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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
having a. ketonic carbonyl group wherein the ratio of
the wei ght of the ketonic carbonyl group relative to
the wei ght of the pol ymeeceapeiion is 15 w%to 50
W% It further relates to an el ectrochem cal device

USIOVET P INABRTETL, B ERGT OF B/ t 2 D 101 RdT ROCHES T €XC ebERDLE
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
baEEBNLEeS]l FSB&EBndary batteries, and electric double
Iiégr capacitors used as power supplies for the

d 8éd. 20 Especially, such el ectrochem cal devices

RO N A
aEahPRaTrsrehe  Bares” Sl aT e BT gimer
e R CReRRATe KRR S o AR e
deyt€8SorTREEeRiGht 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 éomputers 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




they are required to be nmade nmuch nore reliable. 5
[ 0003] GCenerally, electrolytic solutions containing
el ectrolyte salts dissolved in solvents are used in
el ectrochem cal devices. For this reason, such
solutions nay cause probleng such as Iiquid | eakage 10
and, if they are nonaqueous el ectrolytic sol utions,
' QB{:?W@E' eBraRgoirgal tell%tﬂl&e Vs cfe selaget iwed ©
solutions is a imjor factor contributing to | ow
r 8lipphbi bkt Yoof ehbegel etbiragkedincaldddedicteso Huareaf or e,
the problens can be solved by using solid electrolytes
1buppsteadfol ebechbikytingoxolatticonsievisygeci allThgrefore,
pol ymer electrolytes are a very prom sing materi al
bebayserthegquiardedsi bg e dendedhnmm nehine g and
al so have excellent nmechanical properties and

5 pllb@Bslity. [0004] 20 From such a vi ewpoint, polyner
el ectrolytes have been studied extensively for a Iongk
t| nme. Many Ggregedadlys ®destBedy tisdS n% ‘%/%Fstal“ g

Eorted for the first tinge that the %inp exatio

SFWé’thFeﬁélt&xldd@S%Y%n WY eSS pF DrUSH aJr’i‘

<§isc&5ﬁc%§fﬂéﬁﬁvi%8§om§°% DH Gl e R ony
PLARRTSS.S 55 S 98lord orll Ahespoly ey &@Cﬁ@é@@
Ose t acry

Tectr yte

10 Sgbglésli‘fht?éy 'a' %1%n% déo@y’elm&ﬂﬁfﬂ@@&l&@id@@ﬁ
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 solid electrolytes

15 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]

20 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

25 ion conduction to be exhibited (see Non-Patent Document
1).

[0005]

Patent Document 1 proposes a semisolid gel-
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5 Patent Docunent 2 proposes an el ectrochem ca
generator using an all-solid-state polynmer electrolyte
that is a solid solution of an electrolyte salt in a
pol ymer cont ai ni ng heteroatons such as oxygen or
nitrogen, and shows pol yner ;materials such as 10

pol y( et hyl ene oxi de) and poPyanine. [ 0007] Patent

DSEHHE.”%;ogXﬁé?'“’%ﬁ%%.t%ﬂi%é“gﬁh?os%@ wrer electrolyte

COMposi t contai ning ectrolyte salt dissolved
'gozyﬂbfhyiﬁeQBaQIQQgiggra%5eﬁ%ﬁﬂ%bﬂ¥ﬂéﬁéﬁﬂﬁﬂéuch as
pernitti 4

vity of or nore and an organic sol vent
havicnesackehabirve Rekmakt iodgan ief sk vemt .nore, and
shows polynmer materials neeting these requirenments
syohoag nitrocel | ul ose, phenolic resin,
pol yvi nyl i dene fl uoride, polyacrylonitrile, and 20 .
chl or osul f oRattettpdogetreyiterfe prdm@GEs] #PatedmciDoremmical
4 discloses a lithiumsolid electrolyte battery using
mekaklriat olri tisiimey @ tHd wvddel-drmt & aRkAter electrolyte
chal cogeni de as the cathode, and shows 25 pol ner .
eldettr Glsyﬁe§q}§4%@0§dlqld3rbl%%tarrbl%k%t%q}cweasga tin a

vi nyl i dene fluaride copol yner, polyvinyl chloride

DBOTIRF G&@é@&ﬁ@,ﬂ%ﬁ@%‘%ﬂﬁ%ﬁ p§)¥9kbl¥%o?fggfrbo%5] 4

e Sogt S RHEIS L 5 ane

ﬂ'g,fo :ry&%%%i}ég[a“%opfgjliyqsé)l QANGd 5, fxcel | ent pol yrer
[0007]

Patent Document 3 proposes a gel-state
polymer electrolyte composition containing an
electrolyte salt dissolved in a mixture of a polymer
having a relative permittivity of 4 or more and an
organic solvent having a relative permittivify of 10 or
more, and shows polymer materials meeting these
requirements such as nitrocellulose, phenolic resin,
polyvinylidene fluoride, polyacrylonitrile, and
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
polymer electrolytes using solid electrolytes such as
vinylidene fluoride copolymer, polyvinyl chloride,
polyvinyl acetate, and polyvinylpyrrolidone.

[0009]
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Pat ent Docunent 6 discloses a hybrid ionic conductor
usi ng an oxyet hyl ene (neta)acrylate polyner. [0011]
In addition, Patent Docunent 7 discloses an 10

al i phati c epoxy resin-based ion-conducting crosslinked
resin conposition, and Patent Docunent 8 discloses a
pol yphosphazene- based pol yner el ectrol yte. Patent

Document 9 gi,$eh@S 83 caheln@®n5C idipidadd 2ROl iBlconduct ing
conposite consisting of polyalkylene carbonate, a

”Bb@&dlﬁoﬂg'| tonpdsak iOhJariitigs @l willymeanahaRaieintl, and
Docunent 1 di scl oses a polyner solid electrolyte and
adpekyaees $6kitdpellgstinelyne Hat tar yexesilignt polymer
pol yur et hane. Patent Docunment 11 discl oses pol yvinyl
almeokealiabased i on- conducting conposition and the
like. 20 [0012] There are two types of pol yner
ma0éAi0dl s t hat have been proposed for pol yner

el ectrolytes as nentioned above: all-solid-state

pol yner el e@etenft decuwaudi i SClsisid hiltehd atomd

an electrolyte salt 25 an el -state pol r
eFERENGTLPre dSAGTEd Wyrﬁ'idnygkf%? GRS AR T 13t Polymer.

pgb%ga; material and an electrolyte salt. The
f ol Jng maj or problemis left unresolved. [0013] 5

Speci fical |y, al]s.594.0- $al& (yé‘[ﬁge,ﬁiateptclﬁgédi§§es an

have not yet "achi eve I'on conduction t

L cal j sfact; : :
B%ﬁ;%%%écg%ys AN Yoa ddH CUHI@Sdudeingt&Ssslinked

ytes require the mxing of a large 5
afRiint, Honpalieil, foid FadddiCabod@leSOMNBIUELisONos&0, a

t hese types of polyner electrolytes are only better in
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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reliability than conventional el ectrochem cal devices
using liquid electrolytes, and high reliability that
pol ynmer el ectrolytes have originally been expected to
10 have has not yet been realized. [0014] After that,
inline wth the conmmercialization of lithiumion
secondary batteries, the abplication of pol yner

electrolyteégto l'thiégz'gﬂlléo ggpg#%ﬂélggﬂyyégs was

proposed (s ument s triggered

lea§c€§5?g§%ﬁehﬁbgdh%% ggtp%EHF@Vedﬁfﬂﬁ'dﬂdﬂdﬁtlon that

I'Ng e commerci alization of Ilithiumion

F§0?g§5¥iE§ﬁﬁ2;%@%1%$b@§d¥ﬁ stiaf e PP, gel-state
ectrol ytes menti oned éarlier, however, large 20

apBuUbherob1sekrentsedr e cadded tthe I&esawlofsteatlearge

pol ymer electrolytes, leading to failure to achieve

t BRouhighr al isahivieirity fidratp raatyinerl electaolduasidrave SO,
originally been expected to have. As a result, nost of

t baekit hiypesi of pedymear v Ueattterly e leste iqndl ket tare in
25 use of liquid electrolytes, and l|ithiumjon
seedndbiy i tyatthan eonysinig oyel glﬁc*é:wwcal devices
el ectrolytes have a very small share of t r ket
[9@15]9 équéds@lJ«?@ttIIﬂléftﬁrsablaé}ﬂ R Rt fof that

materi al s have .si nce been tﬁgled Pat ent

DBEIHEE £ St S g B oA SEaeTed to
m§@§ne electrgg%b ﬁ%fm%égﬂfgééﬁ pol ymer A (1 to 40 5

group, po1yV|nyI|dene fluoride
3 g B (20 to 70 wt%, netal salt C (1 to 50 w%,
a 8 ordanic solvent D (20 to 85 wm% . The docunent

