
1  DESCRIPTION NOVEL POLYMER ELECTROLYTE AND
ELECTROCHEMICAL DEVICE  TECHNICAL FIELD [0001] The
present invention relates to a highly  ion-conducting
polymer electrolyte containing a polymer  5 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%. It further relates to an  electrochemical device
using the polymer electrolyte, 10 which has excellent
liquid leakage resistance, heat  resistance, and
safety. BACKGROUND ART  [0002] With the widespread use
of portable 15 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. 20 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 2  supplies for hybrid electric
vehicles and power  supplies for energy storage in
addition to power  



supplies for portable information devices. Therefore,
they are required to be made much more reliable. 5
[0003] Generally, electrolytic solutions containing
electrolyte salts dissolved in solvents are used in
electrochemical devices. For this reason, such
solutions may cause problems such as liquid leakage 10
and, if they are nonaqueous electrolytic solutions,
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 3  state polymer electrolyte
composed of  polymethylmethacrylate, an electrolyte
salt such as  



LiC1O4 or LiBF4, and an organic solvent. [0006]  5
Patent Document 2 proposes an electrochemical
generator using an all-solid-state polymer electrolyte
that is a solid solution of an electrolyte salt in a
polymer containing heteroatoms such as oxygen or
nitrogen, and shows polymer materials such as 10
poly(ethylene oxide) and polyamine.  [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] 4
Patent Document 5 proposes an ion-conducting
solid-body composition using a polymer material, and  



discloses that polysiloxane is an excellent polymer
material. 5 [0010] Patent Document 6 discloses a
hybrid ionic  conductor using an oxyethylene
(meta)acrylate polymer.  [0011] In addition, Patent
Document 7 discloses an  10 aliphatic epoxy
resin-based ion-conducting crosslinked  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 15 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. 20 [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 25 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] 5
Specifically, all-solid-state polymer electrolytes
have not yet achieved ion conduction that  



is practically satisfactory. In contrast, gel-state
polymer electrolytes require the mixing of a large 5
amount of a solvent for practical ion conduction. So,
these types of polymer electrolytes are only better in
reliability than conventional electrochemical devices
using liquid electrolytes, and high reliability that
polymer electrolytes have originally been expected to
10 have has not yet been realized.  [0014] After that,
in line with the  commercialization of lithium-ion
secondary batteries,  the application of polymer
electrolytes to lithium-ion 15 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 20
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. As a result, most of
the lithium-ion secondary battery market involves the
25 use of liquid electrolytes, and lithium-ion
secondary  batteries using gel-state polymer
electrolytes have a  very small share of the market.
[0015] 6  To solve this problem, various types of
polymer materials have since been studied. Patent  



Document 13 proposes an ion-conducting gel-state
polymer electrolyte consisting of polymer A (1 to 40 5
wt%) having a carbonyl group, polyvinylidene fluoride
polymer B (20 to 70 wt%), metal salt C (1 to 50 wt%),
and organic solvent D (20 to 85 wt%). The document
shows that preferable examples of polymer A having a
carbonyl group are polyester, polycarbonate and 10
polyester carbonate, and that other examples 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.  15 [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 20 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.
25 [0017] As mentioned above, all-solid-state polymer
electrolytes have not yet provided practical
properties  at present. On the other hand, lithium-ion
secondary 7  batteries using gel-state polymer
electrolytes have  been put into practical use only in
very limited  



applications for small consumer products, and the
development of polymer electrolytes still has major  5
problems at present. [0018] Patent Document 1:
JP-A-54-104541  Patent Document 2: JP-A-55-098480
Patent Document 3: JP-A-57-143356 10 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 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 8
conduction compatible with reliability. Especially,
polymer electrolytes have recently been finding new
applications in large products requiring higher  



reliability such as hybrid electric vehicles, and
there 5 is a growing need for the reliability that
polymer  electrolytes originally have. In these large
product  applications, such products are usually
operated at a  high voltage of 100 V or more, and in
order to realize  bipolar electrodes that have the
most reasonable 10 electrode structure for the use at
such a high voltage,  polymer electrolytes having high
ion conductivity and  reliability are necessary.
[0020] The present invention has been made to solve
15 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 20 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] 25 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 9
the weight of the ketonic carbonyl group relative to
the weight of polymer material is 15 wt% to 50 wt%.
This finding led us to complete the present invention.



