mMAh) THEOnpr&fert 18Ranpl&xanpke 23c8ipdmibive

80. 9mAh 77. 4mAh Exanpl e 24 81. 3mAh 76. 5mAh 70. 9mAh
Corrprint ¢ vef 1an Jedecbroapenboal geubpkeusdng a polyether-
di schargeabl e _[0226] [ Reference Exanple 4 (Production
ofPatY ekl FFPlid-byproPobympEl hEFtEPA¥ELat eFig.21 is a

|. of 5
E%‘B‘%&?Eﬁr% LHREFORGPIEAYR ] pRbSBhP Ao B 8pahEchRachemical

wq& of sulfuric acid were dissolved in 100 nl of a
evice.,

[0217]
<Preparation of Polymer Electrolyte Solution (5)>

Lithium bis(pentafluoroethanesulfonyl)imide
{ (CF4CF250,) ,NLi} as a electrolyte, acetonitrile as a
solvent and Polymer D were charged at a weight ratio of
10 : 100 : 40, and then mixed and stirred to obtain a
solution.

[0218]
<Preparation of Positive Electrode Sheet>

A positive electrode sheet was cobtained in
the same manner as in Example 23 except that the
polymer electrolyte solution (5) was used and the
drying temperature was changed to B80°C.

[(0219]

The content of acetonitrile contained in this
positive electrode sheet was 1,000 ppm or less based on
the total weight of the positive electrode sheet
excluding an aluminum foil positive electrode
collector.

[0220]



m xed sol vent of nethanol and water containing 18%
water, and this solution was charged into a 200 nl -
vol une stainless steel autoclave purged with nitrogen.
10 Next, 1 ng of 1, 4-benzoquinon was added and the

aut ocl ave was hernetically sed, and then the
content was heated while stirring, and at the tine

poi nt WapRer5 et t DAL I RARSEALHT B168RCRRE 80Cer>
et hyl ene was added wuntil “the inner pressure of the

reactor becogegse§afidd MactSubseddert! yasCapkaAned in
nmonoxi de was added until the inner pressure of the

r eidled of alhe coarse 8. s MPa. EShinpleng3wascepnt tAdedther 4

hours while maintaining the inner tenperature and the

i elypeessleetrolyhe ssotohilohi ¢h) wesensedokndgfththe

content was renoved 20 therefrom 77 [0227] The
Sredeying sehpeirahunaswaashbangiedhtonBffanol, and then

dri ed under reduced pressure to obtain 21.3 g of a

pol 942l It was confirmed from 13C 5 NMR and an

i nfrared absorgtlon spectrumthat this poI&gﬁgﬁgain this

subst anti al | ancaPterha?t veCebpBLyReL e FON
t hyl d b id t tivel
DA ToB Rt Ervay PSSt (apBy o0 oPRE DoLgia, bRepd on
Thi:s_ R ' . gh L.ght
T PALTE L SV D g oLl L
10 (REaduesion ofc é%??efoga]ne EFbStSh¥c£?8d§aggléector.
e npl e 4

operation as in erence Ex was pertorne
exEmgjhat propyl ene was used 15 in place of
et hyl ene in Reference Exanple 4.

<Preparation of Electrochemical Device>
The polymer electrolyte solution (5) was
applied onto the surface of the above-prepared positive
15 electrode sheet, and then dried to form a coating layer
having a thickness of 20 um.
[0223]
The positive electrode sheet having this
coating layer and the above-prepared negative electrode
20 sheet were laminated to assemble an electrochemical
device shown in Fig. 1.
[0224]
<Property Evaluation of Electrochemical Device>
The evaluation of charge and discharge
25 properties of this electrochemical device was performed
in the same manner as in Example 23. The results are
shown in Table 8.

[0225]



[0229] The reaction solution was washed with

nmet hanol, and then dried under reduced pressure to
obtain 18.7 g of a polyner. It was confirmed from 13C
20 NMR and an infrared absorption spectrumthat this
pol ymer was substantially aqeglternative copol ynmer in
whi ch propyl ene and carbon nonoxi de were alternatively
ponnErrgggléhg einafter, referred to as "Polynmer G')
This Polymer G had a wei ght average nol ecul ar wei ght
of 25 47,000. [0230] [BExagpleg25] 60 parts by weight
of I|th|un178 bls(tr|fluoronet%anesulfonyl)inide

CF3S2) Z2ZNLCi Fas _an S [ th
nd di ssol ved|in 40 pgi %@%i&yciﬁal%f%% ﬁp ke
sol ution ha#png—a_—cgnceih4 ~Wel-ght

nerei nafter,{referrtedab to 4s " Solagmnzon B") 100 100mA
-+-s—By—we-ght-—of—t-hi-s—sol 4t on—and-55-—parts—by
ﬂgﬂmpré E@Iynera%AﬂﬁHh char gedgdngmaAn auf ocl avie 4mAh
re—the—fxture—was—heated—anre—stirred—at—1p2oc-+o
ﬁ%ﬁmphetZ&nspar@m 3mkhxn5 soIEGLEmAhlo [0231P0.9mAh

er— 01 S Uy wet ot of |c1\a||ctlly| etredramne as™—
EPIRETERINY agany. wem adddd  tos 1@apar s oy SeNBRE

oluis solution, th mxture was c

o m:>c>m sT—~9 o~
-

t hi ckness of 500 pmon a glass 15 plate. Thereafter,
th # m xture was dried under atnospheric pressure
at or 1 hour to thereby