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 electrolytes have
originally been expected to have. BAs 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]
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shows that preferable exanples of polynmer A having a
carbonyl group are pol yester, polycarbonate and 10

pol yester carbonate, and that other exanples include
pol yam de, pol ypepti des, pol yurethane, and pol yket one.
However, this system al so cgptains a | arge anount of
an organic solvent and does not necessarily neet the

desired iongonductd Ak s Padideke] Jdr Al ti s Rat ent

Docunent 14 proposes that = polyners or copolyners of

ApRTRileG FRRQTBLY hdEwY A nddddronaludiadlp thatemct s
as ionic ligands are used for all-solid-state pol yner

eppeuentt 83 priopgdisad eaesi R0-ddrduct ImmnopeY -soatierg a
ket oni ¢ carbonyl group can also be used as an exanpl e

obotyaereed efoiir dihe e apol sinsring Hefvevekymet |1A (1 to 40
copol yners derived fromthis nononer have a |ow
cenmtenthanfing @ardsordnygr anpund By viory 1l derictlearide
25 [0017] As nentioned above, all-solid-state pol yner
elpedtneiry Best Ziave W&t wWiet) priestialedsprtacti Ehito S0 wts),
properties at present. On the other hand, |ithiumion

s@édshgagpmic pakanted udhdydl 2 stk pofffefocument
LS A IR BeEr Pl Lo O SEL) SRl A0l 2
e T S SRR Yoty erin vt
Dogiiple ol lbadsiifed atd cf8 SnPCLsiERbLSs include
polyamide, 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 copolymers of aromatic 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



Pat ent Docunent 3: JP-A-57-143356 10 Patent Docunent
4: JP- A-58-075779 Patent Docunent 5: JP-A-59-230058
Pat ent Document 6: JP-A-60-031555 Patent Docunent 7:
JP- A-60-248724 Patent Docunment 8: JP-A-61-254626 15
Pat ent Docunent 9: JP-A—62-0,30147 Pat ent Docunent 10:
JP- A-01-197974 Patent Docunment 11: JP-A-Ol-284508

R S L R U v e e
J BeAn2 008 Q14 HrNandat aie Qgﬂgrem derP. 1Mhi dddght,
Pol ymer, 14, 589 (1973) DI SCLOSURE OF THE | NVENTI ON

PRIBLEM t {GnBE £l \énla 1BY cis urENT e 2, [0d % hés
menti oned above, it was difficult to use the
C Qaventdpaealt pd yweerymed e od et tyt alsy teos natdel 1 oma 8 major
conduction conpatible with reliability. Especially,

5 pelrpidrers edt molegeds have recently been finding new
applications in |arge products requiring higher
r dlO0all ity such as hybrid electric vehicles, and

there 5 is a growng need for the reliapjili t hat

pol ymer eléﬁgﬁﬁﬂyt GRe nhl | Hav 4"f@é$%ise | ar ge

product applications, such produycts.ar 1y

operated at RtHGHPIOITYe of “T’goﬁ\/sgrg%gggs and in

order to reagli,ze i pol ar_electrodes-4h e the

nost rea_songé[ﬂtee tobéecf)%%r?er%%eﬁ‘st‘?gc‘?u?z ?%?g?ﬁe use at
10 Such a high ¥9lla0&ccument 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

15 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

20 Patent Document 14: JP-A-2006-012652
Non-Patent Document 1: P. V. Wright, Polymer,

14, 589 (1973)

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
25 [0019]
As mentioned above, it was difficult to use

the conventional polymer electrolytes to make ion
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pol yner el ectrol ytes having high ion conductivity and
reliability are necessary. [0020] The present

i nvention has been made to solve 15 these probl ens,
and provides an all-solid-state polyner electrolyte
having high ion conductivity achieved by the

sel ection of a specific polynmer material or a gel-

SLRALRIURR! WIE e olRa il et thavi d1d: 4B i i PN CoHskteid Vi y
achi eved by the addition of a solvent in small enough
20 canaieit & 1l taAvaRis therd atimdniay dfedhefinding new
reliability. Also, the present invention provides
eapgtirieaitdminealin devigepiwiiaig exaphlemyg vt prer
characteristics and high reliability by using these
paleliebidlidot reolaht ess hyfHDOIR Je PEcthfvec prefsiepte s nvaid ofkere
conduct ed extensive studies to solve the problens
alisve gEesiinouRed Har e prbiakikl bantpet s%qﬂvbéia%y
u5|ng a polyner material having a ketonic, carbo ¥
e t%grld}&}]olﬁbfh@vetheI%?@?ﬁ otaf e product

k b I h
DG g o f r°?i£r%fwfa%%v%aé3w%ﬁaflm.%19?1:%‘%’?%9&*: .

s%e\ﬁ%d%@%%@“ e Bt war e het o2

I
E%&‘ acr erfl glget c{eﬁ tﬁ’h}t t%@rﬁsx@%oéf‘vfé‘ébgﬁaﬁi@

contain a polyner naterial

h%\ié&&&d@tm&wf@wf £196 Obile WOET S BN L AEnighi Podtage,
the wei ght of the ketonic 10 carbonyl group relative

&f&;ﬁyméﬁﬂéﬂgcﬁﬁoliﬁééﬂﬁéWEﬁg nageriah tSnddcwiditeo &0d
r:llability are necessary.
[0020]

The present invention has been made to solve
these problems, and provides an all-solid-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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[0023] In addition, the el ectrochem cal devices of

the present invention are characterized in that they
15 use the polyner electrolytes of the present

i nvention. ADVANTAGES OF THE | NVENTI ON [ 0024] The

pol ymer el ectrolytes of the present invention have

t he advantage of being able to make ion 20 conduction

c atihl.e W rel hahiddity. (ﬁqgit' t ;
eI%g%t ?qloetk:lﬁgxr% 8?? té‘gvi]%?sédolfé/t%defbpr gsen lo(iﬂme%e%%%lv%a%%

t he cadaRA0Q oo NAMI ritah el i adids tyc BN 50 wts.
excel | ent” out put characteristics. BEST MODE FOR

CARRY NGrddhglHed NEND Qémpbe{HORXd dlesdntietmvéedion.
description of the present invention is given bel ow
[0026] One of the features of the present invention 5
is that a polynmer material having a ketonic carbonyl

g MEA SMESRe iSOG atHE) BHORIFMSwi ght of the ketonic
carbonyl group relative to the weight of the polyner
mat0@2i2dl is 15 wt%to 50 wt%is used as a pol yner
material. 10 (0027] Here, a ketonic carbonyl grou

refers to a lic&B6Hy Y %r%o%%ejfv\%l%?%%lyges ot
“hacetle o ey SN Qe are caLbon Soree L,
hayean.00gen 1o AR AYLA MLHRYED ALEShAYI 58BN}
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 wt3.
{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
[G024]

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 OUT THE INVENTION
[0025]
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respectively. In addition, a ketonic carbonyl group
may be present in the main chain of a polyner, and it
is preferable that they are present only in side
chains, not in the main chain of the polyner. 20
[0028] Pol ynmer materials ha¥gng a ketonic carbonyl
group have photosensitivity based on the carbonyl

group preS%ntdetaﬂqle@\eFeé tdfcﬂwrb@tﬁr?@tlb%ls@&
phot osensitive polynmer materials and easily 25

phetededrrdall ¢ iRl midwterials. For exanple, JP-A
50- 007849 proposes a phot odegradabl e resin conposition
cqmigaigning 0.5 to 10 wt % (as vinyl ketone nononer

units) of a vinyl ketone copolymer in a polynmer 11

mat eri al comprsed ndienl featfumpmsd yod ngthe ot esente. invention
[ 0029] The present invention is based on the finding

t Hast talqaolayrmﬂy@tte;cmacﬂq/nmlhdwwg\ml@hmmnlc carbonyl
conductivity 5 can be obtai ned when a poly
netieipa W hend ity theatanic %%rtﬁtﬁlweb?%po%‘é?%u ketppic
rati o of the weight of the ketonic, carbonyl

r Sy k GRMP v{eﬁ]gfl(;ﬁl‘fﬁ tq hfehepowwt nﬂlaf e?‘il% P?glﬂi%r
% 50 Wt %] 30], 10 Gen
= agt #%%tsiettcbn?o(g w%:%r%%n‘ﬁl? (g:%ﬁp u%éﬁrfaﬁrt he

pres,(%%:r i,nvention include polyners of unsaturated

JSlhawng a ketonic carbonyl group. Such
Jated nmonomers include unsaturated ketone

onpou&ds such as nethyl vinyl 15 ketone, ethyl vinyl

ket one, n-hexyle VidVilekst ORecarbbepy| g¥biy! rketoseto a
and met hyl isoproopenyl ket one.

carbonyl group where the two atoms adjacent to the

u

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.
{00281

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



[0031] In addition, such polyner materials may al so
be copol yners of these nononers and ot her unsaturated
20 nononers. O her unsaturated nononers that are
converted into such copol ynmers include unsaturated
nitrile nmononmers such as acyylonitrile and

nmet hacrylonitrile, unsaturated carboxylic acid

TRAQEENIS1 SHDARAHMINIG af (iaolrwihe%qr Y1 XoBddl,
mal ei ¢ acid, 25 itaconic acid, and mal ei c anhydri de
andothgir salts, acrylic ester nononers and
nmet hacrylic ester nononers such as nethyl acryl ate,
et hyl acryl athe, dusdnt aierydratiesn niet Hyd sexbtdractlye af &pding
et hyl nmethacrylate, and 12 hydroxyethyl nethacryl ate,
atblagf ian podiyorer s lsugir sy teethan igre, higlopidreneonductivity
1-butene, 1-hexene, 1l-octene, and 1-decene, al kenyl

5 arcemaidec dedredmmds vheath aPaskyrahdlater et Hyd$i9 ehe,
and p-net hyl styrene, vinyl nononers such 5 a§ vi nyl |
f ERRNE.C HARAC U IHRAIP AP RA Hy | th BT, of the welght
vi nyl i dene nnnonerskfucg as vinylidene chlorjide and

viorﬁyhﬁh@eﬁ@trqm&i%r, ahet TS ettt hbhoher NS KRRt of
' . ; i Nyl
iR Sy el A WS o7 Begar

chgj rs of unsaturated nononers having a Kketonic
car ongl group and ot her polyners. [0033] The

