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1 DESCRI PTI ON NOVEL PCOLYMER ELECTROLYTE AND
ELECTROCHEM CAL DEVI CE TECHNI CAL FI ELD [0001] The
present invention relates to a highly ion-conducting
pol ymer el ectrolyte containing a polymer 5 nateria
havi ng a ketonic carbonyl group wherein the ratio of
the wei ght of the ketonic c&TbonyI group relative to
the wei ght of the pol yppiscatairqgl is 15 w%to 50
W% It further relates to an el ectrochem cal device

usionge heoPaYEErer Lt eRG L Pr iy t & D 10 MET ROCBBR T EXEChEGREE

liquid | eakage resistance, heat resistance, and
safety. BACKGROUND ART [0002] Wth the w despread use
of portable 15 informati on devices such as | aptop
conputers and cell phones, there is a rapidly grow ng
demand for el ectrochem cal devices such as primry
bAECHENIEAL FI&Edndary batteries, and electric double

| ayer capacitors used as power supplies for the
dé¥P®dd. 20 Especially, such el ectrochenical devices
are required to be made smaller, nmore |ightweight,

and t hi nner TRfdPr&senéxpévedd vy pelrdes @ highly
religble.d The% hav recegtl been finding new

AP SIT ERPFBREING BORYRSS SaEHioay HoC R Tl gcialymer

vehi a I l.ies _for ener storage .in
agg%%%g%ltgggg%gfa k%%%%lc caf%onfl d%%up whéreéin the
ratic of the weight of the ketonic carbonyl group
relative to the weight of the polymer material is 15
wt% to 50 wt%. It further relates to an
electrochemical device using the polymer electrolyte,
which has excellent liquid leakage resistance, heat

resistance, and safety.

BACKGROUND ART
[0002]

With the widespread use of portable
information devices such as laptop computers and
cellphones, there is a rapidly growing demand for
electrochemical devices such as primary batteries,
secondary batteries, and electric double layer
capacitors used as power supplies for the devices.
Especially, such electrochemical devices are required
to be made smaller, more lightweight, and thinner and
are expected to be made more reliable. They have

recently been finding new applications in power
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supplies for portable information devices. Therefore,
they are required to be nmade nuch nore reliable. 5

[ 0003] Generally, electrolytic solutions containing

el ectrolyte salts dissolved in solvents are used in

el ectrochem cal devices. For, this reason, such

sol uti ons nmay cause probleng such as liquid | eakage 10

ks dA6 21 NRGHENUS, £l R LA G SOIAIORS,

mration and ignition. The use of electrolytic
SAUPPIGRS Ifr Ry f@ﬁﬁ%epqm rdduitd ch tH | Wer

reliability of the el ectrochem cal devices. Therefore,

t Bppldl b ) Poheatslad vietk dnimatsiclg dotick 2] eciiatyt@se,

15 instead of electrolytic solutions. Especially,

palhawerareelesiuicted € dree madee mugit omiss noe netkele al

because they can easily be made into thin filns and

all$90¥dve excellent nechanical properties and

pliability. [0004] 20 From such a viewpoint, polyner,

el ect r ol yt eSenanrd bert ladtdid teh@ ershutelgng gront 3 ohghg

tinme. Many proposals have been nade since it was_

r SIGAEPIPGE 1956 EF i F TSRS tiTarS e Hohp & At %5h W

a pol &gth | ene . o id%%ﬁpoly r with a type of gl kal

AR T ks B AT condte ity (TR b T B ed

( - Pa %ﬁf [00Q5] t.e .&x¥: 1

S U e TR L e

¢ ,S‘%L‘}h‘%fh U TR TRINAL Tl Ao L L SRS 1A Mt

ngt&osuc aseyp i L !
inflammation and ignition. The use of electrolytic
solutions is a major factor contributing to low
reliability of the electrochemical devices. Therefore,
the problems can be solved by using sclid electrolytes
instead of electrolytic solutions. Especially, polymer
electrolytes are a very promising material because they
can easily be made into thin films and also have
excellent mechanical properties and pliability.
(0004}

From such a viewpoint, polymer electrolytes
have been studied extensively for a long time. Many
proposals have been made since it was reported for the
first time that the complexation of a poly(ethylene
oxide) polymer with a type of alkali metal salt allows
ion conduction to be exhibited (see Non-Patent Document
1).

[0005]

Patent Document 1 proposes a semisolid gel-



Li C1O4 or LiBF4, and an organic solvent. [0006] 5

Pat ent Docunent 2 proposes an el ectrochem cal

generator using an all-solid-state polymer electrolyte
that is a solid solution of an electrolyte salt in a
pol ymer cont ai ni ng heteroatojns such as oxygen or

ni trogen, and shows pol yner Tmaterials such as 10

p I 007] Pat ent
D?ﬁnﬁ?%%?%%?s%?%%@%ti?@g%ﬁ yéngr el ectrolyte

C YOS RAIHAI 1Y NG AN arfl Ed ity Sadd11li sisal viad

in a mxture of a polyner 15 having a relative

periulidd v \LiHFA indmare cdihraiic sylgasite. sol vent
having a relative permttivity of 10 or nore, and
sHoW &lol ynmer materials neeting these requirenents
such as nitrocellul ose, phenolic resin,

5 pol yvi nyl i déedefritudiaaimendol 3 auropard g ran eelegidr xchemical
chl orosul fonat ed pol yet hyl ene. [0008] Patent Docunent
4 SRS S ing fﬁmrﬁls]mﬁ%llcglsé'ﬁq%lﬂﬂleylﬁf&ft Vﬁ%‘?h@te
metallic lithiumas the anode éhéhégtal
chdidogenide U ROLHIBUE T Y ol Sdr 10 a
el ectrol tes US.II’I sgbld el et(r:trolcﬁy S sucoh as .
ﬁg‘% ST A T B
1yc‘4_J a %taf‘tsgx Vf r}é’zitpé’ﬁlaol dsﬁ.l& 49009] 4
At DoCuTen propo an 1on-conducting
10 S?Jdlq/ (*%‘%‘?M;l%‘?f@‘?ﬁ!fd&” aHﬁ:l %l%za‘?ﬂ'ryéfer material, and
[0007]

Patent Document 3 proposes a gel-state
polymer electrolyte composition containing an
electrolyte salt dissolved in a mixture of a polymer
15 having a relative permittivity of 4 or more and an
organic solvent having a relative permittivity of 10 or
more, and shows polymer materials meeting these
requirements such as nitrocellulose, phenolic resin,
polyvinylidene fluoride, polyacrylonitrile, and
20 chlorosulfonated polyethylene.

[0008]

Patent Document 4 discloses a lithium solid
electrolyte battery using metallic lithium as the anode
and a metal chalcogenide as the cathode, and shows
25 polymer electrolytes using solid electrolytes such as
vinylidene fluoride copolymer, polyvinyl chloride,
polyvinyl acetate, and polyvinylpyrrolidone.

[0009]
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di scl oses that polysiloxane is an excellent pol ynmer
material. 5 [0010] Patent Docunent 6 discloses a
hybrid ionic conductor using an oxyethyl ene
(meta)acrylate polynmer. [0011] In addition, Patent
Docunent 7 discloses an 10 aliphatic epoxy

resi n-based i on-conducting crosslinked resin

conposi ti on,pAnthPaliENimd?0C WMo & Ml S 0SESh Bconduct ing

pol yphosphazene- based pol yner “el ectrol yte. Patent

Das iR S | SRl i@dh s rﬁf@l{%lﬁﬂeﬁ%éﬂ@flal and
conposite consisting of polyal kylene carbonate, a
nmﬁcllﬁﬁlﬂhwq:cﬂrywmmma sid \etex @il et epdl ymer
Docunent 10 discloses a polyner solid electrolyte and
armpdemexrl. solid electrolyte battery using
polyurethane. Pat ent Docunent 11 di scl oses pol yvinyl
al [d8Hd1]- based i on- conducting conposition and t he

l'i ke. 20 [0012] There are two types of poly

material s t HAtea\Re BB o shiseel IS pﬁalfysfi%rrld ionic
el ect o tes as nentione bove: aI I -soI |§2]B?tat e
%}W{éﬁ’: e 45A9Y 1385 ORNRANHI ST (ot 3RS T e & iRR L FBRE -
gtrolyte salt 25 and gel -state pol yner
ect lytes fornmed by mxing a solvent with a

I I
Pglygg;ngahgﬁ%%k%rg%1eﬁl sq%QPfl%%ﬁg% vgﬁ(inf %Eﬁsf?n
Spdqqu dgald % c%ﬁ)l gt r%%tsaéoﬁ le-ya@{d{.é@ﬁ{gf A YIES1 inked

have not yet I on Condbctlon
resin composition, and Patent Document 8 discloses a

polyphosphazene-based polymer electrolyte. Patent
Document 9 discloses an ion~-conducting polymer
composite consisting of polyalkylene carbonate, a metal
salt and an organic solvent, and Patent Document 10
discloses a polymer solid electrolyte and a polymer
solid electrolyte battery using polyurethane. Patent
Document 11 discloses polyvinyl alcohol-based ion-
conducting composition and the like.

[0012]

There are two types of polymer materials that
have been proposed for polymer electrolytes as
mentioned above: all-solid-state polymer electrolytes
including a polymer material and an electrolyte salt
and gel-state polymer electrolytes formed by mixing a
solvent with a polymer material and an electrolyte
salt. The following major problem is left unresolved.

[0013]
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Is practically satisfactory. In contrast, gel-state
pol yner electrolytes require the mxing of a large 5
anmount of a solvent for practical ion conduction. So,
these types of polyner electrolytes are only better in
reliability than convention%! el ectrochem cal devices
using liquid electrolytes, and high reliability that

polyner el eqdolyd s, have Lol dpdycbeen exparied to

10 have has not yet been realized. [0014] / r that,

| Rllddigromidted My v BErEd il d Zatd v of od | ddHdiiet Db that
secondary batteries, the application of polyner
eliectpradotiesa 1loy |ddthidmadtarlS SRt ansietyaduat tesl-est aes
proposed (see Patent Docunent 12). This triggered

myredl venetreresliect ilydiess wdgupintey ndre  nel seiotg adfytaeslarge

| eading to the comercialization of |ithiumion
sestvddr wihat tsrliwntusioy meickictle ot yamrduction.  So,
el ectrolytes. As nentioned earlier, however, |arge 20 .
arfo\RfSs P el Mel i Rt 1o ¥ RS afeleskptketter in
pol ymer electrqlytes, leading to failure to, achi eve,

t H@yllrﬁt&ﬁlrté{ i s i‘%‘%}“f%lcﬁtﬁ]yrﬁe]re%ﬁ%%‘%%}%ﬁ&%ﬁ ‘?ew%\‘(ﬂeces
originall.y heen .expected to have. a resuylt., . nost of
AT i Dy P LB o 5 a5 143 et AR L e
2 i_gui clr es,. and J14.thi [

SEsaVhe, SIS RER A S S L Hbectea w0

elieGld Had eshaye FHedErdeSBldg share of the nmarket.
[0015{ 6 To solve t(?s 6?%% em various types of

pqlaoey; material s have since been studied. Patent

After that, in line with the
commercialization of lithium-ion secondary batteries,
the application of polymer electrolytes to lithium-ion
secondary batteries was proposed (see Patent Document
12). This triggered more extensive studies of polymer
electrolytes, leading to the commercialization of
lithium-ion secondary batteries using gel-state polymer
electrolytes. As mentioned earlier, however, large
amounts of solvents are added to these gel-state
polymer electrolytes, leading to failure to achieve the
high reliability that polymer electrclytes have
originally been expected to have. As a result, most of
the lithium-ion secondary battery market involves the
use of liquid electrolytes, and lithium-ion secondary
batteries using gel-state polymer electrolytes have a
very small share of the market.