[Reference Example 4 (Production of Polymer F)]
1.0 pmol of palladium acetate, 1.2 umol of

1, 3-bis{di{2-methoxyphenyl)phosphino}propane and 50
pumol of sulfuric acid were dissolved in 100 ml of a
mixed solvent of methanol and water containing 18%
water, and this solution was charged into a 200 ml-
volume stainless steel autoclave purged with nitrogen.
Next, 1 mg of 1,4-benzoquinon was added and the
autoclave was hermetically closed, and then the content
was heated while stirring, and at the time point when
the inner temperature reached 90°C, ethylene was added
until the inner pressure of the reactor becomes 5.0
MPa. Subsequently, carbon monoxide was added until the
inner pressure of the reactor becomes 8.0 MPa.
Stirring was continued for 4 hours while maintaining
the inner temperature and the inner pressure in this
condition. After cooling, the content was removed

therefrom.



obtain a slightly sticky gel-type polyner electrol yte
inafilmform [0232] 20 The weight ratio of water
to the total of Polynmer F and water determ ned by
1IHNVR neasurenent at this tinme point was 25.3% by

wei ght. Here, the NMWR nmeasurement was performed using
JNM LA400 manufactured by JEOL Ltd. The ionic
copgipres{ vity of this gel-type 25 polyner electrolyte
was measured at 30C and OC in an alternating current

of 1 KHz. Thensesshttighessh@iohNwadabken8d QBR3] 79
[ Exanpl e 26] The sane operation as in Exanple 25 was

pendé o aeoll exaept thént dbbedduytag beducatl BREswase to
changed to 3 hours in Exanple 25. As a result, a 5
substaini 211§ @oof saipkyymek.type pabymenfeékmetir Grptme >C-
ina filmformwas obtained. [0234] The weight ratio

S of NRitand tant hefrared absorPotyenrspeghtumateatwabis
18. 6% by weight at this tinme 10 point. The ionic _
cdﬂﬂhﬁ?@@i??so$u@ﬁ?%nbé@l%ypénpéE?ﬁﬁPatéV@cFPEP}Y@eﬁaén

measured at 30C and OC in an alternating current of
Kl@?l%ee’%%%b??% e SHBART | Rongxkfe 9?-"?02%5?“%1"3%3/’

L R N e
This Polymer F had a weight average molecular weight of
10 75,000.
[0228]
[Reference Example 5 (Production of Polymer G)]

Completely the same operation as in Reference
Example 4 was performed except that propylene was used

15 1in place of ethylene in Reference Example 4.
[0229]

The reaction solution was washed with
methanol, and then dried under reduced pressure to
obtain 18.7 g of a polymer. It was confirmed from *°C-

20 NMR and an infrared absorption spectrum that this
polymer was substantially an alternative copolymer in
which propylene and carbon monoxide were alternatively
polymerized (hereinafter, referred to as "Polymer G"}.
This Polymer G had a weight average molecular weight of

25 47,000.

[0230]
[Example 25]

60 parts by weight of lithium
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changed to 6 hours in Exanple 25. As a result, an

absol utely non-sticky gel-type polyner electrolyte in
a 20 filmformwas obtained. [0236] The weight ratio
of water to the total of Polynmer F and water was 9.2%
by weight at this tine poigt. The ionic conductivity
of this gel-type polynmer 25 é ectrol yte was neasured

2T s Tt bR PRan R A EFORYA PESUET TRh S NTEL SET o
Af& pEceryi $60USa 50! Whb OB B42LNed bRt HEsSBTGedTANGD

as in Exanple 25 was cast to a thickness of 500 mon
a @hess Py abeighbeccagitsel Ubi pakwas doladidAdesving a

at nospheric pressure at 120C for 3 hours. Thereafter,
t heogtesssr pt Ade VAS6PE abedweDghtvaheusidayeersetredkerred
150C and further dried for 10 hours. As a result, an
altosad i Selpeipnl Biver eléttpakysebinwaifhknofotinis
having a water content of 1,000 ppmor |ess deternined
1t HpvRpRaShireaths Riswebohtned. Poloresg] FTHere
ionic conductivity of this all soIid-tyEe pol yner
el RAFHRIt B hasaReastpelaye 30¢ hhRE DEXtHrgnwas heated
alternatjng current of 1 KHz. The results are shown in
155t ot 5o f 095 o 20 Reg o A Vb RN A N THE TORFE
condfctivity of Solution B used in

solution.

[0231]

After 0.1 parts by weight of
hexamethylenediamine as a crosslinking agent was added
to 100 parts by weight of this viscous solution, the
mixture was cast to a thickness of 500 um on a glass
plate. Thereafter, the cast mixture was dried under
atmospheric pressure at 80°C for 1 hour to thereby
obtain a slightly sticky gel-type polymer electrolyte
in a film form.