MEANS FOR SOLVING THE PROBLEMS 5 [0022] In other
words, the polymer electrolytes of  the present
invention are characterized in that they  contain a
polymer material having a ketonic carbonyl  group
wherein the ratio of the weight of the ketonic 10
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  15 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  20 conduction compatible with reliability.
In 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  25 [0025] 10
A detailed description of the present  invention is
given below. [0026] One of the features of the present
invention  5 is that 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% is used as a polymer
material. 10 [0027] 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 15 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.  20 [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 25 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 11  material composed mainly of polyvinyl
chloride.  [0029] The present invention is based on
the finding  that a polymer electrolyte having high
ion conductivity  5 can be obtained when 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% is used.
[0030]  10 General polymer materials having a ketonic
carbonyl group used in the present invention include
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 12  hydroxyethyl methacrylate,
a-olefin monomers such as  ethylene, propylene,
1-butene, 1-hexene, 1-octene, and  1-decene, alkenyl
aromatic monomers such as styrene, a- methylstyrene,
and p-methylstyrene, vinyl monomers such 5 as vinyl
formate, vinyl acetate, and vinyl chloride,
vinylidene monomers such as vinylidene chloride and  



vinylidene fluoride, and vinyl ether monomers such as
methyl vinyl ether and ethyl vinyl ether. [0032]  10
In addition, such polymer materials may also  be graft
copolymers of unsaturated monomers having a  ketonic
carbonyl group and other polymers. [0033] The
preferable weight-average molecular  15 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  20 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 25
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
13  carbonyl group contained in the polymer material
having  a ketonic carbonyl group used in the present
invention  relative to the weight of the polymer
material must be  15 wt% to 50 wt%. It is more
preferably 18 wt% to 50 5 wt% and most preferably 20
wt% to 50 wt%. If the ratio  of the weight of the
ketonic carbonyl group relative to  



the weight of the polymer material is less than 15
wt%,  only polymer electrolytes having low ion
conductivity  can be obtained. In contrast, if the
ratio of the 10 weight of the ketonic carbonyl group
relative to the  weight of the polymer material
exceeds 50 wt%, only  brittle polymer electrolytes
having poor solubility and  fabricability can be
obtained. [0036]  15 Preferable electrolyte salts used
in the  polymer electrolytes of the present invention
include  inorganic salts such as LiC1O4, LiBF4, LiPF6,
LiBr,  LiI, LiSCN, and LiAsF6, organic sulfonates such
as  CH3SO3Li and CF3SO3Li, and sulfonyl imide salts
such as 20 (CF3SO2)2NLi, (CF3CF2SO2)2NLi, and
(CF3SO2)(CF3CF2SO2)NLi.  [0037] Alkali metal salts
other than Li salts, for  example, salts of alkali
metals such as sodium and 25 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. 14  The ratio of
the weight of the electrolyte salts mentioned above
relative to the total weight of  the polymer material
mentioned above and the  electrolyte salt mentioned
above is preferably 1 to 90 5 wt%, and more preferably
5 to 75 wt%.  [0038] 



The formation of a composite of the polymer  material
and the electrolyte salt mentioned above can  provide
a polymer electrolyte. For example, the 10 following
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 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 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  25 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 15  to (method
4). [0039] In the present invention, a method of
forming  a composite of a polymer material and an
electrolyte 5 salt can be selected from methods 1 to 4
above as  needed. A description of the composite
formation  



methods is given below. [0040] Solvents used for
composite formation using  10 method 1 include water
and/or nonaqueous solvents. 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 15 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
20 acetonitrile and benzonitrile, amides such as
dimethylformamide, dimethylacetamide, N-
methylpyrrolidone, and sulfolanes. [0041] In addition,
as a variation of method 1, a  25 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 16  polymer material
used in the present invention.  [0042] The polymer
electrolyte of the present  invention can be obtained
by fabricating the solution  5 obtained by this method
into any shape like sheet by using a process such as
application, casting, or  



extrusion and then removing part or the whole of the
solvent. In addition, by mixing a cathode active
material or an anode active material into the solution
10 and then fabricating it into a shape like sheet
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. 15 [0043] 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 20 of the solvent to be removed. For
example, the  conditions of a temperature of 50 to
250C 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.
25 [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. 17  Common crosslinking methods include
electron beam  crosslinking and chemical crosslinking
using ammonia,  diamines, radical generators, or the
like. [0045]  5 For composite formation using method
2, the  polymer material of the present invention that
has been  