[0015]



10 S

15

20

25

Docunent 13 proposes an ion-conducting gel-state
pol yner electrolyte consisting of polymer A (1 to 40 5

wt % having a carbonyl group, polyvinylidene fluoride

polymer B (20 to 70 wt%, netal salt C (1 to 50 wt%,
and organic solvent D (20 tq 85 w% . The docunent
shows that preferable exanples of polyner A having a

car bonyl grqtbosqmeoqéwl &5 flop ] & Kk 10

pol yester carbonate, hat ot er exanp es "1 ncl ude

PYNaHede mat@ nARaRy l}ﬂﬁz% ﬁ%d@wé}a%ucﬁ_@pomfa{é@me

However, this system also contains a |arge anount of

amoi@ay A 35 PYrupits eaN thril Ot -Rn NRREiSsAIdd - diede t he
desired ion conduction. 15 [0016] In addition, Patent

Depcunvertr B quopdsgse tdwats i gpalngrerfs perl yowpo 1A/ nglr ssafd 0
aromati ¢ nononers having a functional group that acts
agtiFgniravingardsaaenkledrdun, gidlwolnd-istene Polomide
electrolytes. It discloses 20 that a nononer having a
k@dnme re & by Itgriduptéan a1l v llsdd ds th Ehar e
of npnoners for the co oI nmer . Fbmever aI

cGRS PRGAS ide SAtSENY stchr?r%r‘rﬂ?ﬁ havg & qafyment
23 MO0 FPeks %&?%ﬁ%@@% S aimea it it ik
S'r%%‘gi?l. 4 g pfaé-’%ih&i‘?}&%“ %ﬂﬂlﬁ i ‘”ﬂ 3 i i on
el ec&%%lr ))/étregahq%t?gi%“ E'Zr#?u?g‘iagztelo tglreg{:t .’%34 Use ‘on lyucllen
VIM yailide€d polypeptides, polyurethane, and polyketone.
However, this system also contains a large amount of an
organic solvent and does not necessarily meet the
desired ion conduction.
[0016]
In addition, Patent Document 14 proposes that
polymers or copoclymers of arcmatic monomers having a
functional group that acts as ionic ligands are used
for all-solid-state polymer electrolytes. It discloses
that a monomer having a ketonic carbonyl group can also
be used as an example of monomers for the copolymer.
However, all copolymers derived from this monomer have
a low content of a carbonyl group and low ion
conduction.
[0017]
As mentioned above, all-solid-state polymer

electrolytes have not yet provided practical properties

at present. On the other hand, lithium-ion secondary



10

15

20

25

applications for small consunmer products, and the
devel opnent of polyner electrolytes still has major 5
probl enms at present. [0018] Patent Document 1:

JP- A-54-104541 Patent Docunent 2: JP-A-55-098480

Pat ent Docunent 3: JP-A-57- 1743356 10 Patent Docunent
4: JP-A-58-075779 Patent Document 5: JP-A-59-230058

P%E&@%ﬂ@%%“ﬁgﬂnqggewig%égk(¥%¥¥ﬁérF%ﬁé%ﬂr NHavé
JP- A-60- 248724 at ent Docunment” 8. JP-A-61-254626 15

Pjerit UFRIY pactl-ri62r{BR4 iatwidy Doguned  10:
JP-A-01-197974 Patent Docunent 11: JP-A-01-284508
Patpey1ti daaciaments ok? :smE-1A-dblrsddded6 prdthictd, [R2ocdinend
13: JP-A-11-060870 20 Patent Docunent 14:

J BleAreA0iedt2 652 pdNomeRatesictDorlyners stti1R. Nas \Wa it |,
Pol yner, 14, 589 (1973) DI SCLOSURE OF THE | NVENTI ON
PREBLENBSTE@BRPISEAEVED BY THE | NVENTION 25 [0019] As
menti oned above, it was difficult to use the

cdi¥diftli onal pol ymer el ectrolytes to make ion 8

conducti on Sompat) ble il ol b liay Saperially
applications, ln 1A RIS SRR dd b dy daner
Patent Document 3: JP-A-57-143356
Patent Document 4: JP-A-58-075779
Patent Document 5: JP-A~-59-230058
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
Patent Document 14: JP-A-2006-012652
Non-Patent Document 1l: P. V. Wright, Polymer,

14, 589 (1973)

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0019]
As mentioned above, it was difficult to use

the conventional polymer electrolytes to make ion
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reliability such as hybrid electric vehicles, and
there 5 is a growng need for the reliability that
pol ymer electrolytes originally have. In these |arge
product applications, such products are usually
operated at a high voltage of 100 V or nore, and in
order to realize bipolar el'ectrodes that have the
MndLASRAR Bk 1§ 18CLfAde SITUR U f O i dsel B,
such a high voltage, polyner electrolytes having high
I 8%1 Gliedtinb 19t s HRlvealidddit 1BF edaresisting new
[ 0020] The present invention has been made to sol ve
15 pdiasatirel ens,lantk pradutes aredlirisg) ink-ciat e
pol ynmer el ectrolyte having high ion conductivity
acteile\add lhyty tsheets else dtyiboni dfe leecspeict fuahipolggerand there
material or a gel- state polyner electrolyte having
hiigh a @rosumduatsed thor ddie eveeldiabi titey ddditt ironlofen
solvent in small enough 20 anounts to prevent the
r@éﬁﬁﬁnﬂiﬁﬁe%lﬂihQﬂﬁéiﬁMiﬁ%ﬂe-;NﬁﬂLtHQﬁ?;%%ﬁﬂﬁnPrOdUCt
i nvention provides el ectrochem cal devices havin

t 194

g)@é’éﬁhlé%ﬂtlﬁﬂsputs‘ﬂ%r%&%tﬁ iBe dra g PReTd
USi t | | ectrol yt , [ 002 5 Th .
PSR ITER Ghe W d e P BR e T et & ol ize
Sqlive the QW eIR Ahavs. (TheY fauid fhafeoddie

ved b g & polyier: et e11 al

proolens can be SO Yy usin
hawi et.qni ' Al f
I AP SN AR IR S0 o0 00l

t bR MRl e 10 R W RS i Ahigh ERoMIBAR A0 WitH and
This finding led us to conplete the present invention.
reliability are necessary.
[0020]

The present invention has been made to solve
these problems, and provides an all-sclid-state polymer
electrolyte having high ion conductivity achieved by
the selection of a specific polymer material or a gel-
state polymer electrolyte having high ion conductivity
achieved by the addition of a solvent in small enough
amounts to prevent the reduction of the reliability.
Also, the present invention provides electrochemical
devices having excellent output characteristics and
high reliability by using these polymer electrolytes.
[0021]

The present inventors conducted extensive
studies to solve the problems above. They found that

the problems can be solved by using a polymer material

having a ketonic carbonyl group wherein the ratio of
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MEANS FOR SOLVI NG THE PROBLEMS 5 [0022] In other
words, the polyner electrolytes of the present
invention are characterized in that they contain a
pol ymer material having a ketonic carbonyl group
wherein the ratio of the mekﬁht of the ketonic 10
carbonyl group relative to the wei ght of the pol yner

MRLRS ivAl i gkt & We H R M %a Q023 dFo@dldidion: vd heo

el ectrochem cal devices of the present I'nvention are

Chataacisiigaed i hdiatert et e Aia USiEs LT WO WEBI50 wth.
el ectrolytes of the present invention. ADVANTAGES OF

THRINENHION 024 theqny yams tleqiredentesiofedthicon.
present invention have the advantage of being able to
make ion 20 conduction conpatible with reliability.

In addition, the el ectrochem cal devices of the

pMEEEIR HOR SHLVONG Halke BRBIf#MAaNnt age of havi ng hi gh
reliability and excellent output characteristics.
BESPAMIDE FOR CARRYI NG OUT THE | NVENT]I ON 25 [0025] 10
A detail ed descrgg%lon 0 r esent vention is

g| ven bel ow!T 6 Félalt}ﬁ‘?'ee% eqtr%)]p\fte%%rﬁ’f
‘ﬁ%”“%”ei Sl & polymer meter Al } 'that tne
onifd & bonyl “&rldb% HIHE TS Jcﬂ‘ e Y
‘MﬁéHEafH Jiﬁ%fyﬂéy“ﬂéterlal having a ketonic carbonyl
group wherein the ratio of the weight of the ketonic
carbonyl group relative to the weight of the polymer
material is 15 wt% to 50 wt%.
[0023]
In addition, the electrochemical devices of

the present invention are characterized in that they

use the polymer electrolytes of the present invention.

ADVANTAGES OF THE INVENTION
[0024]

The polymer electrolytes of the present
invention have the advantage of being able to make ion
conduction compatible with reliability. 1In addition,
the electrochemical devices of the present invention
have the advantage of having high reliability and

excellent output characteristics,

BEST MODE FOR CARRYING OQUT THE INVENTION
[0025]
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carbonyl group relative to the weight of the polyner
material is 15 wt%to 50 wt% is used as a pol yner
material. 10 [0027] Here, a ketonic carbonyl group
refers to a carbonyl group where the two atons

adj acent to the carbonyl ggﬁup are carbon atons. It
excludes a carboxyl group d an am de group that

have an oxyGETckS ALMANLA RAJPIAN AP BAdaRen 0

a carbonyl group, respectivel In addition,

ketQRink i6a BeNYi viiPWe1d¥eYy be present in the main
chain of a polyner, and it is preferable that they

arf@opregsent only in side chains, not in the main chain
of the polymer. 20 [0028] Polymer materials having a
ket oni ¢ car lborylof giheufdeenergehaifogdresignaddnt baseshtoion
t he carbonyl group present, and have | ong drawn
atitserthiadn aapo lptmetro sertsintiiade heotiyigera regtterriiad scamribnyl
easi |y 25 phot odegradabl e pol yner materials. For .
edaepice whereAn 3de0ard4® mriopdsedved BHotfdddrandgiianic
resin conposition _containing 0.5 to 10 wt % (as vi nyl

ké@(ﬁﬁé’%ﬂ&@up Grﬁ]{astl)iv@f te f}?yIW%éiltl’tFné?c]%c’fﬁltﬂ ﬁ%ﬂr‘i‘eﬁf
X . . !
CHRGEAIEL iF0d00] ehhe kot /I & BE

tQ%f@ hng that a polyner electrolyte having high
i on conductivity 5 can be obtained when a pol yner
%@qu having a ketonic carbonyl group wherein the

rati o of the weight
Here, a ketonic carbonyl group refers to a

carbonyl group where the two atoms adjacent to the
carbonyl group are carbon atoms. It excludes a
carboxyl group and an amide group that have an oxygen
atom and a nitrogen atom adjacent to a carbonyl group,
respectively. In addition, a ketonic carbonyl group
may be present in the main chain of a polymer, and it
is preferable that they are present only in side
chains, not in the main chain of the polymer.

[0028]

Polymer materials having a ketonic carbonyl
group have photosensitivity based on the carbonyl group
present, and have long drawn attention as
photosensitive polymer materials and easily
photodegradable polymer materials. For example, JP-A-
50-007849 proposes a photodegradable resin composition
containing 0.5 to 10 wt$% (as vinyl ketone monomer

units) of a vinyl ketone copolymer in a polymer
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of the ketonic carbonyl group relative to the wei ght
of the polynmer material is 15 wt%to 50 wt% is used.
[0030] 10 General polymer materials having a ketonic
carbonyl group used in the present invention include
pol ymers of unsaturated nonppers having a ketonic
carbonyl group. Such unsaturated nononers include

unsatdiriahed g GRMMAUNdse SUSh, B PEtdWloMdy) 15
ketone, ethyl "vinyl ketone, n-hexyl vinyl ketone,
phemdejvi nyl ketone, and methyl isopropenyl ketone.
[0031] In addition, such polynmer materials may al so

be copol ynersheofpridiesa monamriomn ddwyd wisathy afiadling
20 nononers. O her unsaturated nononers that are

c duinegtr tae gbd Intee xs edlie cdopdll whee tsa vingd: ddisghunisat wratddetivity
nitrile nmononers such as acrylonitrile and

metanadrey [adrtiaimigde whars & etk ardieaddlc aving a
mononers such as acrylic acid, nethacrylic acid, )
nedediqi i iR romn il SR Whareiraddisraadi i fihydig deeight
and their salts, acrylic ester nmononers and

mth &8sy ket Beiterc ITUR L Tigthyi© gy it ght of
et hyl acryl ate, butyl. .acryl at nethyl thacryl ate,

ettiyl § ¢r )5‘fa'<*§te<er,l’:‘ailndlSlz-Lg H‘S}%r 0 eﬁy‘ftr%?rejtsha%rey at e,
E*fﬁd?ﬁ n nononers such as ethylene, propylene,

1-butede, 1- hexene, 1-octene, and 1-decene, al kenyl

aromat i ¢ MORQIRIS SYRN AR SRS B RN S Wdshic

and p-nethyl styrene, vi'nyl nononers such 5 as vinyl

f QP y lVighduAcalt &n ake \Hrtderthlifvddfsion include

vi nyl i déne 'nononers such as vinylidene chloride and
polymers of unsaturated monomers having a ketonic
carbonyl group. Such unsaturated moncomers include
unsaturated ketone compounds such as methyl vinyl
ketone, ethyl vinyl ketone, n-hexyl vinyl ketone,
phenyl vinyl ketone, and methyl isoprcpenyl ketone.
[0031]