[0232]

The weight ratio of water to the total of
Polymer F and water determined by 'HNMR measurement at
this time point was 25.3% by weight. Here, the NMR
measurement was performed using JNM-LA400 manufactured
by JEOL Ltd. The ionic conductivity of this gel-type
polymer electrolyte was measured at 30°C and 0°C in an
alternating current of 1 KHz. The results are shown in

Table 9.
[0233]
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Exanpl e 25 was neasured at 30C and OC in an 20
alternating current of 1 KHz. The results are shown in
Table 9. [0240] 81 [Table 9] Table 9 (Wi ght of
lonic solvent)/ conductivity Properties of (Weight of
(mscm 1) polynmer solvent a Upper row. 30C

el ectrolyte high polyner) Lower row. 0C (% by wei ght)

Sel f-su Fd il mhaving 11.4 slight Exanple 25
25.3 stP@ %n%gg %ﬁl 7.9 causing no exudation of

liquid Selfrgupponti BferEX2BR! 8s26n1BxBmBie bil Pas
causing no 5.9 exudation of liquid Self-supporting

7. SefibeauskBgpothixatpked2¢iflg2hdud axudart ona of
liquid Self-supporting
changed to 3 hours in Example 25. As a result, a
substantially non-sticky gel-type polymer electrolyte
in a film form was obtained.
[0234]

The weight ratic of water to the total of
Pelymer F and water was 18.6% by weight at this time
point. The ionic conductivity of this gel-type polymer
electrolyte was measured at 30°C and 0°C in an
alternating current of 1 KHz. The results are shown in
Table 9.

[0235]
[Example 27]

The same operation as in Example 25 was
performed except that the drying hour at B80°C was
changed to 6 hours in Example 25. As a result, an
absolutely non~sticky gel-type polymer electrolyte in a
film form was obtained.

{0236]

The weight ratio of water to the total of
Polymer F and water was 92.2% by weight at this time
point. The ionic conductivity of this gel-type polymer
electrolyte was measured at 30°C and 0°C in an
alternating current of 1 KHz. The results are shown in
Table 9.

[0237]
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Exanple 28 0 5.5 filmcausing no 1.5 exudation of
l'iquid Conparative 52.4 Exanple 14 100 31.3 Liquid
[0241] [Exanple 29] 40 parts by weight of [ithium
boron 5 tetrafluoride (LiBF4) as an electrolyte salt
was mxed wth and dissolvgg in 60 parts by wei ght of
y- butyrol actone to nake a [ ution having a

concent AR = 03 A40% by wei ght (hereinafter, referred
to as "E%FJ&?J% ). 100 parts by weight of this

sol ution andyfPePagt$idOoRy ¥81GP1oR\ cPPAYABH GnWEhE same
charged and the m xture was heated and stirred at

12QGiier obd aim Bzt PAs s 82asyi 5604StROEKhESB. of 500
[0242] After this viscous solution was cast to a
t hire knresss @fa &) a oa, atlge assspl svbutibe vast dsbedt inder
5 was dried under atnospheric pressure at 120C for 2
hourmeesptee bl ¢ e ssune gat - 1YPY polynerhaleet r dThyeeeafiter,
a filmformhaving slight stickiness was obtained.
[ 02uB]9es vl gfte was i BLatey- bt §ropraeu®ndryert Ret 29
tot al of Po&yner G and y-butyrol actone determ ned by
1 pesk NS TRT SR Tp by R - athS H SEEF WS, an
point. The. ionic conductivjty, of tgis. el - e pol ymer
It ety e bl stedbfo Lkt ot p Ghon PO
AN D9, UL enflnd K21, JHE pERULES18LE 80Ot Req
by !HNMR measurement was obtained.
[0238]

The ionic conductivity of this all solid-type
polymer electrolyte was measured at 30°C and 0°C in an
alternating current of 1 KHz. The results are shown in
Table 9.

[0239]
[Comparative Example 14]

The ionic conductivity of Solution B used in
Example 25 was measured at 30°C and 0°C in an
alternating current of 1 KHz. The results are shown in

Table 9.

[0240]
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15 Tabl e 10.
as in Exanple 29 was

hours in Exanple 29. As a result,

[ 0244]

[ Exanpl e 30] The sane operation

perforned except that the drying
condition was changed 20 to drying at 120C for 3

a substantially

non-sti cky gel -type polyrrer8 electrolyte in a film
form was obt ai ned.

y-butyrptggigong;to the
y-butyrol actone was 18.5% by weight at this tine

poi nt .
pol yner

a

U)Q.)'O'O‘<‘<_":)_"""O(n

[0245] The wei ght

25 t

The ionic conductiyitye0§
el ectrol yte mas neasured at 30C and 0Cin an

otal of Pol yner

rati o of

G and

this gel-type

ternating c
hown i n Tabl g
per ati on as

ne drying co
DI
bn- st i cky ge

4 a—ahkt
DT Was— oDt &

- but yr ol acto

b

hown i n Tabl

Ay .wamn e Tesulr ts 83— are
[ ExanpLen8&] Theisane
%ﬁ wasdhduartfiorined exeepperhaes of
ndgéi Magn&hdnged(m$©m&rylna at 1poCymer
6 hours ip,Ex ﬁﬂp \Ipgerr goulit 308h | absbpatspyyte
(hYPg PO gﬁg; Ié?"é%lf rlbcP‘i/teolcn a film
IICU {UL’-I-IJ O IIIC V,EI UIIL |a %
ne to the total of Polyner G aﬁ@l —supporting
-butyrol actope was 8.49% by| weight at this tlﬁélﬂ_h%ﬂ}ng
The % ni c cgﬁg ctivity of lkhi%s gel-type ° lgss but
I% tyol yt s nmeasured ay_g0C and %%%
ternating current of 1 KHz. The results &aatlon of
e 10. ligquid