10 preferable vl é}?\a’p%ﬂﬁlﬁem&@éjﬂ:@éls 1§a%@ﬂ1<?h£ Rétbhec
Vi

pol ymer materials ving a ketonic carbonyl group
used-Hdh ey R8s alfed MENERO N1 SsdnO00nvé st 10A00nO00de

and nore preferably 10,000 to 1, 000, 000.
polymers of unsaturated monomers having a ketonic
carbonyl group. Such unsaturated monomers include
unsaturated ketone compounds such as methyl vinyl
15 ketone, ethyl vinyl ketone, n-hexyl vinyl ketone,
phenyl vinyl ketone, and methyl isopropenyl ketone.
[0031]
In addition, such polymer materials may also
be copolymers of these monomers and other unsaturated
20 monomers. Other 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,
25 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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[0034] In addition, the polymer material having a 20
ket oni ¢ carbonyl group used in the present invention
and anot her polyner material nmay be mixed to

manuf acture a polyner electrolyte. In such a case, the
rati o of the weight of the | ymer material having a
ket oni ¢ carbonyl group used Tn the present invention

Z%fc&!cﬁgyje%};lgé&ém%?loavé’fwleaﬁ@,i it o 0 £ LD EnPObNERE | such as

material 1s Yoor nore, and nore preferably 66.7

We¥ran i, € prdd3Ae, The-thatd e of1 tHieraved ght-eftdhe, and
ketonic 13 carbonyl group contained in the polyner

mat-eidcind)aWingnyd  ketdim 101 € akdyied r Yroufh useds t yirdhe, o-
present invention relative to the weight of the

paletigr] stpiresriegl andbtp-detHyH st Wohdroe SOviMPh rdnoemen®reuch
preferably 18 wt%to 50 5 wt % and nost preferably 20

wed tvargll vidtmatfe t heimalt iacetoft e heanvediginy bfchheride,
ket oni c carbonyl group relative to the meight.of the
pAiyrverl dedree magionar g enxch et Wk dgeng iyl ol §eernd

el ectrol ytes having I ow ion conductivity can be
thlé‘iYH-édiYe”I% domnigd, 3nd Ry atddiof MPRONYr Hief YRl 2s

of the ketoni.c carbonyl grqup re]atjve to the weight
o Tp ol ey St 12019 S5 s 50 W ShRRt y  britile
pgdﬂ?ﬁ el ectrol ytes having poor solubility and

f brlcgbility can be obtained. [0036] 15 Preferable

| ectrol yt | used, |
el ectrol yte alf&;used, | L‘%%&J{é pd é?rméall.gf%éfé y&u&i gféso

the present invention in organi c salts suc

Ligel Qhafd BieghollynZis 44 Blnsatidtatdd StHhodds LiASIRg a
organi c sul fonat'es such as

ketonic carbonyl group and other polymers.

{0033]

The preferable weight-average molecular
weight of the polymer materials having a ketonic
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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CH3SG3Li and CF3SQ3Li, and sulfonyl imde salts such
as 20 (CF3SO2) 2NLi, (CF3CF2SQ2)2NLi, and

(CF3SQ2) (CF3CF2S2) NLi . [0037] Al kali netal salts
other than Li salts, for exanple, salts of alkali
nmetal s such as sodi um and 2? pot assi um can al so be
used as cationic species of ? el ectrolyte salts.

C@a{%r& gffﬂ @lilﬁ’h@ﬁécpoﬂﬁﬁ'é@rxﬂé‘{e\!rlal having

anmmoni azoltumsalt, pyridinium salt, and

p'aoq{ét%ﬂ&'ﬁaﬁ_%dn@rb%\w becuised. +1d p%@eﬁatiﬁv@ﬁtlon

the wei ght of the "electrol yte salts nenti oned above

r edeatdtvierd & d Rend Ofteﬂi%m& ghttieé péhenesl waeerpal enist be
menti oned above and t el ectrolyte salt nentioned

abdvevtis o Senattd y 11t ol HGndrev Prebardainbyelpref erabl §o
5to 75 wt% [0038] The fornmation of a conposite of

t hecpandrenos gt fatalahyl 2hewet ecoroPywetsal If the ratio
nmenti oned above can provide a polyner electrolyte

Forf ebtenpiasi ghtheo fl Ol ke e ned HodRY bf JF VR ﬁglatlve to
conposi tes have been known: 1. A nethod_for obt ai ni.ng
atpitﬁwfyrghf‘e|<e%ttﬂbw@%lmeiaur§%wmb asp%%ﬁeF an 15 wt%,

materi al and an _ el ect a sol vent

ot b el bdiearea edeons aret feh %E%SPHGUSSWHY
PSSR T rif R,
?&%} atlng % Eéﬁf@sg?r%bﬁglo&rgaﬁ EékgtlbgeEo the
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, LiBF4, LiPFé6, LiBr,
LiI, LiSCN, and LiAsF6, organic sulfonates such as
CH3503Li and CF3S503Li, and sulfonyl imide salts such as
(CF3S02)2NLi, (CF3CF2S02)ZNLi, and
(CF3S02) (CF3CF2S02)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, imidazolium salt, pyridinium

salt, and piperidinium salt can also be used.



20 dissolving an electrolyte salt in a solvent to
swell followed by renoving part or the whole of the
solvent (nethod 2). 3. A nethod for obtaining a .
polymer electrolyte by nelting and kneadi ng a pol yner
material 25 and an electrojyte salt (method 3). 4. A
nmet hod for obtaining a polyner electrolyte by

di ssol vi ng %elx%%tirool&et e rlfeidhtd of 1M G FEVOIET vi08
pr epol yner, ich 1s then polynerized 15 to (nethod

42 1RO 3R i dte Ay REECHeldtben i1, tite NEdtwrl wight of
formng a conposite of a polyner material and an

elteet eyt 5 ndldr icAn rimtsiedread etbdvoamettiods 1 to 4
above as needed. A description of the conposite
f erleattiren yteetdadds nientgiorend bdbove (D03 fSoilvents to 20
used for conposite formation using 10 nethod 1

5 i mtl3udengatrer ecapdiedre nadnlag e dus BolWweht s. Such
nonagueous sol vents include cyclic carbonates such as
prl 8ne carbonate, ethyl ene carbonate, vinylene
car bonate, chain carbonates_such as djethg carbonfte

di net hyl carBéhaiFmatiff HethyForRepbhatet Reipelyer
R R A ) AL o Rl S5 A B
SN TN e A0E, LePlekmaten e |
10 LS Iae a6 FEER R Basr UL ke sbeh o
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

15 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

20 dissclving 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
25 and an electrolyte salt (method 3).
4. A method for obtaining a polymer

electrolyte by dissolving an electrolyte salt in a

liguid monomer or prepolymer, which is then polymerized
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di met hyl f or mam de, di net hyl acetam de, N

nmet hyl pyrrol i done, and sul fol anes. [0041] In addition,
as a variation of nethod 1, a 25 solution containing
an electrolyte salt dissolved in water or an organic
sol vent at high concentratigs can be used. This
variation is useful especially for a high content of

t Kk ' rbonyl group in the 16 polymer materi al
uggﬁ @%Q?h%jg@éSent invention. [0042] The pol yner

el@gidpl yte of the present invention can be obtained
by fabricating the solution 5 obtained by this nethod

into any shapg di&gadiait binvsifiorR, P4 0666808 USH BSrming
application, casting, or extrusion and then renoving

P& tcampddicc vt & olhser s tvernial | anddant ébactbylyte
m xi ng a cathode active material or an anode active
metedrt atari eo ddieectoddit foom Ife@nods hentd abralcavéengsi t
into a shape like sheet simlarly, followed by

r evemdaty pak tdegcitirt ol @f ofhe t tempos yeat fermetiodes
for electrochem cal devices using the polyner
elnedthasis/ties afivere prlaent invention can be obt ai ned.
15 [0043] The renoval of part or the whole of the

S can be controlled by using a hot plate, an

T Ko, Dryi nG ot s ORtichehd SR CReL by BaLaRE ! ShobRE™d
2y, ST Bl SO SRR S ke
Such nonaquecus 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
methanol and ethanol, ethers such as tetrahydrofuran,
1,4-dioxane, and 1,2-dimethoxyethane, 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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duration of about 30 m nutes to 10 hours can
preferably be used. In addition, a vacuum dryer may
al so be used for drying under reduced pressure. 25
[0044] The polymer electrolyte of the present
invention may be used as a gglyner el ectrolyte as it
and nay al so be used af is crosslinked as

eﬁeg‘g&o 2 AN HO8SI Md% BI Dipd s e tslen

n beam cro I nki ng and chem cal crossllnklng
ugigag 2anmoni a,  diam nes, radical generators, or the
like. [0045] 5 For conposite formati on using net hod
2, the pol ymey gwteidalelict el presentthavensseomnt t hat
has been fabricated into a shape like filmin advance
i 9 nvigipriegnataad bantabtaa st dithpnfafr aee el vgt the yselgai on
di ssolved in a solvent, and is allowed to swell. Then,
1@kt rpal yerthel eatettiad elwfo tdmy psheapeat likeepleoh by
can be obtained by renoving part or the whole of the
soladag @ puPGREHhENCh ahed ol e’nt cCAZLRInePhod 1
can be wused. In addition, electrodes for