fabricated into a shape like film in advance is
impregnated into a solution of an electrolyte salt
dissolved in a solvent, and is allowed to swell. Then,
10 the polymer electrolyte of the present invention
can be  obtained by removing part or the whole of the
solvent.  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 15 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 20 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  25 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 18  addition, electrodes for
electrochemical devices using  the polymer electrolyte
of the present invention can  directly be obtained by
melting and kneading the  polymer material of the
present invention, an 5 electrolyte salt, and a
cathode active material or an  anode active material,
and then fabricating the kneaded  



polymer material into a shape like film. [0047] If the
polymer material of the present 10 invention is
obtained from a liquid monomer, method 4  can also be
used. In this case, the polymer  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 15 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 material into that mixture and then
polymerizing the mixture in a shape like sheet. 20
[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
25 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% 19  and an electrolyte salt can be
obtained. In addition,  according to method 3 above,
an all-solid-state polymer  electrolyte can directly
be obtained. The amount of  the solvent remaining
after drying can be measured by 5 NMR measurement, and
if the concentration of the  solvent is 1000 ppm or
less, the whole solvent shall be  



considered to have been removed. [0049] The
all-solid-state polymer electrolytes of  10 the
present invention are characterized by very high  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 15 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  20
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]  25
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 20
electrochemical devices such as lithium primary
batteries, lithium-ion secondary batteries, and
nonaqueous electric double layer capacitors, it
exhibits the following effects: 5 1. It exhibits high
output characteristics  that are comparable to those
of liquid electrolytes.  



2. It is all-solid-state, eliminating the  possibility
of liquid leakage. 3. It contains no flammable liquid
materials  10 and thereby has 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 bipolar electrode in  15
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 20
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)  25
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 21
greatly. [0053] A second aspect of the polymer
electrolyte of  the present invention is a gel-state
polymer 5 electrolyte. Specifically, if part of the
solvent is  removed in method 1, 2, or 4 above, an
apparently solid  



gel-state polymer electrolyte consisting of a polymer
material having a ketonic carbonyl group wherein the
ratio of the weight of the ketonic carbonyl group 10
relative to the weight of the polymer material is 15
wt% to 50 wt%, an electrolyte salt and a solvent can
be  obtained. [0054] In the gel-state polymer
electrolyte of the  15 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 20 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 wt%. [0055]  25 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 22  electrolyte is made into a
gel-state polymer  electrolyte with part of the
solvent left and thereby  its ion conduction,
especially at low temperature, is  further enhanced,
then it exhibits its effects in a 5 smaller amount of
the solvent than the conventional  gel-state polymer
electrolytes, so reliability such as  



liquid leakage resistance is reduced less often.
[0056] A more detailed description of the gel-state
10 polymer electrolyte of the present invention is
given  below. [0057] In the present invention, an
aqueous gel- state polymer electrolyte obtained when
the solvent is  15 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 20 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]  25 In addition, a nonaqueous gel-state polymer
electrolyte obtained when the solvent is nonaqueous
almost completely maintains the ion conductivity that
the nonaqueous electrolytic solution has, and 23
especially high ion conductivity at low temperature.
Therefore, such gel-state polymer electrolytes are
useful for nonaqueous electrochemical devices such as
lithium primary batteries, lithium-ion secondary 5
batteries, nonaqueous electric double layer
capacitors,  dye-sensitized solar cells, and
electrochromic devices.  



[0059] As mentioned above, the polymer 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 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 15 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 20 devices,
electricity generating devices, display  devices, and
sensor devices. [0060] Examples of electrochemical
devices using the  polymer electrolytes of the present
invention are shown  25 below. [0061] Fig. 1 shows a
plan view and a longitudinal  sectional view of an
example of the electrochemical 24  devices of the
present invention. In Fig. 1, reference  number 1
indicates a cathode, reference number 2 an  anode,
reference number 3 a cathode lead terminal,  reference
number 4 an anode lead terminal, reference 5 number 5
a polymer electrolyte, and reference number 6  a
battery container. 