Self-supporting
film causing no

Example 26 18.6 exudation of
ligquid
5 Self-supporting
. film causing no
Example 27 9.2 3 exudation of
liquid
- Self-supporting
. film causing no
Example 28 0 1.5 exudation of
liquid
Comparative 2.4 iqui
Example 14 100 31.3 hiquie
[0241]

[Example 29]

40 parts by weight of lithium boron

tetrafluoride

(LiBF,)

as an electrolyte salt was mixed

with and dissolved in 60 parts by weight of y-

butyrolactone to make a solution having a concentration

of 40% by weight

C") .

(hereinafter,

referred to as

"3Solution

100 parts by weight of this sclution and 60 parts

by weight of Polymer G were charged and the mixture was

heated and stirred at 120°C to obtain a transparent




[0248] [Exanple 32] 100 parts by weight of Solution C
obtained in the sane nmanner as in Exanple 29 and 80
parts by weight 20 of Polyner G were charged into an
autocl ave, and the m xture was heated and stirred at
120C to obtain a transparent, vi scous solution. [0249]
After this viscous solution was cast to a 25 thickness

of v 500, PN 951 G 9bass plate, the cast solution was
dri ed under atnospheric pressure at 120C for 1 hour.

Thpgseefter, the glass plate was placed in a vacuum
dryer set at 150C and further dried for 10 84 hours.
As a result,ntivenl thssl vistype polyteon ehecteskyte ian
a filmformhaving a y-butyrol actone content of 1,000
pprhiockhess dbt 200 pedobya IGCAAMR pheasur ehentasassolution
obtai ned. 5 [0250] The ionic conductivity of this al
5soragl-dyped podgneatmbephevigt proasuneastr éd08 BoC 2n
an alternating current of 1 KHz. The result is shown
i POUBEHi e A9. 2 10e50P54] 2] eBhphYEEi DelBRghpréesbrotyée in
ionigc, conductivity of Splution C used in Exanple 29
wets ﬁje]&%u?‘éﬁnal?a‘é%)@aﬁ%ll@’@ti ALARKIRPEEr KAP] HgtéaPF nt
of %% . The results are shown in 15 Table 10.
[ 09
The weight ratic of y-butyrolactone to the
10 total of Polymer G and y-butyrolactone determined by
*CNMR measurement was 28.8% by weight at this time
point. The ionic conductivity of this gel~type polymer
electrolyte was measured at 30°C and 0°C in an
alternating current of 1 KHz. The results are shown in
15 Table 10.
[0244]
[Example 30]
The same operation as in Example 29 was
performed except that the drying condition was changed
20 to drying at 120°C for 3 hours in Example 2%. As a
result, a substantially non-sticky gel-type polymer
electrolyte in a film form was obtained.
[0245]
The weight ratio of y-butyrolactone to the
25 total of Polymer G and y-butyrolactcone was 18.5% by
weight at this time point. The ionic conductivity of

this gel-type polymer electrolyte was measured at 30°C

and 0°C in an alternating current of 1 KHz. The results
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85 [Table 10] Table 10 (Weight of lonic solvent)/
conductivity Properties of (Wight of (nScm 1)

pol ymer solvent and Upper row. 30C el ectrolyte high
pol ynmer) Lower row. OC (o by weight) Self-supporting
filmhaving 3.1 slight Exag% e 29 28.8 stickiness but
2.3 causing no exudation o iquid Self-supporting

Exarp! 8h30h 185 512 B fihm causing no 2.1 exudation of
liqurd Self-supporting 2.1 film causing no Exanple

3l B24¢ll. 7 exudation of [liquid Self-supporting
Exanple 32 0 1.9 filmcausing no 0.9 exudation of

liquid Cosgapbéi ¥e] 3. 4

The same operation as in Example 29 was
perfoimed except that the drying condition was changed
to drying at 120°C for 6 hours in Example 29. As a
result, an absolutely non-sticky gel-type polymer
electrolyte in a film form was obtained.

[0247]

The weight ratio of y-butyrolactone to the
total of Polymer G and y-butyrolactone was 8.4% by
weight at this time point. The ionic conductivity of
this gel-type polymer electrolyte was measured at 30°C
and 0°C in an alternating current of 1 KHz. The results
are shown in Table 10.

[0248]
[Example 32]

100 parts by weight of Solution C obtained in
the same manner as in Example 29 and 80 parts by weight
of Polymer G were charged into an autoclave, and the
mixture was heated and stirred at 120° to obtain a
transparent viscous solutiocn.