elexdrtigniand thityi (RO TUEIRPIRe P Vh%rwlé%%t?a 9’9%

of t.he present 15 jnventi.on can. be obta

R KR ol h STl oot IO HRE cf S CBr SBrAGhOtE
S%%a;%e?ﬁ LV BT sl nﬁéyﬁé%ﬁégﬁ%o Chab Eekatien
RS et faft SBRRE 3orTalr RakerPErt P ro &
%fﬂlfﬁk b1 ﬁ%ﬁrﬁyyf@mé@iﬁgdb§§9|M?dthé #hole of
sol'vent foll owe renovi ng part or the whole of the
SAnedolvent electrodes for electrochemical devices
using the polymer electrolyte of the present invention
can be obtained.
{00431
The removal of part or the whole of the
solvent 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 about 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 also be used after it is crosslinked as needed.
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[ 0046] For conposite formation using nethod 3, the 25
pol yner electrolyte can directly be obtained by
nelting and kneading the polymer material of the
present invention and an electrolyte salt, and
fabricating the kneaded po&¥ner material into a shape
i ke sheet. In 18 addition; electrodes for

glfC% o%cr!;%scstailnq& rﬁc‘“an'?eﬁjr?‘éé@ Jﬁ@ﬁlcﬁ’? (E ﬁ&ﬁ%égﬂnyte

€ present ‘inverntion can I rect tai ned by

”%ﬂdsralmx{gp%fa %émap%ﬁ/&@ﬁm&@ﬁ? ausPIfxthﬁmonla,

present 1 nvention, an 5 electrolyte sa

cihpdg st i MM Brddte Rit &, a@@den@cnu@ rrat erial,
and then fabrlcatlng the kneaded pol ynmer materi al

I mom4wishape like film [0047] If the polyner materi al

of the present 10 invention is obtained froma liquid
nmononer, nmethmd dommasi tad sbolmausenl. using hmstade?, t hbe
polymer electrolyte of the present invention can be
olptceli ywesrt: tmya t ool 3deo f Zingy pressutr envgnthen| thatdhas been
nmononer and an electrolyte salt as well as a sol vent

i flaluclemsmd . intr 15 HerIpe | bhke of bbnr beddyapce 1s

el ectrochem cal devices_ usj n the po #% Iectrogxte
flmar@waés%tlnmew%ue FILRE ©Bt ot RELEB)Y hExPR

cafode gof 1 oL ellgle oTa)  190oah Ve BBLEE 2l nhen,

are

po”qhaené-? Rt ko Stees 20 LPOSRL Aelieat s i‘ﬁ%ﬁ‘cl% EBE be

ECIt- ro rese I nvent IS

tH%ﬂ%ﬁg%%i2%?&§ﬁagéyﬁgrpa€£egfrQh¥tﬁho§@eSEftﬁ@lEﬁlvbﬁt
In method 2, the same solvent as in method 1 can be
used. In addition, electrodes for electrochemical
devices using the polymer electrolyte 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 solvent.
[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. 1In
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renoved in nethod 1, 2, or 4 above, an all-solid-state

25 polyner electrolyte consisting of a polyner

mat erial having a ketonic carbonyl group wherein the

ratio of the weight of the ketonic carbonyl group

relative to the weight of @e pol ymer material is 15
w%to 50 % 19 and an electrolyte salt can be

oghﬁﬁ%ggn l%l@@@ﬂﬂd@b £ AC COrgH i ARt 10 Sy By Bis ing

an all-sol'id-state polymer electrolyte can directly

bereblaiiadr ThecdPRuRtOfof te gaanit ramdm ngn can
after drying can be neasured by NVR neasur enent, and

| Hitrlee tagnerntoatdieedibyt heeltsioly enid i len 00 pprher

| ess, the whole solvent shall be considered to have
b@@ﬂyﬁ&ﬁowmiedﬂxhnﬂf'ﬁhezﬂﬂe&&ﬂuc&nnentﬂqmuym@r

el ectrolytes of 10 the present invention are
cedreatirerliyted sal tyeranchiggtratvrde crelic(s viatergmy or an
there are sone all-solid-state polynmer electraol ytes
h&viosl iaeit icen dnadra i ady, atrcirpran%rm AP E e RO of fregded
el ectrol ytes. The reason y the  all-solid-state

pHIOhyEe o Met i a4 SN t6t & r%“ﬁ:ﬁ%s]elrﬁe 15 HRventi on have

hL%P ign conductivity is unclear, and it seens that a
ERUIE carbonyl group contained in a polyner

ol yirer ol ect oA ST e Mare S8R Lof, #%%Zﬁ%??%“‘@t °
PN Rl g:ebgéni‘:ﬁr{e& es Pfqui@%én&@@? VRBERORT 4

nown. wever, any of t hem has

mngh |DNEY 1M, SRNIUCEH] Vil yis tBage | | @6 dpo BmeET Ol Yt es
I's not practical. [0051]
electrolyte of the present invention 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
obtained by mixing a cathode active material or an
anode active ﬁaterial 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-scolid-state
polymer electrolyte consisting of a polymer material
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%
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25 As nentioned above, the all-solid-state polyner

el ectrolyte of the present invention does not contain
any liquid electrolyte, but it has high ion
conductivity. Wen it is used in nonaqueous 20

el ectrochem cal devices sucﬂ as lithiumprimry
batteries, lithiumion seco %ary batteries, and

n queo Lectri Gld DI S, 11 taddition,
CHRATRAEHIERS SR RATH SRS D) aailon

O%'E:Eﬁtrdg_lﬁ%r 6! GlHILS ddipfe aldh GNPl -3 tatdgsel ymer
of liquid-electrolytes. 2. It is all-solid-state,

el @Ralding d han ROSEd1Y e Gbddinedl. | eRk@gamodnt 16£
contains no flamable liquid materials 10 and thereby
hasenefhammbididining ditdasdexios) |em It inkisited by
and fabricability and thereby can be fabricated into
amyR sdeaEe danemtt,hiand idintle ddndent satben) @ Bhe

bi pol ar el ectrode in 15 which a cathode active

mestedrviealt drad 109 e actlass, neervelarechyerhgelie bh be
the front side and back side of _a current collector,

r sspecidardd) ta have Raen i emVedossi bility of ionic
qufid]junctions bet ween the cathode and anode forned
ol YK ront side and back 20 side of the current

col Tector t hat, coul &, oecyr i fd %c'éiﬁgégigjh%Hé?wEsgof

and el ectro e avi

oL GRAE (ER Rl aE YRR Bl oy s

aboye c Ut d A Y®Ere 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 nonaqueous
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el ectrolyte of the polyner electrolytes of the present
i nvention can be used to inprove the reliability,
safety, and characteristics of electrochem cal devices
21 greatly. [0053] A second aspect of the pol yner

el ectrolyte of the present, jnvention is a gel-state
pol yner 5 electrolyte. Spec%@ically, if part of the

sahyvent 8 odimVed Jit BN, Lis 25 (i 3ROME @D

apparently soll gel'-state polyner electrolyte”
CRRg e Of 13 A TRIn JEHd Ay N i fe KO C

carbonyl group wherein the ratio of the weight of the

K 8lbPiic P @ tarQURICHD el 1adyave dapd dre- vved ghi ¢ of
the polymer material is 15 w%to 50 wt% an
eleaelibaltst & hsalflc larariqe d MRaitcan be obtai ned.

[0054] In the gel-state polyner electrolyte of the 15
present invdnti dn, esrdlcidnpdsidh out@att cclofradeeristics
solvent remaining after partial solvent renoval and

t lrdragolaynee compairatild i Wdiasted bicpordi ekeeorehetes.
i ntended use by changing conditions for_solvent
removal . HoweverLt tife allatsol ittt swi ghimbnatirg the
solvent relative to the 20 total weight of the sol vent
PP SSHE Pt et BrihI 1935299 present invention is

PO eL DL 20 0 10 U T £l €1 LY, SEdyogias

0Pl R e e e polyr

all-solid-state ;¢ pas excellent pliability and
fabricability and thereby can be fabricated into any
shape like thin £ilm.

5. If it is used as a bipolar 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 of 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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pol ymer el ectrolyte, have a sufficiently high ion
conductivity. Therefore, even if such a polyner 22
electrolyte is made into a gel-state pol yner

el ectrolyte with part of the solvent |left and thereby
its ion conduction, especiagky at low tenperature, is
further enhanced, then it eXhibits its effects in a5
S Eg%r nmount of the solvent than the conventiona

g€l -stat'e polymer electrolytes, so reliability such as
| i;gi=t| eakage resistance is reduced |less often.

[ 0056] A nore detail ed description of the gel-state

10 polymer ¢ eddly/tspdct her pries gl yriwvend i et itSlyte of
given below [0057] In the present invention, an

aqHROWS GRInt Siraten iy ey 2l rotaytie phblahard when

the solvent is 15 water al nost conpletely maintains
hiegle dtam loarductdpd diyf itdet ] it hel Apeouso | goe rodyvént is
solution originally has. Therefore, such aqueous .
gelenstvace ipoimatdrockllactd olgt eb akoee usat kphRERNGEY solid
when they are used in aqueous electrochem cal devices

S WEH - U AU IS DR T et 2 -l Sl UL ef RP+YRET
doubl e | ayer capacitors, the outgut characteristic,gPlle

| SRt AT char BT sTREROT BhdI TP | TRB G0 n
LSt AN g EL P VSR L e
GRS N T R
wt% to 50 wt%, an electrolyte salt 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 wtg,
more preferably less than 50 wt%, and most preferably
less than 33.3 wt%.