In addition, such polymer materials may also
be copolymers of these monomers and other unsaturated
monomers. Qther unsaturated monomers that are
converted into such copolymers include unsaturated
nitrile monomers such as acrylonitrile and
methacrylonitrile, unsaturated carboxylic acid monomers
such as acrylic acid, methacrylic acid, maleic acid,
itaconic acid, and maleic anhydride and their salts,
acrylic ester monomers and methacrylic ester monomers

such as methyl acrylate, ethyl acrylate, butyl

acrylate, methyl methacrylate, ethyl methacrylate, and
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vinylidene fluoride, and vinyl ether nonomers such as
nmet hyl vinyl ether and ethyl vinyl ether. [0032] 10
In addition, such polyner naterials may al so be graft
copol ynmers of unsaturated nononmers having a ketonic
car bonyl group and ot her po£¥ners. [ 0033] The
preferabl e weight-average nbrecul ar 15 weight of the

PRI Hg@@ k O r OrQWh 2
P Rt A o AR o?%%ﬁlo%gﬁ to é1 000, 000,

ard N el %fx@fp’i}léhé,o 1009, dehel, 00hRhe, [O0RMedd), and

addi tion, the polynmer material having a 20 ketonic

car—kam@énegr GUPeisAad drvridiel pmeseile NI s sthkene, o-
anot her polymer material may be m xed to manufacture a

paleytier] styeetiregl yired d-mesuohl st yoseses, thisnyr atdrondr g hesuch
wei ght of the polyner material having a ketonic
casboriyly lgrfmumarsed vimtlheqatesent andenitrixn ¢isloride,
relative to the whol e weight of the pol ynmer nmateri al

| §irgg igepeomarsme T sarfd Gforad® pHeeridinne eB o wkds aind
nore. . [0035] The ratio of the weight of the ketonic

13 ingddssmn %ﬂ&p&%n@a}%é@mt PolRARamSHT it 2

haV|n a .ket.oni.c carhbony ou u ed |n t he present
o T B A TR G0 S0l yher

?)rzg must be 15 wmt%to 50 vvt% It IS nore
preferably 18 w%to 50 5 wt % and nost preferably 20

W% to 50 W% Sy ;tdiesd, atd 3§Oﬂ)%mmrlql§ ht?ay also

ket oni c carbonf1 group re at|
be graft copolymers of unsaturated monomers having a

ketonic carbonyl group and other polymers.
[0033]

The preferable weight-average molecular
weight of the polymer materials having a ketcnic
carbonyl group used in the present invention is 5,000
to 1,000,000, and more preferably 10,000 to 1,000,000.
[0034]

In addition, the polymer material having a
ketonic carbonyl group used in the present invention
and another polymer material may be mixed to
manufacture a polymer electrolyte. In such a case, the
ratio of the weight of the polymer material having a
ketonic carbonyl group used in the present invention
relative to the whole weight of the polymer material is
45 wt% or more, and more preferably 66.7 wt% or more.
[0035]

The ratio of the weight of the ketonic
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the wei ght of the polyner material is |less than 15

w% only polyner electrolytes having |ow ion
conductivity can be obtained. In contrast, if the

ratio of the 10 wei ght of the ketonic carbonyl group
relative to the weight of #ge pol ynmer materi al

exceeds 50 wt% only britt pol ynmer el ectrol ytes
hd b ARACT SR s A 1+ AHd GDI kY e BT havi
obt al ned. [gOOB(ﬁJ 15 F}referlar[)l e el ects}rnl(ﬁ yte sar]blts usae‘{JIlrlg

I By k& ol Mbcﬁl}ﬂ_ﬁc{&idﬂ e tdeny fer VEANEd O on
i nclude inorganic salts such as Li Cl1O4, LiBF4, LiPF6,

LirBlat ikid ,t ditHeNwedinthtlioAS fhe Qiciapier i fedmiad leInsdae Ibe
as CH3SO3Li and CF3SQ3Li, and sulfonyl imde salts

Such waes 20 (SOF3&ER) 2Nl i g CRIEF2SE@)NL Ly dfd wt® to 50
(CF3S2) (CF3CF2SO2) NLi . [0037] Al kali netal salts

otwidr anidamdsit gulafsralgry HBkam# €0 sHl twtof alkadllie ratio
metal s such as sodi um and 25 potassium can al so be

used the eRiidhii efspdd detemitheCadenily gsaup setative to

Cati oni c species such as aliphatic _ quaternary

ARG IERIEE ©OF ithed 22019MAR FRYST IR i1 Mg @A 1 adgd,

a |
PLASIL L0 A sall San also be ysed 44 The tolLe ol

:n?n%f ic?\r'%gt?tba J&\?lge&dggaﬂt%e oi er%acstocrr’oli; gkgeg:%é.{-‘er%treontﬁ@éoﬁéﬂfal
Z%gi%%lgs \ﬂ%{) /oecfh%{ 8%3%1:91& AP h M Br Y TIE AL Ay
weight of the polymer material exceeds 50 wt%, only
brittle polymer electrolytes having poor solubility and
fabricability can be obtained.
[0036]

Preferable electrolyte salts used in the
polymer electrolytes of the present invention include
inorganic salts such as LiCl04, LiB¥4, LiPF6, LiBr,
LiT, LiSCN, and LiAsF6, organic sulfonates such as
CH3S03Li and CF3803Li, and sulfonyl imide salts such as
(CF3502) 2NLi, (CF3CF2S02)2NLi, and
(CF3502) (CF3CF2802)NLi.

[0037]

Alkali metal salts other than Li salts, for
example, salts of alkali metals such as sodium and
potassium, can also be used as cationic species of the
electrolyte salts. Cationic species such as aliphatic

quaternary ammonium salt, imidazeclium salt, pyridinium

salt, and piperidinium salt can alsc be used.
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The formation of a conposite of the polynmer nmateria
and the electrolyte salt nentioned above can provide
a polymer electrolyte. For exanple, the 10 foll ow ng
nmet hods of form ng conposites have been known: 1. A
nmet hod for obtaining a polygFr el ectrol yte by

di ssolving a polymer materi and an electrolyte salt

in a soIvenﬁnﬁpq%g¥y1%i%ﬁ&#mﬁggﬁé1q? e (el A e

then renoving part or sol vent

(mattked mbht idned MRIARI iz takiitd Rthéd RAMMBfeight of

el ectrolyte by first formng a polyner material i'nto a

f ithe @oliher metertilan renyiegnRal iakdvd drd ahie sol ution
20 dissolving an electrolyte salt in a solvent to
swdlelct riodlyltewse ity mesittivinegl pdrdveorid lpereffedablof I hey 90
solvent (nmethod 2). 3. A nethod for obtaining a
poityneande meater gingtfe dap LivelS itrg 7andvtneadi ng a pol yner
material 25 and an electrolyte salt (method 3). 4. A
mé0938 If or obtaining a polyner electrolyte by

di ssolving an electrolyte salt in a |[|iquid nononmer or

prepol yner, TS &RTmé tlipen Op?olayl?é‘qpf@dtf's oft & st Hoder

QINSCLEL IR = T TG MRTONE B [
R R N P

f?%ﬁ&%hﬁﬂg methods of forming composites have been
known:

1. A method for obtaining a polymer
electrolyte by dissolving a polymer material and an
electrolyte salt in a solvent that can dissolve both of
them, and then removing part or the whole of the
solvent {(method 1).

2. A method for obtaining a polymer
electrolyte by first forming a polymer material into a
film or the like, then impregnating it into a solution
dissolving an electrolyte salt in a solvent to swell
followed by removing part or the whole of the solvent
(method 2).

3. A method for obtaining a polymer
electrolyte by melting and kneading a polymer material
and an electrolyte salt (method 3).

4, A method for obtaining a polymer

electrolyte by dissolving an electrolyte salt in a

liquid monomer or prepolymer, which is then polymerized
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nmet hods is given bel ow [0040] Sol vents used for
conposite formation using 10 nethod 1 include water
and/ or nonaqueous sol vents. Such nonagueous sol vents
i nclude cyclic carbonates such as propyl ene

car bonate, ethylene carbonaLg, vi nyl ene carbonat e,
chai n carbonates such as diethyl carbonate, dinethyl

car tjayl methyl carbonate, cyclic 15 esters
sgéﬁq2§h§¥%ﬁfgfolactone, chain esters such as ethyl

agefpatsq and net hyl acetate, ketones such as acetone
and nethyl ethyl ketone, alcohols such as nethano

and et hanol ,1retdey prasEhas dwidantlr of Wetthod of forming
1, 4-di oxane, and 1, 2-di net hoxyet hane, nitriles such as

2@ acaipedittd lof anchdigmeonidatdrd,alamrmesars whedasolyte
di net hyl f or mam de, di net hyl acetam de, N

metaiyd parr de deresctand foudnf odedriesds [10041)4 labaddids on,
as a variation of nethod 1, a 25 solution containing
amegidest.r oAy tde ssrliptdiogs sifv ddvg Fomptssirt eorf caimadiigani ¢
sol vent at high concentration can be used. This

v &Et&ACen 1iss dddErueedsyecial Iy for a high content of
thg k%}onic carbonyl group in the 16 polyner nmateri al
uséd 4% the present invention. [0042] The pol yner

I I f..th ' ' b bt ai ned
by abr 1 Cat IS S SOI] hP? SN T hote

;g%¥¥§% ﬂgH?Q%é%%¥ﬁﬁ&ﬂ%f%ﬂ@Oéfﬂdgkéﬁdgéﬁgxgﬁfvégk5@
Such nonaqueous solvents include cyclic carbonates such
as propylene carbonate, ethylene carbonate, vinylene
carbonate, chain carbonates such as diethyl carbonate,
dimethyl carbonate, ethyl methyl carbonate, cyclic
esters such as y-butyrolactone, chain esters such as
ethyl acetate and methyl acetate, ketones such as
acetone and methyl ethyl ketone, alcohols such as
methancl and ethanol, ethers such as tetrahydrofuran,
1,4-dioxane, and 1,2—dimethdxyethane, nitriles such as
acetonitrile and benzonitrile, amides such as
dimethylformamide, dimethylacetamide, N-
methylpyrrolidone, and sulfolanes.

[0041]

In addition, as a variation of method 1, a
solution containing an electrolyte salt dissolved in
water or an organic solvent at high concentration can

be used. This variation is useful especially for a

high content of the ketonic carbonyl group in the
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extrusion and then renoving part or the whole of the
solvent. In addition, by m xing a cathode active
material or an anode active material into the solution
10 and then fabricating it into a shape |ike sheet
simlarly, followed by renn¥%ng part or the whole of
the solvent el ectrodes for elfectrochem cal devices

usy qune | s rs reseiic idwention
c?r?rlbe obtn%iq'ned. 11%!5{%0%04}%{] H‘Itﬁeeq{reén%\?gf “of patrltcng'r t he
whaloee2gf the sol vent can be controlled by using a hot
plate, an oven, a tenperature-programmabl e heati ng
oven, or thahd igedynldryigigamudittieoonst depenkarerithe
type and anmount 20 of the solvent to be renoved. For
exavgng i arhearc dediddtensest by tiiparatiimg dfhé®dlution
250C and a duration of about 30 mnutes to 10 hours

c e tprigfest &yl ychilve meddpd limtaddiny chape Vddgurahhgterby
may al so be used for drying under reduced pressure.
25 SROGU 4] PHRCYFS s &S R HASE 16t 162 FridsbntoT

i nvention may be used as a pol yner eleﬁtrol te as

i $¥LEVE LRy S FHEE FEIP VA% PR i & %&%'stthe
d. 17 Co Linki, t hods .i | ude .
ORGP “bedi TAPDLSITHRIEYy Mo Teh G e 18 ng
. e 9 4 meal |
AL AU an HABD S A e N H A Sendadilft don

2, ol ; erj aly of ty sl ' t hat
héasntdgg:gﬁ% AATRT RS ale Afndd1e RiRGRNL I eHdan tha

similarly, followed by removing part or the whole of

the solvent electrodes for electrochemical devices
using the polymer electrolyte of the present invention
can be obtained.

[0043]

The removal of part or the whole ¢f the
sclvent can be controlled by using a hot plate, an
oven, a temperature-programmable heating oven, or the
like. Drying conditions depend on the type and amount
of the solvent to be removed. For example, the
conditions of a temperature of 50 to 250°C and a
duration of abcut 30 minutes to 10 hours can preferably
be used. In addition, a vacuum dryer may also be used
for drying under reduced pressure.