[0249]

After this viscous solution was cast to a
thickness of 500 um on a glass plate, the cast solution
was dried under atmospheric pressure at 120°C for 1
hour. Thereafter, the glass plate was placed in a

vacuum dryer set at 150°C and further dried for 10



Liquid Exanple 15 100 2.2 [0253] |[Exanple 33] The
present exanple shows an exanple of an 5

el ectrochem cal device of the present invention using
a gel-type polyner electrolyte of the present
invention. Fig. 1is a sch%qatlc cross-sectional view
of this electrochem cal device. [0254] 10

<Rrepasatign of Bl E“EfaE' geirobytg- §g?gt beli‘ L8)>
Li t hi um boron tetrafl Uoride (Li BF4) opyl e e 86

cagboratel ppd Hel yneilh veER ﬁaaiﬂgdaa*, Buttghdctahé 0
of 40 : 60 60, and the m xture was heated and

st¢mm&ﬁhtemflﬂp@DGOpphtarnlasyldéﬂdﬁm$ﬁbdth9n?%ﬂ@ﬁ65]

5 <Preparation of Positive Electrode Sheet> Li CoQ2

( weasigeepant i whe sbizeinddgm) as a positive el ectrode

active material, and graphite and acetyl ene bl ack as
Scolfiz®] ve auxiliaries were dry- mixed at a wei ght

ratio of 100 : 5 : 2.5. 10 (0256] After 100 parts_by

wei ght of a Pt yheric ererduetyvetyorhit tbhs(8 1aﬁ@lldOtYPe

parts b melght of the mxture of a posjtive

elﬁﬁﬁ VEOhREerYaP BAASUESHdREt PUE atkidhari es

kneaded b 15 f h
AR G A EE L oobnb GUPT aCbitt oA Bl iy AORY™ 7

f ive electrode collector having a thickness
(&%%P é?'a t hi ckness of 200 pm The

10 [0251]
[Comparative Example 15]
The ionic conductivity of Solution C used in
Example 29 was measured at 30°C and 0°C in an
alternating current of 1 KHz. The results are shown in
15 Table 10.

(0252}



‘ coll ector was dried at 150C for 2 hours to obtain a

positive el ectrode sheet. 20 [0257] The content of

. propyl ene carbonate contained in this positive
el ectrode sheet was 11.2% by wei ght based on the
total weight of the positiv%SeIectrode sheet
excluding an alum numfoil positive el ectrode 25
col | ect pfapy1& 025B] <Preparation of Negative El ectrode
Sheet> After 50 parts by weight of graphite (average e
87 particle size: 10 m rag 1@ Aggati ve el ectrode
active material was kneaded with 100 parts by wei ght

of —& potl ymer eu%%gr Ey% spruation (6) to B made Tna
aste form the, 0 XLULE, was appl Tedito onefsurface of

5 copper foll Beg: LV € el ectocmdeiatalvidat of Havpﬁ?taes of
hi ckness of 18, o &kt A bl tknesEnSemiso ggw Thepolymer
ol | ector was! gy edaf yAoPC| ¥BPSR KBHE s 30eC pbt &t ACRrolyte

P

a

t

c

negative el ect (pdgy Sheent | 0ZBVIST TP Th €ont ent  of
propytene—carporate—contarngd—rn—thrsnegatiVv -

e| ectrode sheet was 16.5% by wei ght based Jﬁe£§§su990rtlng
t bt

e
1
p

ptal wei ght pf the negativée el ectrode sheg m having

. _ _ fav.
ding & copper Loil negative ePektrode 1l etk
'?% UZ%U] ZZ?Dr epar at2i80.rE]3 of Electrocheni cal Da\%ﬁzée:%s_ gsngut
pl ymer el ectfolyte solutiop (6) was exudation of

liquid

Self-supporting
film causing no

Example 30 18.5 exudation of
liquid
5 1 Self-supporting
. film causing no
Example 31 .4 exudationq%f
liquid
19 Self-supporting
. film causing no
Example 32 0 0.9 exudation of
liquid
Comparative 100 3.4 Liquid
Example 15 2.2 d
[0253]

[Example 33]
The present example shows an example cof an
5 electrochemical device of the present invention using a
gel-type polymer electrolyte of the present invention.
Fig. 1 is a schematic cross-sectional view of this
electrochemical device.
[0254}
10 <Preparation of Polymer Electrolyte Solution (6)>

Lithium boron tetrafluoride (LiBFy), propylene




applied onto the surface of the above-prepared
positive electrode sheet, and then dried at 100C for
1 hour to 20 forma coating |layer conposed of polymer
el ectrolyte having a thickness of 20 pm [0261] The
positive el ectrode sheet haying this coating |ayer
and t he above-prepared negative el ectrode 25 sheet

wer £ g Pat edq A gﬁzﬁ@fnye@gp ofzhggsgdt smneeig&q@smm

nmounted on a posi e el ectrode and”a negat

el eety@de. gghe G@SUélﬁathéaﬂlﬁ@ﬁ?e"‘@ﬁsphéﬁﬁgd' Bn@ stirred
battery contai ner to assenble an el ectrochemn ca

deyt cCE2@® tsheMtdih R grisleodd22]ut £h operty _
Eval uati on of El ectrochem cal Device> The eval uation

of [€haspe and di scharge 5 properties of this
el ectrochem cal device was perfornmed as follows.
SAfter chargpagatiom cbHnBoantiveuEieattodasthaeivol tage
chargi ng node of a maxi mum current of 50 mA and a
maxi mum vol thiecef wvenadopartimlg ssizgde 5 um) as a
el ectrochem cal device was discharged to 3.0 10 V at a
(xﬁ@ﬁ%ﬁ&V%L@¥%ﬁﬁrQﬁe1@Ch%FeTﬁét§Fséharg@dvéFéﬁbltﬁaénd
95. 3 . ngieafter thﬁ ectrochem cal device
re%%ea%g%ln‘? Hek s2freC ‘d‘FFHSﬁ a%al%ﬁél@%}"’ﬁéﬁ SHY‘
of _dis ge vol ume wa er d_ upder ,a.const ant
cdii® @ a%ﬁ%l??h% %hﬁﬁﬁ $ %a%ﬁ@ 12 E h% ?esults are
10 15; $h ¥ in Table 11. [0263] [Exanple 34] The present
exanpl € shows an exanpl e of an