(00551}
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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t he nonaqueous el ectrolytic solution has, and 23
especially high ion conductivity at | ow tenperature.
Therefore, such gel-state polyner electrolytes are
useful for nonaqueous el ectrochem cal devices such as
[ithiumprimary batteries, lJithiumion secondary 5
batteries, nonaqueous el ecttic double |ayer

c e-: Siity ar, ht: r
e?gggFgggﬁgﬁig%dgéﬁgeéﬁt%fgb Qf'ﬁgﬁﬁgaﬁﬁgﬁggaabove,

t Bg PR BTRE cMBti®h daraf oft RieDIRSBANY MM i ey
a ketonic carbonyl group 10 wherein the ratio of the
Weitght caf coheluketion,C eapidedall yraaud oweltadnprerdtoatdie is
wei ght of the polymer material is 15 wt%to 50 wt %

c &N rind eus ethhian daidqV itdesrpdlty resrh ibeil e tirtod yafefediayi g a
hi gh ion conductivity, and can be wused in various
ebeailiechemotalt ddvitdes sasl vantalihags o ieprtentional
pol yner electrolyte or a gel-state pol yner .
elbedtsolaree pddpsied] i SSiF 1R iaR ertfeFeisabHel ey gich as
el ectrochem cal device refers to devi ce tq%% uses
ellegirisb Haskade FRSHGTHANES vl AR CREEEN Bl es
of el ectrochem cal devices include electricity storage
20 0§ ces, electricity generating devices, display
devi ces, and sensor, devices. f _

el ectrochem céqor(?evc}egceaslluescfn%é%)%gﬁétp%%&s% “thd gel-state
el |yt r [ Welgh Do i ven
P DS G o Tl Gn i o S Do nts 2give
| ¢agidudi nal  sectional view of an exanple of the

el ectrochem cal

[0057]

In the present invention, an aqueous gel-
state polymer electrolyte obtained when the solvent is
water almost completely maintains high ion conductivity
that the aqueous electrolytic solution 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 nonagueous gel-state polymer

electrolyte obtained when the solvent is nonaqueous

almost completely maintains the ion conductivity that

the nonaqueocus electrolytic sclution has, and
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24 devices of the present invention. In Fig. 1,
reference nunber 1 indicates a cathode, reference
nunber 2 an anode, reference nunber 3 a cat hode | ead
termnal, reference nunber 4 an anode | ead term nal,
reference 5 nunber 5 a polyger electrolyte, and
reference nunber 6 a batte container. [0062]

Eét‘?s 9% l(if ?ﬂ §lgc td'o%qﬂﬁ{ﬂlh t}ﬂea\"d CeSw tdhgdeiderure.

um pri atteries wth metallic [ithium 10 as
t%%e%%%%ean%u%n%@le%%adﬂ@ | SBmeGArdILd Hdof i &le, a0
the i ke as the cathode; I|th|un}|on secondary

balsle@rileF oM o AR i@ iddherd dl alewaidate, swch as
lithiumalloy, or the like as the anode and |ithium

cahaltiaie pdirdahiyumat tekel et e, 1 4 M hin orengraeen & r 5
[ithiumiron phosphate, or the |like as the cathode;
e lbextttreird edqublomdqyesu s apasi t ks deuthleact ayer eTRRAE HoRrs
as the cathode and the anode; aqueous ion batteries
widyle - eristiHiliznd: remisn il it ANE orkRZT FRCEPHEC steRices .
as vanadium titanium or iron as the anode and a
| iltHi2fh 20 transition nmetal conposite oxide such as

ik o R s

5 S R B PR PR o

'"¥ﬁ¥£é¥n3¥%e/§étlo of the welght of the ketonic carbonyl
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 involving ions; and examples
of electrochemical devices include electricity storage
devices, electricity generating devices, display
devices, and sensor devices.
f0060]

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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First, 15 parts by weight of nmethyl vinyl ketone, 0.1
parts by wei ght of azobisisobutyronitrile as a

pol ynmeri zation initiator, and 100 parts by weight 5 of
tol uene as a pol yneri zati on solvent were m xed
together and then polynerizeg at 80C for 10 hours.
After conpletion of polynerization, the remaining

NRRQURLS ard 5@l YeRlsMer 8 Vit undet Fiefucked reference
pressure to obtain polynmer material A 10 [0065]

13GnMR anahysicatehowe ¢ddidd herafitenad fiunoemed girt
of the carbonyl group relative to the overall weight
obinbllies Relfwiendmtranialr \ias 4ht0fbdes lsdraivte mmibl e
1. The wei ght-average nol ecul ar weight of this 15
pekyfeee neet ernimdde rA dvaes: SN @B, 14D e8] rmirrel eremicerence
Exanples 2 to 7 (manufacture of polyner materials B

t auBperTie as @ed Yoyeer atliesrsr dlsy ey RaTresker ecgplenier 6
20 except the use of mxtures of nethyl vinyl ketone
afd bagdevomiantdid@iSiavi ng t he nononer ratios shown in
Table 1 instead of the use of only nethyl vinyl
kd8%€ mer e  conducted to obtain polyner materials B

G [0067 25 13C | vsj .
f:gpol yErer ]rﬂﬁaérfp]reast ioo’M:Rsaa at%%‘?%%?%i\&g é%ﬁéd(\%\g?%%?
i ol i i | . t ' ium
gflntchgldeceflqi%q mn¥ fég k@%ﬁﬁ’@rfé’s @glflgvr%é@érjhleﬂ\@' 90¢h

copol yimer “Wer e own Tn Ta

i T\, S A JBbANGS, OkatbeserPRbYIBE, or
\Arr%tsg?"llha B c,a%%i, “{%‘ P Ond G were’ 115 000, 173, 000"

249 P00 k24 Qb 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 cathode and the anode; agqueous 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 invention is explained below in
more detail with Examples and Comparative Examples.

[0064]

[Reference Example 1 (manufacture of polymer material
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270,000, and 286,000, respectively. (0068] 5 [Table
1] Mononer ratio Weight ratio (Parts by weight) Ml ar
ratio of the of the methyl carbonyl Methyl vinyl

vinyl ketone group in the ketone Acrylonitrile in the
pol ymer polynmer (W% Reffgence Exanple 1 15.0 0 1.0
40.0 (A) Reference Exanple 2 12.0 3.0 0.71 30.7 (B)
Rafigrence Exanple 3 10.0 5.0 0.55 24.9 (C) Reference
Exanple 4 8.56.50.43 20.2 (D Reference Exanple 5

6.5 8.5 0.3%i}3+9 16FpdrafLengncr i @t endctbyD Hidy1

0. 28 13 7 (F) Ref erence Exanpl e 3.5 11. 5 0.14 7.2
ketone, 0.1 parts by weight of azobisiscbutyronitrile
as a polymerization initiator, and 100 parts by weight
of toluene as a polymerization solvent were mixed
together and then polymerized at 80°C for 10 hours.
After completion of polymerization, the remaining
monomers and solvent were removed under reduced
pressure to obtain polymer material A.
[00865]

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 92,000.

[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 monomer ratios shown in Table
1 instead of the use of only methyl vinyl ketone were
conducted to obtain polymer 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




10

[ Ref erence Exanpl e 8 (manufacture of

(G [0069]
pol ynmer material H)]
et hyl vinyl 10 ketone,

azobi si sobutyronitrile
and 100 parts by wei ght

First,

0.1 parts by wei ght of

of o £ 0l uen

pol yneri zati on solvent were m xed

PRbYBBLh 2ed wali BeS 8 tHR ROWSA vl il i L0 £t Oy,

of

pol ymeri zat i on,

e as a
t oget her

15 parts by wei ght of
as a polynerization initiator,
and t hen

the remai ning nononers and sol vent

WEl eEf eaBved weder 1neduned 1mRIT0,e 225, AU@EI e 4B ooe)

mat eri al

H

[ 0070]

5 13C- NWR anal ysi s showed that the

rarneooh,t had wsieglan0gf ridwperarinaiwt. group relative to
was 33.3% as shown in Table 2.

this pol yner
THE& 0w&il ght -
H was

mat eri al

mat eri al

9 [{dmaBle0l(manuf acture of pol yner
The sane operations as in Reference Exanple 8

mat eri al |

aver age nol ecul ar wei ght of this polyner
67,000. 10 [0071] [Reference Exanpl es
and J)]

except

the use of| m xt uMesomsfr ewlyb vinyli ket ope, and |¥&ight ratio

met hyl acrlyl at éPartsghhweighhyl etiher . fHav, he of the

monomer rdtios shown iln Table 2 insjf @Ltbhe |useagponyl

only et hyl|Merhyl Wendng mare;¢onduct ed f @nabt ai §roup in the

pol ymer ndterkefanq t¢ J.° [0072] |20 g8GMR anal yRjigmer

showed that the copolvyner {(Wt3)

Reference il

Example 1 15.0 0 1.0 40.0
(A)

Reference

Example 2 12.0 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)

Referernce

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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nol ar ratios and the ratios of the weight of the
carbonyl group relative to the overall weight of the
copol ymer were as shown in Table 2. The wei ght-average
nol ecul ar wei ghts of these polyner nmaterials | and J
25 were 145,000 and 43, 000, ?espectively. 28 [0073]

[ Tabl e 2] Mononer ratio Mol 4f ratio Weight ratio

i f he . Ethyl i !
veerer norbetibhy P Ky BTl i Yend Lt
(hBYpreRsr ar ez ot | rg FREEIE lundl RIS
Refresanee tBXamplaand g%-ﬁle% Qi 36.9 (1)

Ref erence Exanple 1 0 06.00.6123.1 (J) [0074]
[ Evamphe 1] 5 First, 30 parts by weight of |ithium
tetrafl uoroborate (LiBF4) as an electrolyte salt was
m xed i nto and-tiMesanedd sis Ahgard scHat weightatofo yof the
butyrol actone to prepare a 30 wt % sol ution. Next, 95
paetighlyy ofieitdlet cafrbpolwinerr ot erdlat et 100 aye byrbyr
10 weight of this solution were placed and then heated
amdterial was 33.3% as shown in Table 2. The weight-
average molecular weight of this polymer material H was
67,000.
{00711
[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.



stirred at 120C to obtain a viscous,
[0075] When this viscous solution was cast to have a
t hi ckness of 500 microneters on a glass plate and then

15 dried at 120C for
state polyner electrol yte iQ
[0076] 13C- NMR neasurenent a
dfgﬂo of weight of the y-butyrolactone relative to
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filmformwas obtained.
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[0074]

[Example 1]

First,

[0075]

30 parts by weight of lithium

tetrafluoroborate (LiBF4)

stirred at 120°C to obtain a viscous,

butyrolactone to prepare a 30 wt% solution.

as an electrolyte salt was

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

Next, 95

parts by weight of polymer material A and 100 parts by
weight of this solution were placed and then heated and

clear solution.