[{0044]

The polymer electrolyte of the present

invention may be used as a polymer electrolyte as it is

and may alsc be used after it is crosslinked as needed.
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fabricated into a shape like filmin advance is
inpregnated into a solution of an electrolyte salt

di ssolved in a solvent, and is allowed to swell. Then,
10 the polyner electrolyte of the present invention
can be obtained by rennving7part or the whole of the
solvent. In nmethod 2, the Sane solvent as in nethod 1

Cabnfn l{ﬁ%sé]lirh glsgi e hodd eicﬂilq}tfeg d¥ctron beam

el ectrochem c I ces using the polynmer electrolyte
ofc A& IARBSIORY kel Idheaitd N Gadl 6 rabtrad nedh Yy dRnd s,
and kneading a cathode active nmaterial or an anode
actiawd riead, erdaali cd Intgeridia fady,meyr rHerliate of the
present invention in advance, fabricating the kneaded
pdlo#es] material into a shape |ike sheet, and then

i npregnating the 20 fabricated polyner material into a
sol uti on of Eor asimgstsidleytfomutiali ssoinedidthed 2, the
solvent followed by renoving part or the whole of the

s@lemer Pet4e])1sHoro o diso s1nas Sy gtV i dd atetlfoy been
3, the 25 palyner electrolyte can directly be ,

oFPRATHER IR eIt Fy SEERE Kiieksdifig-® Hgt € et eri al

of, the present, .inventi.on .and el ectralyte salt,,.and

f ABFEERAAE 4 RO K TR ol HareI I G TS & Shape
l'd%%é%%%%d.fﬁ]g' ofygﬂél(ghdeﬁﬁngf) éafég(ﬁ%ﬁ%%kﬂ)ﬁ%fn'

el’ectrochenmcal” devi ces ‘usl ng he "pol ynmer

of 1t I, t-i i ir . i

T RS TR A ANALE G be
Prtentndd Wby iy %aexlte(‘&ﬂ Hnd ersld ;o@r\ﬁq@ solvent.
cat hode active material or an anode active materi al,

aneh tlehdaby, cHd nanddedineateds in method 1 can be
used. In addition, electrodes for electrochemical
devices using the polymer electrcolyte of the present
invention can be obtained by mixing and kneading a
cathode active material or an anode active material
into the polymer material of the present invention in
advance, fabricating the kneaded polymer material into
a shape like sheet, and then impregnating the
fabricated polymer material into a solution of an
electrolyte salt dissolved in a solvent followed by
removing part or the whole of the sclvent.
[0046]

For composite formation using method 3, the
polymer electrolyte can directly be obtained by melting
and kneading the polymer material of the present
invention and an electrolyte salt, and fabricating the

kneaded polymer material into a shape like sheet. In
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pol ymer material into a shape like film [0047] If the
pol ynmer material of the present 10 invention is
obtained froma |iquid nononer, nethod 4 can also be
used. In this case, the polymer electrolyte of the
present invention can be oﬁigined by polynerizing a
m xture of the |iquid nono and an electrolyte salt

as, Jld i éfhz %lseQJ \G:EJH éf ocﬂéfnljéla%x;lc%‘s using

electro for ectro en1ca evices using th

PR 18/nRG! félé@t@:dl_fyﬂ&%@fﬂﬁéfﬁréﬁ&ﬁ;ﬂtlrﬁﬁr@@brp%an
obtalned by m xi ng a cathode active material or an

anddeaqly W miefiindd vt endlRaingnaddina et dqathe

pol ynerizing the mxture in a shape |ike sheet. 20

[ @@48meA hMatsirizdpecd tife thregeoltyniervesdteigdm,olart e of

the present invention is an all-solid-state pol yner

eledstataloltte Spddi,f iaga lay, cdtthadee atholwe swtarnital or an

renmoved in method 1, 2, or 4 above, an all-solid-state

25nssley Pt igee @ niad ,c sl sthary ol gadiiyreerthe kneaded

materi al having a ketonic carbaonyl group wherein the

r &GOS Mt lgHN TS & idharsg diike dérfonyl group

r%l%hi e to the weight of the polynmer material is 15
&%d 150 mﬁ@blg and an electrolyte salt can be

obt ai ned. q{tlo cear 33
an aII-soll Sstate po%ﬁ%ﬁfﬁ Irktroly e ca 5Erec

a?tng’kr% 31 %d lSTh)% ng foom t{%%‘?&or{cﬁf@ n'r&g:hod 4

rying can neasured measur €nment, and

| cabhhe 16N Gyl 0” 1% ttkﬂ% c%ﬂs!é’eﬂ:thé $ohQRf: PPM or

| ess, the whole solvent shall
electrolyte of the present 1nventlon can be obtained by
polymerizing a mixture of the liquid monomer and an
electrolyte salt as well as a solvent if necessary. In
addition, electrodes for electrochemical devices using
the polymer electrolyte of the present invention can be
cbtained by mixing a cathode active material or an
anode active material into that mixture and then
polymerizing the mixture in a shape like sheet.
[0048]

A first aspect of the polymer electrolyte of
the present invention is an all-solid-state polymer
electrolyte. Specifically, if the whole solvent is
removed in method 1, 2, or 4 above, an all-solid-state
polymer electrolyte consisting of a polymer material
having a ketonic carbonyl group wherein the ratio of
the weight of the ketconic carbonyl group relative to

the weight of the polymer material is 15 wt% to 50 wt%
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consi dered to have been renoved. [0049] The
all-solid-state polyner electrolytes of 10 the
present invention are characterized by very high ion
conductivity, and there are sone all-solid-state

pol ymer el ectrol ytes having,jon conductivity.
conparable to that of quu%% el ectrol ytes. The reason

LA eﬂléc't%(gli[;&'ét 1§ Q%ryrﬂ?é' Settd Yt &8, AadGion,

present 15 1 nvention have gh 1on conductivity Is

URC RGN d e tIRATS Hved kel QNlilc- SANRAMH At Yl ymer
contained’in a polyner interacts strongly with ions.

[ @Q%0Q} r1lyte0ldatr Stidte ) WEeloLGid Dl YiTte Uiditht 26E
pol yet hyl ene oxi de pol yners having ether |inkages or
t luder sedpeintmeresadmn iinte dfitee Rirwa riee evark evme ddovnerhy
any of them has nuch | ower ion conductivity than

| NYiR eheaslvesmenityt esidand ithenatonmeadtiagalon [@D5te 25
As mentioned above, the all-solid-state polyner
elsedtviegity ties 310 A0h@nsr egediessydits ohdde S Hotentegthad h be
any liquid electrolyte, but it has high ion
cGrdFdGerady tonkeys ges FEPYS -nonaqueous 20
el%%tr%chenical devi ces such as lithiumprimry

d00&5 es, lithiumion secondary batteries, and

noneUeouS, ShaTLC AAULS LREL AR Wikl oo

g?ﬁﬁ’%ﬁ% g%g*gt%ﬁ)&%;t't@i LAt LS AU AP, R A I8Gh
ion conductivity, and there are some all-solid-state
polymer electrolytes having ion conductivity. comparable
to that of liquid electrolytes. The reason why the
all-solid-state polymer electrolytes of the present
invention have high ion conductivity is unclear, and it
seems that a ketonic carbonyl group contained in a
polymer interacts strongly with ions.
[0050]

All-solid-state polymer electrolytes using
polyethylene oxide polymers having ether linkages or
their copolymers or the like have been known. However,
any of them has much lower ion conductivity than liquid
electrolytes and is not practical.

[0051]

As mentioned above, the all-solid-state
polymer electrolyte of the present invention does not
contain any liquid electrolyte, but it has high ion

conductivity. When it is used in nonagqueous
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2. It is all-solid-state, elimnating the possibility
of liquid | eakage. 3. It contains no flanmble liquid
materials 10 and thereby has no flammbility. 4. It
has excellent pliability and fabricability and

t hereby can be fabricated if o any shape like thin
film 5. If it is used as a bipolar electrode in 15
Wai1 e t3 S8 18 G M BRI 3 ANd ¢ '&n%g%my ve
material are arranged on the front side a backK si de

Ofbat teiHile@Nt 16aHieed-Alon rRSRAEdMEIBat tdied heiiis no
possibility of ionic liquid junctions between the
cachadmcand aneds fier methare thedr adpasiidemnd iack 20
side of the current collector that could occur with

| iecphiidh idlse cthreolfptldowiad edifecttrsachem cal devi ces
having a high electronotive force of a few tens of
volts or nidre dan esdsibiyf shéirgin gfud@uir etha Ja@0BER)is2Res
As nentioned above, an all-solid polynmer electrolyte
of-hefte 336 weRPagIakdEr 310y ttdser afhd isitdsbmleqtmmittasn

can be used _to inprove the reljability, . safety, and

char act er i sti-cs 16f 18 édtl “Satfevicdd@ippting the
PR TEoP T (H b e AdRent i on 1 5 a gol - st at e

POl YT 9 St Ko Aol A e
a@ﬂ@r%ﬂkk%b§055% no flammability.

4. It has excellent pliability and
fabricability and thereby can be fabricated into any
shape like thin film.

5. If it is used as a bipclar electrode in
which a cathode active material and an anode active
material are arranged on the front side and back side
of a current collector, respectively, then there is no
possibility of ionic liquid junctions between the
cathode and anode formed on the front side and back
side cof the current collector that could occur with
liquid electrolytes, and electrochemical devices having
a high electromotive force of a few tens of volts or
more can easily be manufactured.

[0052]

As mentioned above, an all-solid polymer

electrolyte of the polymer electrolytes of the present

invention can be used to improve the reliability,

safety, and characteristics of electrochemical devices
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gel -state polyner electrolyte consisting of a polymer

mat eri al having a ketonic carbonyl group wherein the
ratio of the weight of the ketonic carbonyl group 10
relative to the weight of the polynmer material is 15
w%to 50 wt% an electrolyﬁf salt and a solvent can

be obtained. [0054] In the gel-state pol yner

elgetrglyte of the 15 present invention, the
conposition ratio of the solvent remaining after

parigisad) sol vent renoval and the polynmer material is

adj usted according to the intended use by changing

condi tions fOrsesRIineisgeriowE .t HdOwWMBmed kel edtatd oytad of
the wei ght of the solvent relative to the 20 tota

wesihgghto refs einite isoderdritorancs teheygdoistradre ilegment of  t he
present invention is preferably less than 70 wt %

merle qirmsflertabl y Spess filcad 150 vitfpsantd afosthepreflsrertt yis

l ess than 33.3 wt% [0055] 25 As nentioned above, the
palepediedelige medihmced . o tde dradssify ialvaRRIEntehersolid
an all-solid-state polyner. electrolyte, have a

s i ST PHIGIR S 61 e CHUNET VAP ShidtiVr & Re/grer
oL 3R BANTEY & B Si y il A i ghin che

S%E%%EFf#iﬂf é“%%fdﬁ%y%ﬂy'ﬁﬂéskéél;f%ﬁﬁ%%?éﬂyh ﬁgﬁ%ﬁﬁ,

especia at” I'owTenperature, i er ‘en
“}%ria'tltiv@(bc'ob'tth% LS offef @f SH 1 'zﬁaﬁcrezai'm]ur&ts of 5
t he sol vent than the "convention gel -state pol yner

eheat Q) Wesit S0 reld1aRkididiwt8UER18S and a solvent can be
obtained.
[0054]

In the gel-state polymer electrolyte of the
present invention, the composition ratio of the solvent
remaining after partial solvent removal and the polymer
material is adjusted according to the intended use by
changing conditions for solvent removal. However, the
ratio of the weight of the solvent relative to the
total weight of the solvent and the polymer material of
the present invention is preferably less than 70 wt%,
more preferably less than 50 wt%, and most preferably
less than 33.3 wts.

[0055]

As mentioned above, the polymer electrolytes
of the present invention, even an all-solid-state
polymer electrolyte, have a sufficiently high ion

conductivity. Therefore, even if such a polymer
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l'iquid | eakage resistance is reduced | ess often.

[ 0056] A nore detail ed description of the gel-state
10 polyner electrolyte of the present invention is
given below [0057] In the present invention, an
aqueous gel - state pol yner gbectrolyte obtalned when
the solvent is 15 water alnost conpletely maintains

higgh dran 1680 UG Ixaaote/ fhal 4 heaguenus &lepidol ytic

solution originally has. Therefore such "aqueous
geileHtata el WiRth glsaed raf RS sdAreisefdit kacdusereby
when they are used in aqueous electrochem cal devices
Suals dsmauerlisstion baidmydies 130 and o usmise ed aotd ] Cis
doubl e | ayer capacitors, the output characteristics,

| dw ritérepe rathareedghartaot erti sxhtidyitandittshee ik daimat
decrease and the reliability is greatly inproved.