After 100 parts by weight of a polymer
electrolyte solution (6) and 100 parts by weight of the
mixture of a positive electrode active material and
conductive auxiliaries were kneaded to be made in a

15 paste form, the mixture was applied to one surface of
an aluminum foil positive electrode collector having a
thickness of 15 um at a thickness of 200 pm. The
collector was dried at 150°C for 2 hours to obtain a
positive electrode sheet.

20 [0257]

The content of propylene carbonate contained
in this positive electrode sheet was 11.2% by weight
based on the total weight of the positive electrode
sheet excluding an aluminum foil positive electrcde

25 collector.

[0258]
<Preparation of Negative Electrode Sheet>

After 50 parts by weight of graphite ({average



el ectrochem cal device of the present invention using

20 an all solid-type polyner electrolyte of the

present invention. Fig. 1 is a schenmatic

cross-sectional view of this electrochem cal device.

[0264] <Preparation of Posiyive El ectrode Sheet> 25 A
d

m xture of a positive elect@ e active material and

COpgHCiLye ULl bl %) 0BLaLNREghP1 bR 188 RHRNARE PR
i n”Exanpl e 33, [ithium s _

bid pepi 2f | wes orhbaneguhienyLponbder 5 (S3(E2S6R) Shlk},

89 propyl ene carbonate and Pol yner F were charged at

a paeyiadt ¢pétoref ydO0s6120ion306) B0, banflatibeif %t paete
was heated and kneaded at 150C. [0265] 5 This

knBawed preducktuss wexsrapptlliedt boaonsheekrfhoemdt aa

t hi ckness of 200 mon an alum numfoil positive

S el eeppodef ¢dl | megatihave hgohrotiecknédscobribavpng a

Thereafter, the collector was dried at 180C for 2
hothsCkeobtaf nl & Wosaktivetieknesdecshdel. pmo [ Bheg]
The content of propylene carbonate contained in this
pds? +1 St F ¥ F ofelRedt hal’A, U0 DpRwrs |’ Ch kR A
on the total. wej n& of the positive electrode sheet
e%%?%%?ﬁﬁea%l%?ﬁﬁ? BNt ROFT - positive el ectrode 15

co déggtg. [0267] <Preparation of Negative El ectrode
Sheet’> aphite (average particle size: 10 pm as a

10 negative el el Lodg AChL Ve "BEELL Phne! LLPbYALte contained

15

20

25

in this negative electrode sheet was 16.5% by weight
based on the total weight of the negative electrode
sheet excluding a copper foil negative electrode
collector.
[0260]

<Preparation of Electrochemical Device>

The polymer electrolyte solution (6} was
applied onto the surface of the above-prepared positive
electrode sheet, and then dried at 100°C for 1 hour to
form a coating layer composed of polymer electrolyte
having a thickness of 20 um.

[0261]

The positive electrode sheet having this
coating layer and the above-prepared negative electrode
sheet were laminated, and then each of lead terminals
was mounted on a positive electrode and a negative
electrode. The resulting laminate was placed in a

battery container to assemble an electrochemical device



o -

20 bi s(pent af | uor oet hanesul fonyl )i m de
{(CF3CF2SQ2) 2NLi }, propyl ene carbonate and Pol yner F
were charged at a weight ratio of 50 : 20 : 30 : 50,
and the m xture was heated and kneaded at 150C.
[0268] 25 This kneaded progﬁgt was extruded into a
sheet format a thickness of "150 pmon a copper foi
negﬁé&ﬂeiglgga[oﬁg col ' ector having a thickness of 18
m Thereafter; the collector was dried at 180C for 2
90[phenrs to obtain a negative el ectrode sheet.

[0269] The content of propyl ene carbonate contai ned
in thi s<pegpétve BrethapdensbeetlwasrdclBfiipam oeviiess
5 based on the total weight of the negative el ectrode
sheet excl udlng evebppeiohoof akgagevendl débchdege
collector. [0270] <Preparation of Electrochem ca

5 Davierertitesiohi thidi sipehrathenioel hdawsakf wagl pemtdemed

I(CFBCFZSCE)ZNLi%, propyl ene carbonate and Pol ymer F
wete fehkeged ahlbelierighrotngi bnof gonstgpt- 50, and
the mxtyre was heated and kneaded at 150C. [0271]
1559 S kneXR AP ottt t 29RSCRRFFLABIMPAR 0O asRasdmum

S LA S P LR e
SHe. BT copt 6, DoBel Ly FLEc BB SeEL EBepLAILTLSs.o

roup was

10 189G £ of gogﬂgl%ﬁt &Qrféﬁetéf’cfS%ﬁ?l ?ﬁt\éiafscharge volume

15

20

25

was 95.3 mAh. Thereafter, the electrochemical device
was recharged in the same condition, and the evaluation
of discharge volume was performed under a constant
current condition shown in Table 12. The results are
shown in Table 11.
[0263]

[Example 34]

The present example shows an example of an
electrochemical device of the present invention using
an all solid-type polymer electrolyte of the present
invention. Fig. 1 is a schematic cross-sectional view
of this electrochemical device.