[0062] Examples of such electrochemical devices
include lithium primary batteries with metallic
lithium  10 as the anode and manganese dioxide, 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, 15 lithium iron phosphate, or the like as
the cathode;  electric double layer capacitors with
activated carbon  as the cathode 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 20 transition metal
composite oxide such as cobalt,  manganese, or iron as
the cathode. EXAMPLES  [0063] The present invention is
explained below in  25 more detail with Examples and
Comparative Examples.  [0064] [Reference Example 1
(manufacture of polymer material 25  A)] First, 15
parts by weight of methyl vinyl  ketone, 0.1 parts by
weight of azobisisobutyronitrile  as a polymerization
initiator, and 100 parts by weight 5 of toluene as a
polymerization solvent were mixed  together and then
polymerized at 80C for 10 hours.  After completion of
polymerization, the remaining  



monomers and solvent were removed under reduced
pressure to obtain polymer material A. 10 [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  15
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
20 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]  25 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 26  molecular weights of these polymer
materials B, C, D,  E, F, and G were 115,000, 173,000,
225,000, 245,000,  270,000, and 286,000, respectively.
[0068]  5 [Table 1] Monomer ratio Molar ratio Weight
ratio  (Parts by weight) of the methyl of the  



vinyl ketone carbonyl Methyl vinyl Acrylonitrile in
the group in the  ketone polymer polymer  (wt%)
Reference 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) 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)] First, 15 parts by weight of ethyl vinyl 



10 ketone, 0.1 parts by weight of
azobisisobutyronitrile  as a polymerization initiator,
and 100 parts by weight  of toluene as a
polymerization solvent were mixed  together and then
polymerized at 80C for 10 hours. 27  After completion
of polymerization, the remaining  monomers and solvent
were removed under reduced  pressure to obtain polymer
material H. [0070]  5 13C-NMR analysis showed that the
ratio of the  weight of the carbonyl group relative to
this polymer  material was 33.3% as shown in Table 2.
The weight- average molecular weight of this polymer
material H was  67,000. 10 [0071] [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  15
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]  20 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 



25 were 145,000 and 43,000, respectively. 28  [0073]
[Table 2] Monomer ratio Molar ratio Weight ratio
(Parts by weight) of the of the  Ethyl vinyl Methyl
Methyl methyl vinyl carbonyl group ketone acrylate
vinyl ether ketone in in the polymer  the polymer
(wt%)  Reference Example 8 15.0 0 0 1.0 33.3  (H)
Reference  Example 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] 5 First, 30 parts by weight of lithium
tetrafluoroborate (LiBF4) as an electrolyte salt was
mixed into and dissolved in 70 parts by weight of y-
butyrolactone to prepare a 30 wt% solution. Next, 95
parts by weight of polymer material A and 100 parts by
10 weight of this solution were placed and then heated
and  stirred at 120C to obtain a viscous, clear
solution.  (0075] When this viscous solution was cast
to have a  



thickness of 500 micrometers on a glass plate and then
15 dried at 120C 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
29  the total weight of polymer material A and the y-
butyrolactone was 26.3 wt%. The NMR measurement was
conducted with JNM-LA400 from JEOL Ltd. The ion
conductivity of this gel-state polymer electrolyte was
5 measured at 30C and 0C at 1 kHz AC. Results are
shown  in Table 3. [0077]  [Examples 2 to 8 and
Comparative Examples 1 to 2]  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. 30  a) E E E E E 4 >1 4J 4J 41 ~ W -H 4-I
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First, 40 parts by weight of lithium
bis(trifluoromethanesulfonyl)imide {(CF3SO2)2NLi} as
an  



5 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 10 at 120C to obtain a viscous, clear
solution.  [0081] When this viscous solution was cast
to have a  thickness of 500 micrometers on a glass
plate and then  dried at 150C for 2 hours at normal
pressure, a gel 15 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 20 ion conductivity of this
gel-state polymer electrolyte  at 30C and 0C at 1 kHz
AC, the conditions of the  polymer electrolyte, and
the like were as shown in  Table 4. [0083]  25
[Example 10] When the same operations as in Example 9
except drying at 150C for 3 hours were conducted, a
gel-state polymer electrolyte in film form having 32
almost no viscosity was obtained.  [0084] The ratio of
the weight of the propylene  carbonate relative to the
total weight of this polymer  