[ GoBsd]l e Rmanrgddift itde =0 lvamdqudwrs e -aaraen piginaver
el ectrol yte obtai ned when the sol vent i s nonaqueous

al9Pdsts (&0 p R1eME Tl YRGHGS- MRS i P doHdirRI AT S4r as
€ honaquequs electrol tic solutj on(gaf and_23
gﬁ&‘! ‘1@ AR F Sk G e

Tg S%ﬂ such geI stat e pol yner eIectrontes are
e for nonaqueous el ectrocheni cal devices such as

[T Ui um pri gRGY, BRG] % [dddUUB O SEEQHIAJe > state

batterles nonaqueous ayer
C %1ec%§>1%z%9'otf Zt%% Sfﬁleasrer&el r%rer?d‘idan is given
el ectrochrom evi ces

below.

[0057]

In the present invention, an aquecus gel-
state polymer electrolyte obtained when the solvent is
water almost completely maintains high ion conductivity
that the aqueocus electrolytic sclution originally has.
Therefore, such aqueous gel-state polymer electrolytes
are useful because when they are used in aqueous
electrochemical devices such as aqueous ion batteries
and aqueous electric double layer capacitors, the
output characteristics, low temperature
characteristics, and the like do not decrease and the
reliability is greatly improved.

[0058]

In addition, a nonaguecus gel-state polymer
electrolyte obtained when the solvent is nonaqueous
almost completely maintains the ion conductivity that

the nonaqueous electrolytic solution has, and
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[ 0059] As nentioned above, the polynmer material of
the present invention having a ketonic carbonyl group
10 wherein the ratio of the weight of the ketonic
carbonyl group relative to the weight of the polyner
material is 15 w%to 50 mﬁ%ﬁcan be used to provide
pol ynmer el ectrol ytes having high ion conductivity,

a 120,V ard I ] ' S
RN Ay RS, i B OO A el A &

geireSteHor OB geal-atiat@ W yrpendidig 1 ythes are

i ntended use. Here, an electrochem cal device refers

t as@fdavifes Huladisrefs &leaimachamicall plwnarenauch as

i nvol ving ions, and exanples of electrochem ca
davitdesim polinde ye lbedttrardidsy, dtidrhaigen-2rdedaesiary

el ectricity generating devices, display devices, and
sbrdde rdes,ceondIEstis Blagins cfoudllertiaxdreargcitors,
devi ces using the polyner electrolytes of the present

i WEMSEH 1drie esh e a T edd|ow.a D FEHC e hremitoge wL ces -
pl an vi.ew and a |ongitudinal sectional view of an
e%&ﬁﬁ%g(ﬁ the el ectrochem cal 24 devices of the

oS IS L A Sl SISO B o
f t g
T L e

a Rl ey t%leegartclloyto% 13 vfe%fgq{tew PHETRR Bhi @ carbonyl

battery contai ner.
group relative to the weight of the polymer material is
15 wt®% to 50 wt% can be used to provide polymer
electrolytes having high ion conductivity, and can be
used in various electrochemical devices as an all-
solid-state polymer electrolyte or a gel-state polymer
electrolyte depending on the intended use. Here, an
electrochemical device refers to a device that uses
electrochemical phenomena inveolving ions, and examples
of electrochemical devices include electricity storage
devices, electricity generating devices, display
devices, and sensor devices.
[0060]

Examples of electrochemical devices using the
polymer electrolytes of the present invention are shown
below.

[0061]

Fig. 1 shows a plan view and a longitudinal

sectional view of an example of the electrochemical
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[ 0062] Exanpl es of such el ectrochem cal devices
include lithiumprimary batteries with netallic
lithium 10 as the anode and nanganese di oxi de, carbon
fluoride, or the like as the cathode; |ithiumion
secondary batteries with a Q?rbon material, a netal
OXIde a lithiumall oy, he |i ke as the anode and

| iR W %Cfbatll'{ea{;ﬁ:;eéérﬁl"'ﬂm [«ckg| at epy g4 LfLm reference

manganat e, umiron p osphate, or t 1| Ke ‘as

t herrirhadeindi®lfey i€ daHle aaeeﬂemldmwz han
activated carbon as the cathode and the anode;

aGuUeRdS IrTdRiney ifttnbad th A dddHidenldansddinaimaiet al
conposite oxide such as vanadium titanium or iron
ageiffercanedevuatiet ra 4 iarhianmd) lgaahdidnmomaist ateference
conposi te oxide such as cobalt, mnanganese, or iron as
t hemstirhdde. PRAANRIIES 1 008E]y tEhe gk seafie tanantriuidg s 6
expl ai ned belowin 25 nore detail wth Exanples and

L¥e PARINes - [0064] [Reference Exanple 1
(manuf acture of polynmer material 25 A)] First, 15
pépp§2ﬂy wei ght of nethyl vinyl ketone, 0.1 parts by
wei ght of a§%%!5|sobu roni.trile |zation

initiator, Wﬁp\ﬁ%%ﬁﬁ 9§ﬁ%ﬂi9§qra V3R

O 0GP A1 o, L U 4o

PAlY T8l 23RN arld G BIdYd Hioxide, carbon fluoride, or
the like as the cathode; lithium-ion secondary
batteries with a carbon material, a metal oxide, a
lithium alloy, or the like as the anode and lithium
cobaltate, lithium nickelate, lithium manganate,
lithium iron phosphate, or the like as the cathode;
electric double layer capacitors with activated carbon
as the cathcde and the anode; aqueous ion batteries
with a lithium-transition metal composite oxide such as
vanadium, titanium, or iron as the anode and a lithium-

transition metal composite oxide such as cobalt,

manganese, or iron as the cathode.

EXAMPLES
[0063]

The present inventicn is explained below in
more detail with Examples and Comparative Examples.
[0064]

[Reference Example 1 (manufacture of polymer material
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nmononers and sol vent were renoved under reduced
pressure to obtain polynmer material A 10 [0065]
13C-NWR anal ysis showed that the ratio of the weight
of the carbonyl group relative to the overall weight
of this polynmer materi al ma% 40. 0% as shown in Table
1. The wei ght-average nol ec ?ar wei ght of this 15
p%h%ner material A was 92,000. [0066] [ Reference
Exanples 2 to 7 (manufacture of polynmer nmaterials B

to G] The samROPAALHAIS &5 hibiRerEN e dr@M} i1
20 except the use of m xtures of methyl vinyl” ketone
an@tcaed,yloQni tadtes ey iwed dHite JRGE i Jiaddng et dile
Table 1 instead of the use of only nethyl vinyl

k atsoze pedyene rdachictred riiar iGitcai,n el Virtsr peattey iat sveB ght
to G [0067] 25 13C-NMR anal ysis showed that the
cofoltyrirrenenelsar petliyos rhrea ttilve rsatliventofwa e migiaght

of the carbonyl group relative to the overall weight
oft ogied hego paidy redrenwacd vane rsitysish ath 80361 éox. 1Phkours.
wei ght - average 26 nol ecul ar wei ghts of these pol yner
mitféeitaicompletiop, off PR ymgdd 28 e % GRnainAdidoo,
225,000, 245,000, 270,000, and 286, 000, respectjvely.
[ 5668 IS PhghISe e NorGHs TSRIEMAS T &S C\Fﬁl ght

r trle% su F(;arttoS obtalH %rc]:;tl)ymoefr tmr}.t eq:eltar}Ly lA .Of the

[0065]

13C-NMR analysis showed that the ratio of the
weight of the carbonyl group relative to the overall
weight of this polymer material was 40.0% as shown in
Table 1. The weight-average molecular weight of this
polymer material A was 22,000.

{0066]
[Reference Examples 2 to 7 (manufacture of polymer
materials B to G)]

The same operations as in Reference Example 1
except the use of mixtures of methyl vinyl ketone and
acrylonitrile having the mcnomer ratios shown in Table
1 instead of the use of only methyl vinyl ketone were
conducted to obtain peclymer materials B to G.

[0067]

13C-NMR analysis showed that the copolymer
molar ratios and the ratios of the weight of the
carbonyl group relative to the overall weight of the

copolymer were as shown in Table 1. The weight-average



5

10

vi nyl
the group in the
Ref erence Exanple 1 15.0 0 1.0 40.0
Exanple 2 12.0 3.0 0.71 30.7
10.0 5.0 0.55 24.9
(D) Reference

f .
G Rae 940 5

0.43 20.2

Ref er ence

ket one car bonyl

0.

Met hyl vinyl Acrylonitri
ket one pol ynmer polynmer (w%
(A) Refere
(B) Reference Ex
(C Refgrence Exanple 4 8.

(§ [00

B

ein

nce
anple 3
5 6.5

anple 5 6.5 8.5 0.33 15.9

1%1%%%5%171&(@

6’9]C' o

[ Ref er engrl Xavanlee 18 5 mauf acturo of 220 Yory, met=srdc,

H] First, 15 parts by weight of ethyl vinyl
270,000, and 286,000, respectively.
[0068]
[Table 1]
Monomer ra?io Molar ratio Weight ratio
(Parts by weight) of the methyl of the
. carbonyl
Methyl vinyl vinyl ketone group in the
K Acrylonitrile in the
etone polymer
polymer (WES)
Reference
Example 1 15.0 0 1.0 40.0
(A)
Reference
Example 2 iz.0 3.0 0.71 30.7
(B)
Reference
Example 3 10.0 5.0 0.55 24.9
(C)
Reference
Example 4 8.5 6.5 0.43 20.2
(D)
Reference
Example 5 6.5 8.5 0.33 15.9
(E)
Reference
Example 6 6.0 9.0 0.28 13.7
(F)
Reference
Example 7 3.5 11.5 0.14 7.2
(G)
[0069]

[Reference Example 8 (manufacture of polymer material

H) ]

ketone,

as a polymerization initiator,

First,

15 parts by weight of ethyl vinyl
0.1 parts by weight of azobisisobutyronitrile

and 100 parts by weight

of toluene as a polymerization solvent were mixed

together and then polymerized at 80°C for 10 hours.
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10 ketone, 0.1 parts by weight of

azobi si sobutyronitrile as a polynerization initiator,
and 100 parts by weight of toluene as a

pol yneri zation solvent were m xed together and then
pol ynerized at 80C for 10 h urs. 27 After conpletion
of polynerization, the remarning nononers and sol vent

r t nmer
e R b07E) I8 AR BT o R The

I didrdnird R d Wej1ghin ofwdhe M&@W'urﬂi&u&é&l@éd ve to

this polynmer nmaterial was 33.3% as shown in Table 2.
The ashgh +tawage By lseidmmamigidl of. this pol ymer
material Hwas 67,000. 10 [0071] [Reference Exanpl es
9 [@¥ 010 (manufacture of polymer material | and J)]
The sanme operations as in Reference Exanple 8 except
the use of MH3G-NMKs aofalatsind shawdd Kétadnetendratlizo of the
met hyl acrylate or nethyl vinyl ether having the
itde siaherid WP Zdlatiom o thhes el wter

only ethyl vinyl ketone were conducted to obtain

pala;}a%rlarhtwé%ﬁ A% 3 v ﬁhc["ﬂ‘{)ﬁ] T e 36 NR s & s
h d that th t d th
P Ao SO Toh '™ AT 8T | T b 1S (T S A e was
o%ﬁ{ meight of the copolyner were as shown in
T

' The wei ght-average nol ecul ar wei ghts of
tq%%glqolyner materials | and J

[Reference Examples 9 and 10 (manufacture of polymer
material I and J)]

The same operations as in Reference Example 8
except the use of mixtures of ethyl vinyl ketone and
methyl acrylate or methyl vinyl ether having the
monomer ratios shown in Table 2 instead of the use of
only ethyl vinyl ketone were conducted to obtain
polymer materials I to J.

[0072]

13C-NMR analysis showed that the copolymer
molar ratios and the ratios of the weight of the
carbonyl group relative to the overall weight of the
copolymer were as shown in Table 2. The weight-average
molecular weights of these polymer materials I and J

were 145,000 and 43,000, respectively.