{0264]
<Preparation of Positive Electrode Sheet>

A mixture of a positive electrode active
material and conductive auxiliaries obtained in the
same manner as in Example 33, lithium

bis(pentafluoroethanesulfonyl)imide {(CFﬁE}SOQzNLi},



5

10

15

20

25

shown in Fig. 1 was assenbled. [0272] <Property

Eval uation of El ectrochem cal Device> The eval uation
of charge and di scharge 25 properties of this

el ectrochem cal device was perfornmed in the sane
manner as in Exanple 33. Thg%gesults are shown in
Table 11. [0273] 91 [Table T1] Table 11 Di scharge

ig%ﬁ%?&?@nénégrBBQatg'ﬁﬁﬁabgfyﬁﬁkuggwégéﬂbhgg§%d5Q%Aa

89w3ﬂ@ﬂt8§atﬂﬁho§31@0ﬁh 2§b$p§035|5@,1énﬂnﬁhe5m§ﬁﬁbre was
Non- Exanpl e 13 di schargeabl e | NDUSTRI AL

ARRED CABI ahd Yk hO2d4d dbe1potyirer el ectrol yte of the
present 5 invention can be used for non-aqueous

pri®26y] batteries such as a netal |ithiumbattery,
aqueous secondary batteries such as an aqueous ion
battery, nonTagsebusadedcpnddugtbuaseekésudadhiatoaa
l'ithiumion secondary batter non- aqueous el ectric
dotpeert | EgEr @5p@cwb¢§ne§@ ﬁ%b?P@ BApaRi Br 3lymdnum foil
ot her, e|] ectrochem cal devices. . BRI EF DESCRIPTION OE
1}%?%%3&W${?{%%?§Td?|@0139?505 pruangi ewthhgkpess of 15

l%ugltL%grggafter, the collector was dried at 180°C for 2
hours to obtain a positive electrode sheet.
[0266]

The content of propylene carbonate contained
in this positive electrode sheet was 1,000 ppm or less
based on the total weight of the positive electrode
sheet excluding an aluminum fcil positive electrode
collector.

[0267]
<Preparation of Negative Electrode Sheet>

Graphite (average particle size: 10 um) as a
negative electrode active material, lithium
bis(pentafluoroethanesulfonyl)imide { (CF3CF280,) NLi},
propylene carbonate and Polymer F were charged at a
weight ratio of 50 : 20 : 30 : 50, and the mixture was
heated and kneaded at 150°C.

[0268]

This kneaded product was extruded into a
sheet form at a thickness of 150 um on a copper foil
negative electrode collector having a thickness of 18

pm. Thereafter, the collector was dried at 180°C for 2



sectional view show ng an exanple of an

el ectrochem cal 15 device of the present invention.
DESCRI PTI ON OF REFERENCE NUMERALS [0276] 92 1
Positive electrode 2 Negative el ectrode 3 Positive

el ectrode lead termnal 4 @ﬁpative el ectrode | ead
termnal 5 Polynmer electrol’'yte 6 Battery contai ner 93

CLtb M 1eo Aok YA RLESEIGLYLEE-EPPBAEESERBER, POl yNES
material and an electrolyte salt, or a polyner

maf@zé@] , a solvent and an el ectrolyte salt, wherein

66. 7% by weight to 100% by wei ght of the pol yner

materi al is Bheopohysrt of PPoppl8RenobYwofiadd contained

et hyl eni cal | y unsaturated conmpound and 1 to 50 nol % of

carborh wnoxgaiei ve. e Taet poligneheet evtisolly080appor dirndgess

to claiml, wherein a weight ratio of the solvent to
Sa hated of the tgbkvevelohd chethel pasatihueeerlartirede

or nore and less than 33.3% 3. The pol yner

el Be9bl §F el ety df ngOPBeE| BP#d 2nedahéV e AlE0bYEe

wei ght of the polyner material is the copolyner. 4.

Tﬁ?ﬂhﬁ%ﬁﬁﬁ‘electrolyte according to claim1, wherein

thﬁafﬂ@flyner conprises an alternative copolyner of
an-ethyl enically unsaturated conpound and

<Preparation of Electrochemical Device>

10 Lithium bis{pentafluorcethanesulfonyl}imide
{ (CF3CF;802) 2NLi}, propylene carbonate and Polymer F were
charged at a weight ratioc of 20 : 30 : 50, and the
mixture was heated and kneaded at 150°C.

(0271}

15 This kneaded product was extruded into a
sheet form at a thickness of 20 um on the surface of
the above-prepared positive electrode sheet, and then
the above-prepared negative electrode sheet was
laminated thereon. After this electrode group was

20 dried at 180°C for 2 hours, an electrochemical device
shown in Fig. 1 was assembled.