5 material and the propylene carbonate was 16.1 wt%.
The ion conductivity of this gel-state polymer
electrolyte  at 30C and 0C at 1 kHz AC, the conditions
of the  polymer electrolyte, and the like were as
shown in  Table 4. 10 [0085]  [Example 11] When the
same operations as in Example 9  except drying at 150C
for 6 hours were conducted, a  gel-state polymer
electrolyte in film form having no  15 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 20 ion conductivity of this gel-state
polymer electrolyte  at 30C and 0C at 1 kHz AC, the
conditions of the  polymer electrolyte, and the like
were as shown in  Table 4. [0087]  25 [Example 12]
First, 50 parts by weight of lithium
bis(trifluoromethanesulfonyl)imide [(CF3SO2)2NLi} as
an  electrolyte salt was mixed into and dissolved in
50 33  parts by weight of propylene carbonate to
prepare a 50  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 



5 at 120C to obtain a viscous, clear solution.  [0088]
This viscous solution was cast to have a  thickness of
500 micrometers on a glass plate and then  dried at
150C for 1 hour at normal pressure. Then, 10 when the
plate was placed in a vacuum dryer set at 150C  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] 15 The ion conductivity of this all-solid-state
polymer electrolyte at 30C at 1 kHz AC was measured.
Results are shown in Table 4. 34  a) -P 0 w -a 44 -d
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w w w 35  [0091] [Comparative Example 3] First, 100
parts by weight of a copolymer of  vinylidene fluoride
having a weight-average molecular  5 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  {(CF3SO2)2NLi} as
an electrolyte salt, 120 parts by 10 weight of
propylene carbonate, and 200 parts by weight  of
dimethylformamide were mixed together and dissolved
at 60C. [0092] When this solution was cast to have a
15 thickness of 500 micrometers on a glass plate and
then  dried at 120C for 2 hours at normal pressure, a
gel- state polymer electrolyte in film form having
strong  adherence was obtained. [0093]  20 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
25 30C and 0C at 1 kHz AC was measured. Results are
shown in Table 5. [0094]  [Comparative Example 4] 36
When the same operations as in Comparative Example 3
except drying at 150C for 3 hours were  conducted, a
gel-state polymer electrolyte in film form  having
almost no viscosity was obtained. 5 [0095] 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 24.8  wt%.
The ion conductivity of this gel-state polymer 10
electrolyte at 30C and 0C at 1 kHz AC was measured.
Results are shown in Table 5. [0096]  [Comparative
Example 5] When the same operations as in Comparative
15 Example 3 except drying at 150C 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  20 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 30C and 0C at 1 kHz AC was measured.  



Results are shown in Table 5. 25 [0098] [Comparative
Example 6] A solution containing polymer material K
obtained in the same way as in Comparative Example 3
37  and an electrolyte salt was cast to have a
thickness of  500 micrometers on a glass plate and
then dried at 120C  for 2 hours at normal pressure.
Then, when the plate  was placed in a vacuum dryer set
at 150C and further 5 dried for 10 hours, no film was
obtained, but a mixture  in white powder was obtained.
[0099] The content of propylene carbonate in this
mixture was 1000 ppm or less, and the ion conductivity
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 {(CF3SO2)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 80C for 2 hours at normal pressure,
acetonitrile volatilized completely and an all-solid-
state polymer electrolyte in film form was obtained.
[0102] 38  The ion conductivity of this
all-solid-state polymer electrolyte at 30C and 0C at 1
kHz AC was  measured. Results are shown in Table 5. 39
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40  [0104] [Example 13] This example is an example of
the  electrochemical devices of the present invention
using  5 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>  10
Polymer electrolyte solution (1) Lithium
tetrafluoroborate (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. 15 [0106] Polymer
electrolyte solution (2) Lithium tetrafluoroborate
(LiBF4), propylene  carbonate, and polymer material A
were placed at a  weight ratio of 40:60:60 and then
heated and stirred at  20 120C 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  25 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 



41  electrolyte solution (1) and 100 parts by weight
of the  mixture of the cathode active material and
conducting  aids were kneaded into paste. This paste
was then  applied to have a thickness of 200
micrometers to one 5 side of a 15-micrometer-thickness
aluminum foil cathode  collector. This was dried at
150C for 2 hours to  obtain a cathode sheet. [0109]
The ratio of the weight of propylene 10 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> 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 150C 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 wt%. [0112] 