25 were 145,000 and 43, 000,
[ Tabl e 2]

Mononmer

rati o Mol ar
(Parts by weight) of the of the

respecti
ratio

Et hyl

vely. 28 |
Wei ght rati
Vi nyl

0073]
0

Met hyl

Met hyl nethyl vinyl carbonyl group ketone acryl ate
vinyl ether ketone in in th% pol ymer the pol yner
(W% Reference Exanple 84%5.0 0 0 1.0 33.3 (H)

Rq grence Exanple 9 12.0 3.0 0 0.78 25.9 (1)
Reference Exanple 10 9.0 0 6.0 0.61 23.1 (J) [0074]
[ Brapnlke23] 5 First, 30 parts by weight of lithium

tetrafl uoroborate (L|BF4) as an electrolyte salt was

M Xed Tt o ant diSeRyedigr 70 parts Mﬁiawk¥d£&b Ofie DGt ratio
but yr ol|act one t(palpcr epanRignt30 W % Sql utdORpe NexXt, the
parts % sbga OryIET TRLELa |Aeaid 1001485400k group
10 weid f'h}d'f Vfwls tart Oanleeﬂ'léc edeangk tinerlihealkegolymer
and st|i r FEEP®t  120EER Ot ain a vi §oouspoiear (Wt %)
ReS&tcabeQn. (00/5] When thifs viscous [sol ution wgs cast
Exbplleaye a 15.0 0 0 1.0 33.3
(H)
Reference
Exanmple 9 12.0 3.0 0 0.78 25.9
(I
Reference
Example 10 9.0 0 6.0 0.61 23.1
(J)
[0074]

[Example 1]

tetrafluoroborate

First,

30 parts by weight of lithium

(LiBF4)

as an electrolyte salt was

mixed into and dissolved in 70 parts by weight of y-

butyrclactone to prepare a 30 wt% solution.

Next,

95

parts by weight of polymer material A and 100 parts by

10

stirred at 120°C to obtain a viscous,

[0075]

weight of this solution were placed and then heated and

clear solution.

When this wviscous solution was cast to¢o have a

thickness of 500 micrometers on a glass plate and then

15

dried at 120°C for 2 hours at normal pressure, a gel-

state polymer electrolyte in film form was obtained.

[0076]

13C-NMR measurement at this time showed that

the ratio of weight of the y-butyrolactone relative to




t hi ckness of 500 microneters on a glass plate and then
15 dried at 120C for 2 hours at normal pressure, a ge
state polyner electrolyte in filmformwas obtai ned.
[0076] 13C-NWR neasurenent at this time showed that
the ratio of weight of the yzbutyrolactone relative to
29 the total weight of polynher material A and the y-
bythir Qlacliong iwag &F SoMyie rThii YR SB35 WiRMBiHe YRS
conducted wth JNM LA400 from JEOL Ltd. The ion
Conayelolbidnend Wi 2 ad watat e Rl WHR rRLGidalate was
5 measured at 30C and 0C at 1 kHz AC. Results are
shkewdudtedladltes INM-QRAT0 frkoramEcgs I2d.0 &randon
Conparative Exanples 1 to 2] The sane operations as
i cobBdamlier it yexde ith ik0 delle sise eofoqdoimerere lreattard laitse Bras
to J instead of the use of polyner material A were

5 cowagetred. atOGPST Thd QBT gt T akHosAGf tResehiponye shown
group in the polynmer material, the weight ratios of
t B®@ géént3- 15 ion conductivity, the conditions of
the polyner electrolytes, and the |ike were as shown
infddlle 3. 30 a) EEEEE 4 >1 4 4] 41 ~ W-H 4-1

| [Ehplgen 455 et el g YL AR ISR e BT 1o
ro bo The same operations as in Example 1 except
10 the use of polymer materials B to J instead of the use
of polymer material A were conducted.
[0078]
The weight ratios of the carbonyl group in
the polymer material, the weight ratios of the solvent,

15 ion conductivity, the conditions of the polymer

electrolytes, and the like were as shown in Table 3.
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OJO rn 0-4” ro404a ON Q_N Q_0~H N

N M o03000aUO0OQInWIn~Mhco~ rt7 MCM

N(NH(NNHM Or4H bO $S440 a r-1 NMIV

Lt) I- Ny HNw (hri -Ha) a) a) a) a) a) a) 4J a)

+J a) a) rn 04 L1 S1 & GL§{2 LL 11 R1-1 RG Er 9

9 EE(aEroa~ ECDro x X X k x x EX EXxX x OEa W

W{WOWOWWWO WO WW u u 31 [0080] [Exanple 9]

First, 40 parts by wei ght of [ithium

bigidabiphleuanonet hanesul fonyl )i m de {(CF3SQ2) 2NLi } as

o First, 40 parts by weight of lithium
bis(trifluoromethanesulfonyl)imide ({(CF3S02)2NLi} as an
electrolyte salt was mixed into and dissolved in 60
parts by weight of propylene carbonate to prepare a 40
wt% solution. Next, 100 parts by weight of this
solution and 75 parts by weight of polymer material J
were placed in an autoclave and then heated and stirred
at 120°C to obtain a viscous, clear sclution.
[0081]

When this viscous solution was cast to have a
thickness of 500 micrometers on a glass plate and then
dried at 150°C for 2 hours at normal pressure, a gel-
state polymer electrolyte in film form was obtained.
[0082]

The ratio of the weight of the propylene
carbonate relative to the total weight of this polymer
material and the propylene carbonate was 27.3 wt%. The
ion conductivity of this gel-state polymer electrolyte
at 30°C and 0°C at 1 kHz AC, the conditions of the
polymer electroclyte, and the like were as shown in
Table 4.

[0083]
[Example 10]
When the same operations as in Example 9

except drying at 150°C for 3 hours were conducted, a

gel-state polymer electrolyte in film form having
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5 electrolyte salt was m xed into and di ssolved in 60
parts by wei ght of propyl ene carbonate to prepare a 40

wt % sol ution. Next, 100 parts by weight of this

solution and 75 parts by weight of polynmer material J
were placed in an autocl ave End t hen heated and
stirred 10 at 120C to obtai% a viscous, clear

SQlid N o [ Q§%|- R4 504 SRS sol ution was cast
to]have ém)Pﬁic ﬁgé of 500 ﬁ?broneters on a gl ass
pliatogggnd then dried at 150C for 2 hours at nor nal

pressure, a gel 15 state polyner electrolyte in film
formwas obtmicnattid (82 helheirgiit @ Oft Heh e v wdnof

the propylene carbonate relative to the total weight
ofcatricsgia ywedrat it ard alheandbttale wariat ene tdarb qaltyener
was 27.3 w% The 20 ion conductivity of this

gelatstrdtad pold) mire glmpylang ecadioB0C arab 0O at Wit kHz The
AC, the conditions of the polyner electrolyte, and

t Aol deadnattd vag s edwrihis  gRabist e e [opigajer xplectrolyte
[ Exanpl.e 10] Wien the same ogperations as in ExanEIe 9
exteptC dr §PAg 0t Aok KiBF AChothe GerdltbpRticPedthg

gel -state pol yner. electro|yte in . filmformhaving 32
SIS ST THSETALNF e BbidihddKe PRI THAPHL 491 of
tﬁ%kﬁﬁ'Qﬂt of the propylene carbonate relative to the

tota eiAelght of this polyner

[0085]
[Example 11]

When the same operations as in Example 9
except drying at 150°C for 6 hours were conducted, a
gel-state polymer electrolyte in film form having no
viscosity was obtained.

[0086]

The ratio of the weight of the propylene
carbonate relative to the total weight of this polymer
material and the propylene carbonate was 7.8 wt%. The
ion conductivity of this gel-state polymer electrolyte
at 30°C and 0°C at 1 kHz AC, the conditions of the
polymer electrolyte, and the like were as shown in
Table 4.

[0087]
[Example 12]

First, 50 parts by weight of lithium

bis(trifluoromethanesulfonyl)imide { (CF3S02)2NLi} as an

electrolyte salt was mixed into and dissolved in 50



10

15

5 material and the propyl ene carbonate was 16.1 w %
The ion conductivity of this gel-state pol yner

el ectrolyte at 30C and 0C at 1 kHz AC, the conditions
of the polyner electrolyte, and the |like were as
shown in Table 4. 10 [0085% [ Exanpl e 11] When the
sane operations as in Exanp 39 except drying at 150C

f%rarﬁ:sh%;{ Zve:’i?';rhf% %(fng%fbﬁﬁ%er?e gc%ﬁ:.lob'osf%e\e/itggl Blare a 50

efectrol i 'm 1“havin : sity was
obfal ned,d;Q086] NHIR " aldP Rfr & PeldinOTof Rehis
propyl ene carbonate relative to tthe total weight of

t iy wRalo®ing "R §d &l WeigyHY QY | RI18 e e 6 A ST
7.8 W™ % ThreI:1 20 igw cosngjl}gtivsgty of tpﬁiims gel -state

pelapeeplelRedt rHel Wre aitfoBAwanthd Gadn hddteAGnd hetirred
conditions of the polyner electrolyte, and the like
warte 129°shawnobnainabl @i4coiB@P8 ¢ ea2’b spExsiphne 12]

First, 50 parts by weight of Iithium

bi [HQBE1f | uor onet hanesul fonyl )i m de [ (CF3SQ2) 2NLi } as

an electrolyte salt was m xed into and dissolved in

50 33 part Sy WEisGiRuSPropharend © faondi@ e a

prepare a 50 wt % salution. Next, 100 parts by wei ght
ORI SSs0Ift (990 BN TGS BY el RS G114 VAT then

maferipl . ere plaged (0 ap autochaye and thenp,,
when the plate was placed in a vacuum dryer set at 150°C
and further dried for 10 hours, an all-solid-state
polymer electrolyte in film form having a propylene
carbonate content of 1000 ppm or less was obtained.
[00829]

The ion conductivity of this all-solid-state

polymer electrolyte at 30°C at 1 kHz AC was measured.

Results are shown in Table 4.



5 at 120C to obtain a viscous, clear solution. [0088]
Thi s viscous solution was cast to have a thickness of
500 microneters on a glass plate and then dried at
150C for 1 hour at normal pressure. Then, 10 when the
pl ate was placed in a vacuupudryer set at 150C and
further dried for 10 hours, an all-solid-state

pol ymer Etecgrglyterim ffimflormpavi ng a propyl ene
carbonatle gont ght ofE 100 pprnfor less was obt ai ned.
[ 0089] 15 i[orE conduckd Bi tig Bf |[this all-solid-state
pol ymer el gc“rclcyg a@%()ﬁé’% c{lé}lgl-lz AC was neasur ed.
Resul ts are shqwr +nS TeRl®er4:.234+1a) -P O w-a 44 -d
44 -r1 44 2vh (%0, 82 O/E a)n(Sr &) 4] H--1+43r143 O W
roaaro rpp fof (8B BSHSE R IB IS4 0 x ™ x 1, -P a)
| -P a) | #ga)|r1s fI0iS §mk @0 ) 3aa )S UOoO
1-1 rA [ GEEWg-%o #cogd [SMOU NI Nr- 0L N
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35
[0091]
[Comparative Example 3]

First, 100 parts by weight of a copolymer of
vinylidene fluoride having a weight-average molecular
weight of 35,000 and hexafluoropropylene (having a
copolymerization ratio of 88:12, hereinafter referring
to as polymer material K), 25 parts by weight of
lithium bis(triflucrcmethanesulfonyl)imide
{ (CF3S02)2NLi} as an electrolyte salt, 120 parts by
weight of propylene carbonate, and 200 parts by weight
cf dimethylformamide were mixed together and dissoclved
at 60°C.

[0092]

When this solution was cast to have a
thickness of 500 micrometers on a glass plate and then
dried at 120°C for 2 hours at normal pressure, a gel-
state polymer electrolyte in £ilm form having strong
adherence was obtained.

[0093]

At this time, the ratio of the weight of the
propylene carbonate relative to the total weight of
polymer material K and the propylene carbonate was 45.3
wt%, and no dimethylformamide remained. The ion
conductivity of this gel-state polymer electrolyte at
30°C and 0°C at 1 kHz AC was measured. Results are
shown in Table 5.