[0272]
<Property Evaluation of Electrochemical Device>
The evaluation of charge and discharge

25 properties of this electrochemical device was performed
in the same manner as in Example 33. The results are
shown in Table 11.

(0273]



car bon nonoxi de. 5. The polymer el ectrolyte according
toclaiml, 3 or 4, wherein the electrolyte is an al
solid-type polyner electrolyte conprising the
alternative copolyner and the electrolyte salt. 6.
The pol yner electrol yte accqﬁQing to any one of
clains 1 to 4, wherein the €lectrolyte is a gel-type
polyner[@£§§érpirte conprising the alternative
copolynmer, the electrolyte salt and the solvent. 7.
The polynmer el ectrolyte gggardiing to any one 94 of
clains 1 to 6, mhereln t he polyner material is a

cfossiinked pprymer (o)
pfoduci ng t he poI ymar %1 c%ta c%r%% g[r;gl ngﬁhg an

onhe of clains nﬂr'

d| ssol ving a polyneaomnterlal conpmhﬁqng 66| 7% byl 00ma

W Laht to 1ﬂﬂ/-.h\/ \Anl ﬂhf nf a conol VXas=Y4 of EO0 tao Q0
Vi1 ull‘- ] A~ 7 L4 ~7

Al A

mot Ramb 1l @n3 2t hyl emEC.aHnlAh ungat ur a2 edmahnpound ars®.BmAh

04 -F

ot

p~-50—-el-Y%-of —earbor—roRex-de—+n—a—soluton-a—which
3)%¢Igvp11\e|@ht to $o3imAh wei ght oB86ahmahect rpl yt &3 &ntAh
i pdissotve nr—a—sotvent: furn"iﬁgthc est Lillg

n

WM Pehn  arhiswzary shape; anemagnovih
otEAI TP 1Y 1% solvent. 9. The process accor %&§4ﬁ§rgeable

claim8, wherein 100% by wei ght of the pol yner
material is the copolynmer. 10. The process according
to claim8, wherein the copolyner conprises an

an§ﬁﬁ§$ V£, CR Y@EﬁrﬂfT§n ethylenically unsat ur at ed
conpoun and carbon nonoxi d
[0274]

The polymer electrolyte of the present
invention can be used for non-aqueous primary batteries
such as a metal lithium battery, agqueous secondary
batteries such as an aqueous ion battery, non-agueous
secondary batteries such as a lithium ion secondary

battery, non-aqueocus electric double layer capacitors,

hybrid capacitors and other electrochemical devices.

BRIEF DESCRIPTION OF THE DRAWING
[0275]

Fig. 1 is a plan view and a longitudinal
sectional view showing an example of an electrochemical

device of the present invention.

DESCRIPTICN OF REFERENCE NUMERALS

[0276]



T

11. An el ectrochem cal device characterized by using
the polyner electrolyte according to any one of
clains 1 to 7.

92
1 Positive electrode
2 Negative electrode
3 Positive electrode lead terminal
4 Negative electrode lead terminal
5 Polymer electrolyte

& Battery container



93

CLAIMS
1. A polymer electrolyte comprising a polymer
material and an electrolyte salt, or a polymer
material, a sclvent and an electroiyte salt, wherein
66.7% by welght to 100% by weight of the polymer
material is a copolymer of 50 to 99 mol% of an
ethylenically unsaturated compound and 1 to 50 mol% of
carbon monoxide.
2. The polymer electrolyte according to claim 1,
wherein a weight ratio of the solvent to a total of the
solvent and the polymer material is 0 or more and less
than 33.3%.
3. The polymer electrolyte according to claim 2,
wherein 100% by weight of the polymer material is the
copolymer.
4. The polymer electrolyte according to claim 1,
wherein the copolymer comprises an alternative
copolymer of an ethylenically unsaturated compound and
carbon monoxide.
5. The polymer electrolyte according to claim 1,
3 or 4, wherein the electrolyte is an all solid-type
polymer electrolyte comprising the alternative
copolymer and the electrolyte salt.
6. The polymer electrolyte according to any one
of claims 1 to 4, wherein the electrolyte is a gel-type
polymer electrolyte comprising the alternative
copolymer, the electrolyte salt and the solvent.

7. The polymer electrolyte according to any one



94
of c¢claims 1 to 6, wherein the polymer material is a
crosslinked polymer material.
8. A process for producing the polymer
electrolyte according to any one of claims 1 to 7,
comprising the steps of: dissolving a polymer material
comprising 66.7% by weight to 100% by weight of a
copolymer of 50 to 99 mol% of an ethylenically
unsaturated compound and 1 to 50 mol% of carbon
monoxide in a solution in which 30% by weight to 90% by
weight of an electrolyte salt is dissolved in a
solvent; forming the resulting mixture into an
arbitrary shape; and removing a part or all of the
sclvent.
9. The process according to claim 8, wherein
100% by weight of the polymer material is the
copolymer.
10. The process according to claim 8, wherein the
copolymer comprises an alternative copolymer of an
ethylenically unsaturated compound and carbon monoxide.
11. An electrochemical device characterized by
using the polymer electrolyte according to any one of

claims 1 to 7.