When this viscous solution was cast to have a

(0076]

dried at 120°C for 2 hours at normal pressure,

thickness of 500 micrometers on a glass plate and then

a gel-

state polymer electrolyte in film form was obtained.

13C-NMR measurement at this time showed that

the ratio of weight of the y-butyrolactone relative to




5

10

15

+J ri W-.i W-.i W-ri W-rl WW- 4w-.144v 0)v

rnblo 0) olo rn& rnb”*a o+to o (a mmo UC '~ .i C
-.-I"i C-ri ,,,2Cr1,1C-H-HC-1AC-.1-.i
-rlorlori 00 -1 HAG "rlori "ior-i .1 Harlri Ca)

W w4l NNNri -rl 1) C° 551 CQwoCOmwo Cwo OwroCA-3
4-~riCwo waa)i Waa)i Cl)tTo O
aga@;&q%%qaw;éq Q~roqakyoqyn%wnmtférfa31 'A X th ONK JJ

kwCk rit H~ +)0k v) CUIn ~+. " WU
Nohtyrdlbbtobeava¥) 260NN LS. E@hé)NMRTMeéBuréﬁenﬁDWas
L Ii-) 24121 iJ1 wl i-) 1 i-3WCi, al+ a) 11

arondlcakd- with vNM-4R400l fajom HEODL 'Iitd. a THe a)orl a)
pUak. r-4 WD14 G WWpgqco W W-.1 UU rl1 O 4J
me@ndNced vidit \ OfmtNiG el -alta®eNpadymdrr -l ddtom iyt /yas
14 NNNNN.-i Nr-1r-I ONNNTri 0O0O0OONH U
opecaguced at GOFCCRNACOE Net M| BHE AQ. 01ReSUDFSORreoshown
(V+4) --1J0) NNNNNNNNNN

in Table 3.

[0077]

[Examples 2 to 8 and Comparative Examples 1 to 2]

The same operations as in Example 1 except
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 solwvent,

ion conductivity, the conditions of the polymer

electrolytes, and the like were as shown in Table 3.
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a) a) a) ar a) al a) ta a) i-3 a) a) rla ort OKk
a) WMIW W31 [0080] [Exanple 9) First, 40 parts
by wei ght of [ithium

bi s(trifluoronmethanesul fonyl)imde {(CF3SQ2) 2NLi } as
an 5 electrolyte salt was gixed into and dissolved in
60 parts by weight of propyfene carbonate to prepare a
4Q00@h o solution. Next, 100 parts by weight of this
solution and 75 parts by weight of polynmer material J
WeERaRAGed i n an autocl ave and then heated and
stirred 10 at 120C to obtain a viscous, clear

solution. [fQQSY], Wiendiis By seiushts @ iti rhvas cast

to have a thickness of 500 m cronmeters on a gl ass

pbdtsd taid lupewmethzerk satl fth0A fieni dk hpr\3$02 yeNhl as an
pressure, a gel 15 state polyner electrolyte in film

f edectas lgttteaisrdd. was0@8Hedlhientraatdaral of i 4 dvel wesd gt ©F
the propylene carbonate relative to the total weight
obatritiss byoermeht et eticay lane tdariproie die reeborate 40
was 27.3 wt% The 20 ion conductivity of this

g¥t3s eglatdeny meNegtectidd) magt b BoE Y o dthis kHz
AC, .the conditions of the “PQ| nmer electrolyte, and
tﬁ@lPF%QqN%qg do S¥dhs Y elaﬁt of polymer material J

were placed in an autoclave and then heated and stirred
at 120°C to obtain a viscous, clear solution.
{00811

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 electrolyte, 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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Table 4. [0083] 25 [Exanple 10] When the sane
operations as in Exanple 9 except drying at 150C for
3 hours were conducted, a gel-state polynmer
electrolyte in filmformhaving 32 al nost no

vi scosity was obtai ned. (0824] The ratio of the

wei ght of the propylene carbonate relative to the

t (gl"i"r{qs\’{'?ir%qtvi%fcéﬂ R%é"%ta?ra terial and the

propyl ene carbonate Wwas 16.1 Wt % The ion conductivity
of(dg¥s gel -state polymer electrolyte at 30C and 0C
at 1 k AC, the conditions of the polyner

el ectrol yt e, TrNG 4 | dKec e rvee Bfh S honthd pdapyede
10 [0085] |[Exanple 11] Wen the sanme operations as in

BExambondt e exdleqti v Vidgelad 6040 fos i Phhowf Sthes epolymer
conducted, a gel-state polyner electrolyte in film

f orahdrahd Ingamb tHS pigopkeny oasbols e neals 100B6¥t¥he The
ratio of the weight of the propylene carbonate

r dlcat icmnductisitwtef Weighgebfstate polyner ehacerpayte
and the propyl ene carbonate was 7.8 w % The 20 ion
cad A Cvrngl 8fCt akslgkRzshar ethsl gredisieser gfytde at
30C.and 0OCat 1 kHz AC, the condjtions of the ol yner

o RECO (e P e | 30 vthe LoKS HEORS A° Fapta 40

Table 4.
[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.

[oo8e]

The ratio of the weight ¢f 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
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[0087] 25 [Exanple 12] First, 50 parts by weight of
[ithium bis(trifluoronethanesul fonyl)im de

{(CF3SQ2) 2NLi } as an electrolyte salt was mxed into
and dissolved in 50 33 parts by weight of propyl ene
carbonate to prepare a 50 % sol ution. Next, 100
parts by weight of this solution and 75 parts by

WRiaghts @fy RRIIWIRN Jratss pgjlejne el @ AL d b Afbare a 50

autoclave and t hen heat and stirred 5 at 120C to

okitrai Bod iBHUS NeGdtgarl (RPIgEHaN by [WBH+ T stiviscous
solution was cast to have a thickness of 500

msolatdicer aneh 78 gass phatwe iaght tderpoymer matdbD J
for 1 hour at normal pressure. Then, 10 when the plate
wes gl gdedeidn ian \aac warhadrlgare setd athelb0@ataed dnal tdeirred
dried for 10 hours, an all-solid-state polyner
eBécﬂﬁ@l?téolﬁbﬁaﬂﬁ1ﬁoWﬁﬁﬁ@MﬁmgCAGQKOQQLMﬁaonoarbonate
content of 1000 ppmor |ess was obtained. [0089] 15
THEO8SA conductivity of this all-solid-state polyner

el ectrol yte 30C at 1 k AC was neasur ed. Results
are shown irf %'Fa?olvelsfc’% S%‘E”E"E B9 Cagt e Rpvejay

" thi%in2EL o500 W Bddl% %0 a~n§1;lasl_é. platHe a?nd then

dried at 150°C for 1 hour at normal pressure. Then,
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.
[0089]

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.
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a wj Oaj Mfnmfn NNNN OCma HO
- -10a O.-- N NNNO7 I-I .-1 .-1 Or-
RO mL~ro6 Oni XWOx EWWWS35 [0091]
Conparative Exanple 3] First, 100 parts by wei ght of
copol ymer of vinylidene gguoride havi ng a

N O ~
P a

wei ght - aver age nol ecul ar 5 Wwei ght of 35,000 and

q@@@hgoropropylene (having a copol ynerization ratio
2, hereinafter referring
[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(trifluoromethanesulfonyl)imide
{ (CF3S02)2NLi} as an electrolyte salt, 120 parts by
weight of propylene carbonate, and 200 parts by weight
of dimethylformamide were mixed together and dissolved
at 60°C.