{0094]

[Comparative Example 4]
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0) IHOHL Fi... m1Qrorororo o Mx x xx OHw
www 35 [0091] [Conparative Exanple 3] First, 100
parts by weight of a copolyner of vinylidene fluoride
havi ng a wei ght -average nol ecul ar 5 wei ght of 35,000
and hexaf | uor opr opyl ene (hayéng a copol yneri zation
ratio of 88:12, hereinafter”referring to as polyner

mat eri al K), rt ' : lJd Ri :
bi s(trifl oy, ﬁgﬁegﬁéo\ggﬂle%&tﬁg@s {d(stcgs%gﬁm NG A

arxhpdler @l ¥R et WryvlizQ par tisooy (¥grwei Bbliref were
propyl ene carbonate, and 200 parts by wei ght of
diceribindtieer, maniqde -welat aTipeadmicag eflkert rldtd Ssplfiddth form
at 60C. [0092] When this solution was cast to have a
15atvingk résesaf no0 imicersdnst eras @btaigleass pl ate and
then dried at 120C for 2 hours at nornmal pressure, a
gelo098tlat e pol yner el ectrolyte in filmform having
strong adherence was obtained. [0093] 20 At this

time, the rati ¢hés tH@eneitdin rotichef frpyisdmhit of the
carbonate relative to the total weight of poLqur
MREOPYAEIR SRFOORE S FRliddid S dithdha &k 28 Tghtyah

a%%l@%e%!ggkgyi% r??@n%ﬁﬁﬁ%“%f%%%léqgaééy%onate was 24.8

wt%. The ion conductivity of this gel-state polymer
electrolyte at 30°C and 0°C at 1 kHz AC was measured.
Results are shown in Table 5.

[0096]

{Comparative Example 5]

When the same operations as in Comparative
Example 3 except drying at 150°C for 6 hours were
conducted, a very brittle gel-state polymer electrolyte
in film form was obtained.

[0097]

At this time, the ratio of the weight of the
propylene carbonate relative to the total weight of
polymer material K and the propylene carbonate was 16.8
wt%. The ion conductivity of this gel-state polymer
electrolyte at 30°C and 0°C at 1 kHz AC was measured.
Results are shown in Table 5.

[0098]
[Comparative Example 6]
A solution containing polymer material K

obtained in the same way as in Comparative Example 3
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conductivity of this gel-state polyner electrolyte at
25 30C and 0C at 1 kHz AC was neasured. Results are
shown in Table 5. [0094] [Conparative Exanple 4] 36
When the sane operations as in Conparative Exanple 3
except drying at 150C for 3;hours were conducted, a
gel -state pol yner electroly?e in filmform having

a!a'?RiStaxﬂ%l\éaic%&C?ﬁé}t)é was ohfal nethe &d 0R8RA] AtcHidithess of

tinme, e ratio of the weight of the propylene

C HoRALE Jrltaldy & & thedPtalateigid ofen ptdg@rat 120°C
material K and the propyl ene carbonate was 24.8 w%

THer on reanducit \Hdomadf dridsswgs .- stTten potharertHd plate
electrolyte at 30C and 0C at 1 kHz AC was neasur ed.

Resid tedl aaresl silown viarulabldr yer [096(t [C0Fpansgt ifuegther
Exanpl e 5] When the sane operations as in Conparative
15ireshflcr 3 Geheapts dmd gk 1@t WEBOCHtH i ho Rt vieelxture
conducted, a very brittle gel-state pol yner

eligc pihglbg @owden (Wah fortRvad obt ai ned. [0097] At this
tinme, the ratio of the weight of the 20 propyl ene
cddfitdte relative to the total wei ght of pol yner

mat eri al K det fcit;%eri rrgfy({fﬁTbgro&:\zfrfegx}neatceaf’bvacrsna]té in Wi

6,8
The ion con [ ate polynmer

elmeigr;tﬂ’uq]ey tmﬁ'asatZL(T’)OQ)C p%?rg OQ‘C laetssl, % '%%é“’aisom@t ivity

was unmeasurable.
[0100]
[Comparative Example 7]

First, 100 parts by weight of a polyether
copolymer (having a copolymerization ratio of 73:27,
hereinafter referring to as polymer material L) of
ethylene oxide having a weight-average molecular weight
of 14,000 and 2-(2-methoxyethoxyethyl)glycidyl ether
and 25 parts by weight of lithium
bis(trifluoromethanesulfonyl)imide { (CF3S02)2NLi} as an
electrolyte salt were mixed into and dissolved in 250
parts by weight of acetonitrile.

{0101]

When this solution was cast to have a
thickness of 500 micrometers on a glass plate and then
dried at 80°C for 2 hours at normal pressure,
acetonitrile volatilized completely and an all-solid-
state polymer electrolyte in film form was obtained.

[0102]




Results are shown in Table 5. 25 [0098] [Conparative
Exanpl e 6] A solution containing polynmer material K
obtained in the sane way as in Conparative Exanple 3
37 and an electrolyte salt was cast to have a

t hi ckness of 500 nicronetegi on a glass plate and
then dried at 120C for 2 hours at normal pressure.
Then, when | at I ' . m gry:ef_

at 150C and SGrt Oglr %gng%%e Vta‘gtﬁpldotnr%l}\rlsg%nlio slgjlr fg V\S/Z%te
Og;toqg;ﬂr%% AWetad JTipHg  IRcWahbe oROVEIET 1 Wasz ORt &, Aed.
[ 0099] The content of propyl ene carbonate in this
Mpeladig ceRs RRAQ 1pRMae |sssn and T d @ conductivity
10 was unneasurabl e. [0100] [Conparative Exanple 7]
First, 100 parts by wei ght of a polyether copolyner
(having a copol ynerization ratio of 73:27, 15

herei nafter referring to as polynmer material L) of

et hyl ene oxi de having a wei ght-average nol ecul ar

wei ght of 14,000 and 2-(2-net hoxyet hoxyet hyl ) gl yci dyl
ether and 25 parts by weight of Iithium

bi s(trifluoronethanesul fonyl)imde {(CF3SQ2) 2NLi} as
an 20 electrolyte salt were m xed into and di ssol ved
in 250 parts by weight of acetonitrile. [0101] When
this solution was cast to have a



t hi ckness of 500 microneters on a glass plate and then
25 dried at 80C for 2 hours at nornal pressure,
acetonitrile volatilized conpletely and an all-solid-
state polyner electrolyte in filmformwas obtai ned.
[0102] 38 The ion conducti8Bty of this
all-solid-state polyner electrolyte at 30C and 0C at 1
kHz AC was neasured. Results are shown in Table 5. 39
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[Example 13]

This example is an example of the
electrochemical devices of the present invention using
the gel-state polymer electrolyte of the present
invention. Fig. 1 shows a schematic sectional view of
this electrochemical device.

[0105]
<Preparation of a polymer electrolyte solution>

Polymer electrolyte solution (1)

Lithium tetrafluoroborate (LiBF4), prcpylene
carbonate, and polymer material A were placed at a
weight ratio of 20:80:100 and then heated and stirred
at 120°C to obtain a viscous solution.

[0106]

Polymer electrolyte solution (2)

Lithium tetrafluoroborate (LiBF4), procpylene
carbonate, and polymer material A were placed at a
weight ratio of 40:60:60 and then heated and stirred at
120°C to obtain a solution.

[0107]
<Preparation of a cathode sheet#

LiCo02 (having an average particle size of 35
micrometers) as a cathode active material and graphite
and acetylene black as conducting aids were dry blended
at a weight ratio of 100:5:2.5.

[0108]

Then, 100 parts by weight of polymer
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40 [0104] [Exanple 13] This exanple is an exanpl e of
the electrochem cal devices of the present invention
using 5 the gel-state polyner electrolyte of the
present invention. Fig. 1 shows a schematic sectiona
view of this electrochenic?i devi ce. [0105]
<Preparation of a polyner electrolyte solution> 10

P@I@@%kdﬂy%a'éHDﬂfidﬁﬂdﬂﬂ(ghdﬁwodjﬂéﬂﬂﬁnby weight of the
tetrafl uoroborate (LiBF4), propylene carbonate, and

palikRIrdife il Aty Rlaces alaterial giid rddrddudfing
20: 80: 100 and then heated and stirred at 120C to
olatiaisn wa e SeRiisiceplitiiopastie [ 010f]s Ralgewas then

el ectrolyte solution (2) Lithiumtetrafl uoroborate
(aipBR4ed propdvena tderdiorestse o farkd polyommeateey itad ohe
were placed at a weight ratio of 40:60:60 and then
hedided cénd StSmview cate t €20 thEgdnes ot laimi rars dlQit] grethode
[0107] <Preparation of a cathode sheet> Li Co02

( BRLLSGtRT -av dtdde Yoy tdrdiad Atzd W Cs Lok ¢r BREEEr §P as
a cat hode active material and graphite 25 and
alatAEnE Keddhedss sh&fducting ai ds were dry bl ended
atq%g_ ight ratio of 100:5:2.5. [0108] Then, 100 parts
); Ygéht of pol ymer

The ratio of the weight of propylene
carbonate contained in this cathode sheet relative to
the overall weight of the cathode sheet excluding the
aluminum foil cathode collector was 13.8 wt%.

{0110]
<Preparation of an anode sheet>

First, 100 parts by weight of polymer
electrolyte solution (1) and 50 parts by weight of
graphite (having an average particle size of 10
micrometers) as an anode active material were kneaded
into paste, and this paste was then applied tc have a
thickness of 150 micrometers to one side of an 18-
micrometer-thickness copper foil anode collector. This
was dried at 150°C for 2 hours to obtain an anode sheet.
[0111]

The ratio of the weight of propylene
carbonate contained in this anode sheet relative to the
overall weight of the anode sheet excluding copper foil
anode collector was 17.1 wt%.

[0112]
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41 electrolyte solution (1) and 100 parts by wei ght
of the mxture of the cathode active material and
conducting aids were kneaded into paste. This paste
was then applied to have a thickness of 200

m croneters to one 5 side oi a 15-m croneter-thickness
al um num foil cathode coll %tor. This was dried at

1 r hour s t i t.hod - [ 0109]
T%%gre%%rg%&:‘?)%t ﬁ)zf v%gll geﬁltkétcgdfrrbﬁ:?lopy d;a%e%leéﬁ?g%onat e

cont ai ned i pdiRine Lahhede i Jahatiore (20 Wd¥e applied
overal |l weight "of the cathode sheet excluding the

altymhemsigiflaatdode e Adenidy shizsetl prieputéd [dbcky,
<Preparation of an anode sheet> 15 First, 100 parts by

weitghth ofaspalhenedriedeadt dlo’e fokrufli boufllroadcdrs0a
parts by weight of graphite (having an average
pacEitdng diaae ofhavdngriac rdnistkes)s axf & anokongiis i
mat eri al were kneaded into paste, and this paste was
t H&d 1&dpl i ed to have a 20 thickness of 150 microneters
to one side of an 18- mcroneter-thickness cqpper f Oi

anode col | edih§r cafhiade \ghegl iayiQl9 HHE e Kb dyer
to optain an anodge sheet. Ola]é] The;draetiovof theedto
wéghtt aﬁ)lpé%ylsg)rﬁ?ﬁé) PV e P Y5 13R
anode gﬁeet rel.ati.ve to t.he . o . i f. 'F% 1
anode é%f”%i%ﬁ%ﬁﬁﬁ%fﬁﬁ?ﬁ%@?‘#%sﬁﬂh%ﬁ%%éggﬁffé%ﬁor‘%hs )
17[.0]11\/2{]% [0112]

<Evaluation of characteristics of an electrochemical

device>

The charge and discharge characteristics of

this electrochemical device were evaluated in the

following way. This device was charged for 5 hours in

the constant current and constant voltage charge mode

of a maximum current of 50 mA and a maximum voltage of

4.2 V and then discharged to 3.0 V at a constant

current of 10 mA. The discharge capacity was 72.4 mAh,

After that, the device was recharged under the same
conditions and evaluated for discharge capacity under
the constant current conditions shown in Table 6.
Results are shown in Table 6.
[0115]
[Example 14]

This example is an example of the
electrochemical devices of the present invention using

the all-solid-state polymer electrolyte of the present
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42 <Preparation of an el ectrochem cal device> Polyner
el ectrolyte solution (2) was applied to the surface
of the cathode sheet prepared above, which was then
dried at 100C for 1 hour to forma 5 coating |ayer
having a thickness of 20 niggoneters. [0113] The

cat hode sheet having this coating |ayer and the anode

she %xﬁr eRAr ed-gpovie MR e %%&%&6@16 e ASSEWI & Ay of

electroc emi cal” devi ce as own in Fig. 1. 10 [0114]

<kEgluatii<nt fc Hdraat efdwsitdecs of an el ectrochem cal
devi ce> The charge and di scharge characteristics of

t s 1edject rochem cal device were evaluated in the 15
foll ow ng way. This device was charged for 5 hours in
t kP regrastaanitore urfr entcagticbdeoredtesit> vol t age char ge node
of a maximum current of 50 mA and a maxi num vol t age of
4.2 V and t Femidituteargfed taath@ley antive osiemntal and
current of 10 mA. The di scharge capacity was 72.4 mAh.
2@ ofdust ieata i dshebfevings vids T e ahdss ihE Rl e

condltlons and evaluated for di. schar ge capaC| under
t %M%l ‘%‘-y

-?ﬁfﬁéﬁaa%%@%%' it éeafe S 5%}%%% e
%]VI Cq:I%’ gf ]igdfeelpep Sl)e/arrlr:teerd e\q-':(:t va%kﬁi—gé ggaii]he pr esent
100:20:30:50 and then heated and kneaded at 150°C.
[0117]

This kneaded mixture was extruded into sheet
having a thickness of 200 micrometers on a 15-
micrometer-thickness aluminum foil cathode collector.
After that, this sheet was dried at 180°C for 2 hours to
obtain a cathode sheet.

[0118]

The content of propylene carbonate contained
in this cathode sheet relative to the overall weight of
the cathode sheet excluding the aluminum foil cathode
collector was 1000 ppm or less.

[0119]
<Preparation of an anode sheet>

Graphite (having an average particle size of
10 micrometers) as an anode active material, lithium
bis(pentafluoroethanesulfenyl)imide {(CF3CF2S02)2NLi},
propylene carbonate, and polymer material I were placed

at a weight ratio of 50:20:30:50 and then heated and



43 invention. Fig. 1 shows a schematic sectional view
of this electrochem cal device. [0116] <Preparation
of a cathode sheet> 5 A m xture of a cathode active
mat erial and conducting aids obtained in the same way
as in Exanmple 13, Iithium4
bis(pentafluoroethanesulfonyﬁ)inide

{ (TRF25R) 2Mgek,. propyl ene carbonate, and pol yner

material | were placed at a weight ratio of 10
10Q12%130: 50 and then heated and kneaded at 150C.
[0117] This kneaded m xture was extruded i nto sheet
havi ng a thiTwkinesgfdeDiRtormaeiay sexrwddd-into sheet
m cronet er-thi ckness alum num foil cathode collector.
1SaAfitrey 4 haticlridss sdfeelts Ovasi alramest exts kB0@rd ok 8-2
hours to obtain a cathode sheet. [0118] The content

5 ofmiprmmme tenre- Weirdores e cuper el 1 ianeds scehteoder .
sheet relative to the overall weight of 20 the
c difitede Windot XA wharf s duimhuh 6 1°Ccdode hours to
collector was 1000 ppmor less. [0119] <Preparation
ofobiiR idhdde &Rt Sh§&fphite (having an aver age
paiticle size of 25 10 microneters) as an anode
actdhe material, 1ithium

b S(pent el YOS AR WAL, LSTRSTRSRIaN e

10 Egigfgcgnia%gar?od’@'&mef Ad 1% vk FE R0 AR AN LheTyht of
the anode sheet excluding the copper foil ancde
collector was 1000 ppm or less.

[0122]
<Preparation of an electrochemical device>

15 Lithium bis(pentafluoroethanesulfonyl)imide
{ (CEF3CF2802)2NLi}, propylene carbonate, and polymer
material I were placed at a weight ratio of 20:30:50
and heated and kneaded at 150°C.

[0123]

20 This kneaded mixture was extruded into sheet
having a thickness of 20 micrometers on the surface of
the cathode sheet prepared above, and then overlapped
by the anode sheet prepared above. This group of
electrodes was dried at 180°C for 2 hours and then

25 assembled into the electrochemical device shown in Fig.
1.

[0124]

<Evaluation of characteristics of the electrochemical
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44 kneaded at 150C. [0120] This kneaded mi xture was
extruded into sheet having a thickness of 150

m croneters on an 18 5 mcroneter-thi ckness copper
foil anode collector. After that, this sheet was dried
at 180C for 2 hours to obt?En an anode sheet. [0121]
The content of propylene carbonate contained 10 in

t )i anpde sheet relative to the overall weight of

t he anode sheet excluding the copper foil anode

col lector wasel QG Mg | esfehd L Aha P sti @9 of
of an el ectrochem cal device> 15 Lithium

bit3(ipe i 1afd trayariiangs Wdwind ididleevaluated in the same
{(CF3CF2SQ2) 2NLi }, propyl ene carbonate, and pol yner
mataer iced iln Btaenpileacde’l atResswiEi gjhdre eghawrof irR 0L 86k &06.
and heated and kneaded at 150C. [0123] 20 This

knidblded m xt ure was extruded into sheet having a

thi ckness of 20 microneters on the surface of the
calidvopa wstidate gl SHbove, and then overl apped by

t he anode sheet prepared above. This group of
el ectrodes Vids! xR fgh@ fCRMRR Figu & %r‘ﬂﬂ’ﬂe?} of an
SSHEhie sl et ehenoal de g, STon g,
mé%%éé“ﬁkﬁ?ﬁéﬁ electrolyte. Fig. 1 shows a schematic
sectional view of this electrochemical device.
[0126]
<Preparaticn of polymer electrolyte solution (3)>
Lithium bis (pentafluoroethanesulfonyl)imide
{ (CF3CF2S02)2NLi} as an electrolyte, acetonitrile as a
solvent, and pclymer material L were placed at a weight
ratio of 10:100:40 and then mixed and stirred to obtain
a solution.
[0127]
<Preparation of a cathode sheet>
The same operations as in Example 13 except
the use of polymer electrolyte solution (3) instead of
polymer electrolyte solution (1) and drying at 80°C were
conducted tc obtain a cathode sheet,
[0128]
The content of acetonitrile contained in this
cathode sheet relative to the overall weight of the

cathode sheet excluding the aluminum foil cathode

collector was 1000 ppm or less.
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45 devi ce> The charge and di scharge characteristics
of this electrochem cal device were evaluated in the
same way as in Exanple 13. Results are shown in Table
6. 5 [0125] [Conparative Exanple 8] This exanple is a
Conpar ati ve Exanple of an g%ectrochenical devi ce
using a polyether all-solid-"state pol yner

elfggé' lyte. Fig. 1 shows a schematic 10 secti onal
view of" this el ectrochem cal device. [0126]

<RreRa Atd b Pfo P Blofd egtdalyte solution (3)>
Li t hi um bi s(pent af | uor oet hanesul fonyl )i m de

{ (CF3CF2S2) 1. i damas de el eicdi ol 34 ein abeingplid rid eexsept

15 solvent, and polynmer material L were placed at a
weitghtuse adfi alfynddy G-l ¢ hemlut xed 8hd sisteasd of
to obtain a solution. [0127] <Preparation of a

C aichigaiee 1s hedat ot 1201 Vittee syt dogrer &t )i oared ey indb@ihp @C1yvere
except the use of polyner electrolyte solution (3)

i el tefd folgateEinlattamide eskegtuti on (1) and
dr%ggg)at 80C were conducted to obtain a cathode

sh 0 0128] 25 The content of acetonitrile

contained in this cathode sheet relative to the, . ,
overal | wei gHt® giOMt* c%fterﬂ)%eet%rﬁefe’fﬁeac‘f%?%gn? Sin this

ARl LR SRS e 285 LR0PM P e hE58node
sheet excluding the copper foil anode collector was
1000 ppm or less.

[0131]
<Preparation of an electrochemical device>

Polymer electrolyte solution (3) was applied
to the surface of the cathode sheet prepared above,
which was then dried at 80°C for 2 hours to form a
coating layer having a thickness of 20 micrometers.
[0132]

The cathode sheet having this coating layer
and the anode sheet prepared above were overlapped to
assemble the electrochemical device shown in Fig. 1.
[0133]
<Evaluation of characteristics of the electrochemical
device>

The charge and discharge characteristics of
this electrochemical device were evaluated in the same

way as in Example 13. Results are shown in Table 6.



: 46 [0 129] <Preparation of an anode sheet> The sane
operations as in Exanple 13 except the use of polyner
. el ectrolyte solution (3) instead of 5 polyner
el ectrolyte solution (1) and drying at 80C were
conducted to obtain an anodg sheet. [0130] The
content of acetonitrile cont;ined in this anode sheet
reﬂ tipe to the overall weight of the anode 10 sheet
excl'udi'ng the copper foil anode collector was 1000
ppesid ess. [0131] <Preparation of an
el ectrochem cal devi ce> Pol yner electrolyte sol ution
B wWas apptiedr—i5tu-the burfd g of _th rhode
heet prepar ed abovB,lsc%Rﬁ?fgﬁ 58 %ﬁéﬁ“ér ﬁlé”%?af’lggoc flor
hours to forma coatismhdmayercdradityy a(nAickness |of

D microneters. € ode] sheet ng thils
nfing Inypr Q anﬁéTho % hﬁ 16@

or ExavpillapPed| t 02 . 4eAlenpl Bl tehle| pct r o€ResMaAl

S ONNO—

ST 0 DNINIAE TN Ul U T
cha@@@@hﬂti@l‘i’%cn ac erl

: 3%3 chenh S Hgdw%EE@Q gaple

a

ecﬁié}ﬁﬁféﬂ g:a e ey
S—1 |_/\a Ie r\CDUILD alellUV\?ﬁ'

INDUSTRIAL APPLICABILITY
[0135]

5 The polymer electrolytes of the present
invention can be used for nonaqueous primary batteries
such as metallic lithium batteries, aqueous secondary
batteries such as aqueous ion batteries, nonaqueous
secondary batteries such as lithium-ion secondary

10 batteries, nonaqueous electric double layer capacitors,

hybrid capacitors, and other electrochemical devices.

BRIEF DESCRIPTION OF THE DRAWING
[0136]
Fig. 1 is a plan view and a longitudinal
15 sectional view of an example of the electrochemical

devices of the present invention.

DESCRIPTION OF REFERENCE NUMERALS
[0137]

1 Cathode




[0134] [Table 6] Discharge conditions (m) and

di scharge capacity (mAh) | OmA 50mA 100mA Exanpl e 13
72.4mAh 71. 3mAh 63. 3mAh  Exanpl e 14 70. 1mAh 65. 3mAh
61. OmAh Conparative 11.4mAh 5. 3mAh Undi schar geabl e
Exanpl e 8 I NDUSTRIAL APPLIGABILITY [0135] 5 The

pol yner electrolytes of the present invention can be
usedab@yenonaqueous primary batteries such as
metallic lithiumbatteries, agueous secondary

bat t esir@sdsucl sas raguaeds | on batteries, nonaqueous
secondary batteries such as lithiumion secondary 10
bat t ahicele, leadageeminadl ectric doubl e | ayer
capacitors, hybrid capacitors, and other

ebecPrdgineri edlecdevilyes. BRI EF DESCRI PTI ON OF THE
DRAW NG [0136] Fig. 1 is a plan view and a

| 6ngPetideral consagaeti onal view of an exanple of the
el ectrochem cal devices of the present invention.
DESCRI PTI ON OF REFERENCE NUMERALS [0137] 1 Cathode 48
2 Anode



3 Cathode lead termnal 4 Anode lead termnal 5

Pol ymer electrolyte 5 6 Battery container 49 CLAINMS
1. A polyner electrolyte conprising a pol yner

mat eri al having a ketonic carbonyl group, the ratio of
the wei ght of the ketonic c%?bonyl group relative to
the wei ght of the polynmer maferial being 15 wt%to 50
wt% 2. The polyner electgghyig according to claiml
wherei n the ketonic carbonyl group is present in side
chai ns of the pelymeF dBdefidlyts. cder POl N§es polymer
el ectrolyte according to claiml or claim2 wherein

t hea ot YA rhey 264 ro| yéeonh Sc adta ibdrny 5 oft chaiSt atlee pohyierof
el ectrolyte conprising the polynmer material and an

el gt rvod ydlet saf tthel. kdhen pol gaebory Ecgrohyt eebetovdi hy
toclaiml or claim2 wherein the polyner electrolyte
i sthe gedight a0 Pud ypelyreecraiveyial deapry slhghveheto S0
polymer nmaterial, an electrolyte salt and a sol vent.
5.Wi- el ectrochemi cal device using the pol yner

el ectrolyte according to any one of claing, 1 to 4._ |
2. The polyrmer electrolyte according to claim 1

wherein the ketonic carbonyl group is present in side
chains of the polymer material.

3. The polymer electrolyte according to claim 1
or claim 2 wherein the polymer electrolyte is an all-
solid-state polymer electrolyte comprising the polymer
material and an electrolyte salt.

4. The polymer electrolyte according to claim 1
or claim 2 wherein the polymer electrolyte is a gel-
state polymer electrolyte comprising the polymer
material, an electrolyte salt and a solvent.

5. An electrochemical device using the polymer

electrolyte according to any one of claims 1 to 4.