[0092]

When this sclution 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 poiymer electrolyte in film 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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to as polynmer material K), 25 parts by wei ght of
['ithiumbis(trifluoronethanesul fonyl)im de
{(CF3S2) 2NLi } as an electrolyte salt, 120 parts by 10
wei ght of propyl ene carbonate, and 200 parts by wei ght
of di methyl f or mam de were mihxed together and dissol ved
at 60C. [0092] When this solution was cast to have a

15 thi cknessyfn 500k M LFONBLEF St OBn S b ass Obmp&rapdve
then dried at 120C for 2 hours at normal pressure, a

O&lxanfdiad € RIS &t adtyt B509T fidmF arouhawere
stroﬁg; adher ence magﬁ%%%ained. [0093] 20 At this

t igendddieed atd oyl - dthet evepghymef ¢hectpodbpybéene film form
carbonate relative to the total weight of polyner
mataerirad Hraorek trie Wi opys Bne was bonbeeneds 45.3  wt %

and no di net hyl formam de remai ned. The ion

cortfiflivity of this gel-state polyner electrolyte at

25 30C and 0C at 1 kHz AC was neasured. Results are

shown in Tathte thigoomg. tlanpariei 96 ERanpeeddf 96 the

When the sane qgperations_as.in Conparajfive. Exa 3
eRERRY LAY P BONTHT ForSSLTBLIS haFeotobohateteat 4t
SRl e PLAER Sk ARV APl B 4.0
s S, S YL 0! o 1S pBLPBL B oL mes
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.
(00971
At this time, the ratio of the weight of the
propylene carbonate relative to the total weighf 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




pol ymer material K and the propyl ene carbonate was
24.8 W% The ion conductivity of this gel-state

pol ymer 10 electrolyte at 30C and 0C at 1 kHz AC was
nmeasured. Results are shown in Table 5. [0096]

[ Conparative Exanple 5] W the sane operations as in
Conparative 15 Exanple 3 except drying at 150C for 6

hQHHSaWeEQeCCEQBQWtee@'al% Yo%rsy Lt tde e aédﬁikness] of

polymer electrolyte in filmformwas obtaine

ABObhm§chH§teEEeohab'%l%%st@idﬁ@!Hﬂd‘ﬁhéﬂ“ﬁrfgh at 120°C
propyl ene carbonate rel’ative to the total weight of

pobyner hoatrer adl nkraad the spioryl emndar honat endplate
16.8 W% The ion conductivity of this gel-state
pebgnelacebedtr al yheuatn 30@eanda@Cat 15KEHz aAG Wasther
nmeasured. Results are shown in Table 5. 25 [0098]

5 [ doapdr &birvé OBhampise 6 Aidel wesombderitraidy fgitpal ymisrture
material K obtained in the same way as in Conparative
Ekanphéts pewdgadvwas ebdednsidite salt was cast to have
a thickness of 500 mcroneters on a glass plate and
t h8A°%8di ed at 120C for 2 hours at nornal pressure.

Then, when tTP]e pl at e was placed in cuum dryer, set
at 150C and Gr CREE S5 g Ple d HOGY G’n O § i 4 Thn hesS
ogt nJefd wggt p ﬁlxture i.n _whi te(f%\é\ﬂer o\/\Iglasc Qb aétnle‘glt
[ 09 f Th&%&on 8 t P& SFO fleﬁe a QW1% Y
10 was unmeasurable.
[0100]
[Comparative Example 7]
First, 100 parts by weight of a polyether

copolymer (having a copolymerization ratio of 73:27,

15 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 { (CF3S502)2NLi} as an

20 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
25 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]




m xture was 1000 ppmor | ess, and the ion conductivity
10 was unneasurable. [0100] [Conparative Exanple 7]
First, 100 parts by wei ght of a polyether copolyner
(having a copolynerization ratio of 73:27, 15

herei nafter referring to as Eol ymer material L) of

et hyl ene oxi de having a wei 8 t - average nol ecul ar

wei ght  of - t et hyl L
ether and %%gﬁﬁ%&mﬁ%ﬁiﬁgﬁﬁ%% ADyldoLys! dhee
bige(itynidd warrmtdianes W d om0 iafdd@ b ( 6k330RHZNhic} vas
an 20 electrolyte salt were m xed into and di ssol ved

| fne2bdhiraail t Rdpued Hite Shaaet Omi Table. 5[ 0101] Wien
this solution was cast to have a thickness of 500

m croneters on a glass plate and then 25 dried at 80C
for 2 hours at normal pressure, acetonitrile

vol atilized conpletely and an all-solid- state pol ymer
electrolyte in filmformwas obtained. [0102] 38 The
ion conductivity of this all-solid-state polyner

el ectrolyte at 30C and OC at 1 kHz AC was neasured.
Results are shown in Table 5. 39 E E Q 4J t)n 4Jr
>' H4) -1 w+14r1lE uw WLAO ¢c'C'" Nmbl 3 m
-Hw W
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1JO 1JO 100 10O r, O SC ri rari Nrl co r-I
rt r I iLMr-1 rafLsalLLSI O sl O o.nama.m
amwna.mrl NE X v x E X ﬁ. Xr: x OEIl OwOwO
wOwOW UUUUO040 [O %4] [ Exanpl e 13] This
ex@mplsg i s an exanple of the electrochem cal devices
of the present invention using 5 the gel-state
pdExeaep lel actirol yte of the present invention. Fig. 1
shows a schematic sectional view of this
el ectrochenTtdls @ensimgde [1GGH] excrdpared itdre of a
pol ymer el ectrol yte sol ution>
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 tetrafluorcborate (LiBF4), propylene
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 tetrafluorcborate (LiBF4), propylene
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 5
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




10 Pol yner electrolyte solution (1) Lithium

tetrafl uoroborate (LiBF4), propylene carbonate, and
polymer material A were placed at a weight ratio of
20:80: 100 and then heated and stirred at 120C to
obtain a viscous solution. % [0106] Pol yner

el ectrolyte solution (2) Lithiumtetrafl uoroborate

( le'l@g%%r 1@%%%'0%%%10%“ @Agnatey @ L{%&lt@"‘gféz ’Wédﬁ{}Lta'oﬁ the

wer e rati o of

hﬁ@k%@lr%n@ £Skinler %@t@ﬁodez%c@l% 2 1R 1N Fh P U@t ing
[0107] <Preparation of a cathode sheet> Li CoQ2

(havisngedl XveLABRY ANtd Pasts.ze i D pdH1d Qs &dison as
a cathode active material and graphite 25 and

aaepyliede thl dekeas atidleidsg o @0 nerie: e td ended one
at a weight ratio of 100:5:2.5. [0108] Then, 100 parts
5 bgivei gift 20fl Spoliymemetle r -dlhdethrE st ealamiuturonfil) caithode

100 parts by weight of the mxture of the cathode
acpilvecwatrer i Fhignwacomduicd g 1DAE Were 2k hoaded tiont o
paste. This paste was then applied to have a
t RPERABS S SRtIOGEeristesifet ers to one 5 side of a
13-Hi§roneter t hi ckness al umi num foil cathode

Pr&8cdor. This was dried at 150C for 2 hours to

obtai n a cathode heet 09] .T i o of the weight
of propyl en(tér fo & ﬁt?or?dft g;be r‘fle qr}'eecd qa% REGRY X&lt%ode
10 Sgggboﬁgk%th%%tggned 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>
15 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 to have a
20 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
25 carbonate contained in this anode sheet relative to the
overall weight of the anode sheet excluding copper foil
anode collector was 17.1 wts.

[0112]
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t he overall weight of the cathode sheet excluding the
al um num foil cathode collector was 13.8 wt% (0110]
<Preparation of an anode sheet> 15 First, 100 parts by
wei ght of polynmer electrolyte solution (1) and 50
parts by weight of graphitg,(having an average
particle size of 10 n1crone%ers) as an anode active

”Qtp%fé -8R Keaded 1 d b Aas fea BeL$1ES> past e was

then applied to have a 20 thickness of 150 microneters

to one side EQflﬁ[érl%lé'&&f g,a&@rsc;m@imewm@@@razﬁplied
anode collector. This ied at 150C for 2 hours

t @Ol AT R ader Slhﬁaetcatt{dtlel]éhé'élte prdpared sheve,
wei ght of propyl ene 25 carbonate contained in this
anddets heet tredratdvieed Gt He0 0%V dicad 11 wmivghttcoffdrire a
anode sheet excluding copper foil anode collector was
1%ohbitsy Jayem2|haa2ingPr egaieitness of f aaC micrometers.

el ectrochem cal device> Polymer electrolyte solution
(X0Me applied to the surface of the cathode sheet
prepared above, which was then dy |ed af 100C for

hour to for MOE SJ%TJéqql‘?}gSlP%%%rh%W% this h‘F%‘RE%’%g if‘yer

R e R e e R e%\"%‘%%%g%paésso

ovaesrslea ed to %lescgi%?o%kg%ﬁaﬂ {'398 egré C§ oxgﬁviﬁek"fﬁ

sKOW T H F ion O
ch[qjlaiqlt eri stl cs of an el ectrochem cal

<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-sclid-state polymer electrolyte of the present
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devi ce> The charge and di scharge characteristics of

this el ectrochem cal device were evaluated in the 15
foll owing way. This device was charged for 5 hours in
the constant current and constant voltage charge node

of a maxi mum current of 50 E@ and a maxi mum vol t age of
4.2 V and then discharged t073.0 V at a constant

CYhR@RL 1Qf 10 E%h Thediachargs, &apac té’eé”@ﬁoi@%%{w-of

20 After that e device was recharged under the sane
cendist eQRs tadRvaldiat ek vidde di scharge capacity under
the constant current conditions shown in Table 6.
Ré®llitty are shown in Table 6. [0115] 25 [Exanple 14]
This exanple is an exanple of the electrochem ca
deVPireps reft ittme ofr esemthadeerdtiesmt>usi ng  the
all-solid-state polyner electrolyte of the present 43

i nvention. A gixtusows & suitdedd actsicte oretlend aly arid
this electrochem cal device. [0116] <Preparation of a
cEPREYELiRGerids AbFaiNad iat e Aamieaittdyeln Example

%erlal and conductln ai ds obtained in the sane way
gg in 1 gﬁﬁﬁe 1 pqq roethanesulfonyl}lmlde

(S 2 IRy o Rt ﬁ%emterawwwer

1B656230: doveis Pﬁ%ﬁ:%hdgétta Finedra eotsoc
| 964750705 SknERER B T LS B EARAbA 40 RIPet
[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(pentafluoroethanesulfonyl)imide { (CF3CF2S02)2NLi},
propylene carbonate, and polymer material I were placed

at a weight ratio of 50:20:30:50 and then heated and
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havi ng a thi ckness of 200 micronmeters on a 15-

m cronet er-thickness alum num foil cathode collector.
15 After that, this sheet was dried at 180C for 2
hours to obtain a cathode sheet. [0118] The content
of propyl ene carbonate cont ?i ned in this cathode
sheet relative to the overa ﬂ wei ght of 20 the

c t udi ng the al um num foil cathode
Cgﬁ&‘ifee Fheety soeed

ctor was 1000 ppmor less. [0119] <Preparation
of mp@node sheet> Graphite (having an average
particle size of 25 10 microneters) as an anode
active materiids khéddednmixture was extruded into sheet
bi s(pent af | uor oet hanesul fonyl )i m de {(CF3CF2S0O2) 2NLi },
priopylrenes catbohedes ahdl pol yhreromatersabnl anet 8-
placed at a weight ratio of 50:20:30:50 and then
h et @cbresice B4t h keleadesl atpd&0Coid120pdFhielikassded
m xture was extruded into sheet having a_ thickness of
15 e rigmet ershbsn aheaB waai erbast éF-gﬁp‘&(Rrﬂé%% £0ppeEs to
foil anode collector. After that, this sheet was dried
atoBoim fan INeRRrsnest - obtai n an anode sheet. [0121]
The content of propyl ene carbonate contained 10 in
t ht&1ahbde sheet relative to the overall wei ght of

LD, anove S EEY 5FLURLD9: | BEGEORRE,SkboRRHe concaines
in this anode sheet relative to the overall weight of
the anode sheet excluding the copper foil anode
collector was 1000 ppm or less.

[0122]
<Preparation of an electrochemical device>

Lithium bis({pentafluoroethanesulfonyl)imide
{ (CF3CF2502)2NLi}, propylene carbonate, and polymer
material I were placed at a weight ratioc of 20:30:50
and heated and kneaded at 150°C.

[0123]

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
assembled into the electrochemical device shown in Fig.
1.

[0124]

<Evaluation of characteristics of the electrochemical
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<Preparation of an el ectrochem cal device> 15 Lithium
bi s( pent af | uor oet hanesul f onyl )i m de
{(CF3CF2S2) 2NLi }, propyl ene carbonate, and pol yner
material | were placed at a weight ratio of 20:30:50
and heated and kneaded at 1%@ [0123] 20 This
kneaded m xture was extruded”into sheet having a

t hogkpRess of 20 micronmeters on the surface of the
cat hode sheet prepared above, and then overl apped by

the anode sheet J; ehERPRhatliss HPMM-@Eristics of
el ectrodes was dried at 180C for hours and then 25

asheabledd dtiioehleht cellectsvddiemaaal el e SNow the same

Fig. 1. (0124] <Evaluation of characteristics of the

elWwagt echenmExampd® ldevi Gesulltes Gy geh@nd h Srdtarges.

characteristics of this electrochem cal device were

eVldldatied in the sane may as in Exanple 13. Results

are shown in Table 6. 5 [0125] [Conparative Exanple 8]

TRCSMpRAABILE e Sxaredwpdilati ve Exanple of an

el ectrochem cal device using a polyether all-solid-

st ate pol ymglhlél SEETEILR d5 F Q?OHPW\JSV% Eeanks iof an
tio w of this electroc al devjce.

(9188 rosgﬁ&}g.a .d@erl&re Pla%raha sfelrf %ﬁea@owsé&m-
{ BEPrerbbltel e AR R IOT PRI UG i g

sectional view of this electrochemical device.
[0126]
<Preparation of polymer electrolyte solution (3)>
Lithium bis(pentafluproethanesulfonyl)imide
{ (CF3CF2S502)2NLi} as an electrolyte, acetonitrile as a
solvent, and pol?mer 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 to 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.



15 solvent, and polynmer material L were placed at a
wei ght ratio of 10:100:40 and then m xed and stirred
to obtain a solution. [0127] <Preparation of a

cat hode sheet> 20 The sane operations as in Exanple 13
except the use of polyner g%ectrolyte sol ution (3)

i nstead of polyner electrolyte solution (1) and
dripiipgiat 80C were conducted to obtain a cathode
sheet. [0128] 25 The content of acetonitrile

camraipaed dikd Rifs arcaldhate shwet>relative to the
overall weight of the cathode sheet excluding the

al um num f oithec aidrad >pared 4 o Hrasvaisn IKnpen DB érsspt

46 [0129] <Preparation of an anode sheet> The sane

O [iédurea tuisen S fa o d Irynieea gl esc thd lextoe pto L uthiorus €3 bf ipot gadrof
el ectrolyte solution (3) instead of 5 polyner
elpedtmsry ted estinatlivore (SYlwtnienr {3 hgprd oG w@rat 80°C were
conducted to obtain an anode sheet. [0130] The content
ofcoasrFmd 9 ©RteHthi A Rnele iReetanode sheet :

rel ative to the overall weight of the anode 10 sheet

e ng the copper foil anode collector was 1000

ppm or

CPectr ochentHi SREVISES P St ot Gt F51 GRACRbPER B This
g%%%%ﬁifg%%%gg%égﬁkgé)ﬁguiﬁ%”é5§¥%fﬁ &éfﬁﬁ@lggdghe ancde
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.




whi ch was then dried at 80C for 2 hours to forma
coating |l ayer. having a thickness of 20 m croneters.
[0132] The cat hode sheet having this coating |layer 20
and the anode sheet prepared above were overl apped to
assenbl e the el ectrochem cal-device shown in Fig. 1.
[0133] <Evaluation of characteristics of the
elf@augcheni cal devi ce> 25 The charge and di scharge
characteristics of this electrochem cal device were
eakbdtediin the same way as in Exanple 13. Results
are shown in Table 6. 47 [0134] [Table 6] D scharge

dondi tions (mA)] andn: 0 ] ). O
30mA 100mA Exanpl e Jsg%ggﬁéhg‘?’iég%hés@ﬁn}&ha“g aml e
14 70.1 mAh 65. 3mAh 61 dipahamgsmmac@diiy 1mannh 5. 3mAh
Undischargeable E§gﬂple 8 | TRIAL APPLHEABI LT TY
[(0E35+——5-TFhe—payrer—electroes—of—the—present

i nVERETRIE chd He y&%éﬁﬂﬁbr nnagdebus prlﬁgr§mﬁhtter|es
Juckxasp et ah | i\c 7 tinam badd esas. | aquegusgmsgrondarly
attertes—stchias—agteots . ;

3eCORBT HA or ixgs sgpgh 5081 SEROPGRLY e

Example 8

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
{01371

1 Cathode



10 batteries, nonaqueous electric double |ayer
capacitors, hybrid capacitors, and ot her

el ectrochem cal devices. BRI EF DESCRI PTI ON OF THE
DRAW NG [0136] Fig. 1 is a plan view and a

| ongi tudi nal 15 sectional XPGMIOf an exanpl e of the
el ectrochem cal devices of The present invention.
DESCRINRH-ON OF REFERENCE NUMERALS (0137] 1 Cathode 48
2 Anode 3 Cathode lead termnal 4 Anode |ead term na
5 3Poloa@iode] adadplndrenirty16 Battery contai ner 49
CLAIMS 1. A polyner electrolyte being an

aldl - swlcdd- dterice tqaadiraelr el ectrol yte or a gel-state
pol ymer el ectrolyte conprising a polyner materia
havi myplamest eliectoarlyoreyl group and an el ectrol yte
salt, wherein the ketonic carbonyl group is present
i ® siB@dtelral wondfaittser pol ymer nmaterial, the ratio of
the wei ght of the ketonic carbonyl group relative to
the weight of the polynmer material is 15 wt%to 50
w% and the ratio of the weight of the electrolyte
salt relative to the total weight of the polyner
material and the electrolyte salt is 5to 75 wt% 2.
The pol yner electrolyte according to claim1l wherein
the polyner electrolyte is an all-solid-state pol yner




el ectrolyte conprising the polymer material and the

el ectrolyte salt. 3. The polyner electrolyte according
to claiml1 wherein the polyner electrolyte is a

gel -state polyner electrolyte conprising the polyner
material, the electrolyte salt and a solvent, and the
rati o of the weight of the solvent relative to the
total weight of the solvent #nd the polyner naterial

less than 70 % 4. An el ectrochem cal device

using the polyner electrolyte according to any one of
clains 1 to 3.

CLAIMS

1. A polymer electreclyte being an all-sclid-state
polymer electrcoclyte or a gel-state polymer electrolyte
comprising a polymer material having a ketonic carbonyl group
and an electrolyte salt, wherein the ketonic carbonyl group
is present in side chains of the polymer material, the ratio
of the weight ¢f the ketonic carbonyl group relative to the
weight of the polymer material is 15 wt% to 50 wt%, and
the ratio of the weight of the electrolyte salt relative to
the total weight of the polymer material and the electrolyte
salt is 5 to 75 wt%.

Z. The polymer electrolyte according toclaim 1 wherein
the polymer electrolyte is an all-sclid-state polymer
electrolyte comprising the polymer material and the
electrolyte salt.

3. The polymer electrolyte according to claim 1 wherein
the polymer electrolyte is a gel-state polymer electrolyte
comprising the polymer material, the electrolyte salt and a
solvent, and the ratio of the weight of the solvent relative
to the total weight of the solvent and the polymer material
is less than 70 wt$%.

4, An electrochemical device using the polymer

electrolyte according to any one of claims 1 to 3.