42  <Preparation of an electrochemical device> Polymer
electrolyte solution (2) was applied  to the surface
of the cathode sheet prepared above,  which was then
dried at 100C for 1 hour to form a 5 coating layer
having a thickness of 20 micrometers.  [0113] The
cathode sheet having this coating layer  and the anode
sheet prepared above were overlapped to  assemble an
electrochemical device as shown in Fig. 1.  10 [0114]
<Evaluation of characteristics of an electrochemical
device> The charge and discharge characteristics of
this electrochemical device were evaluated in the 15
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.
20 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]  25 [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 



43  invention. Fig. 1 shows a schematic sectional view
of  this electrochemical device. [0116]  <Preparation
of a cathode sheet> 5 A mixture of a cathode active
material and  conducting aids obtained in the same way
as in Example  13, lithium
bis(pentafluoroethanesulfonyl)imide
{(CF3CF2SO2)2NLi}, propylene carbonate, and polymer
material I were placed at a weight ratio of 10
100:20:30:50 and then heated and kneaded at 150C.
[0117] This kneaded mixture was extruded into sheet
having a thickness of 200 micrometers on a 15-
micrometer-thickness aluminum foil cathode collector.
15 After that, this sheet was dried at 180C 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  20 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  25 10 micrometers) as an anode
active material, lithium
bis(pentafluoroethanesulfonyl)imide {(CF3CF2SO2)2NLi},
propylene carbonate, and polymer material I were
placed  at a weight ratio of 50:20:30:50 and then
heated and 



44  kneaded at 150C. [0120] This kneaded mixture was
extruded into sheet  having a thickness of 150
micrometers on an 18 5 micrometer-thickness copper
foil anode collector. After that, this sheet was dried
at 180C for 2 hours to  obtain an anode sheet. [0121]
The content of propylene carbonate contained  10 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> 15 Lithium
bis(pentafluoroethanesulfonyl)imide
{(CF3CF2SO2)2NLi}, propylene carbonate, and polymer
material I were placed at a weight ratio of 20:30:50
and heated and kneaded at 150C. [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 180C for 2 hours and then 25
assembled into the electrochemical device shown in
Fig.  1. [0124]  <Evaluation of characteristics of the
electrochemical 



45  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. 5 [0125] [Comparative Example 8] This example is a
Comparative Example of an  electrochemical device
using a polyether all-solid- state polymer
electrolyte. Fig. 1 shows a schematic  10 sectional
view of this electrochemical device. [0126]
<Preparation of polymer electrolyte solution (3)>
Lithium bis(pentafluoroethanesulfonyl)imide
{(CF3CF2SO2)2NLi} as an electrolyte, acetonitrile as a
15 solvent, and polymer 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> 20 The same operations as in Example 13
except  the use of polymer electrolyte solution (3)
instead of  polymer electrolyte solution (1) and
drying at 80C were  conducted to obtain a cathode
sheet. [0128]  25 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.



46  [0 129] <Preparation of an anode sheet> The same
operations as in Example 13 except  the use of polymer
electrolyte solution (3) instead of  5 polymer
electrolyte solution (1) and drying at 80C were
conducted to obtain an anode sheet.  [0130] The
content of acetonitrile contained in this  anode sheet
relative to the overall weight of the anode  10 sheet
excluding the copper foil anode collector was  1000
ppm or less. [0131]  <Preparation of an
electrochemical device> Polymer electrolyte solution
(3) was applied  15 to the surface of the cathode
sheet prepared above,  which was then dried at 80C for
2 hours to form a  coating layer having a thickness of
20 micrometers.  [0132] The cathode sheet having this
coating layer  20 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> 25 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. 47  



[0134] [Table 6] Discharge conditions (mA) and
discharge capacity (mAh)  lOmA 50mA 100mA Example 13
72.4mAh 71.3mAh 63.3mAh  Example 14 70.1mAh 65.3mAh
61.OmAh  Comparative 11.4mAh 5.3mAh Undischargeable
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  [0137] 1 Cathode 48
2 Anode 



3 Cathode lead terminal  4 Anode lead terminal 5
Polymer electrolyte  5 6 Battery container 49  CLAIMS
1. A polymer electrolyte comprising a polymer
material having a ketonic carbonyl group, the ratio of
the weight of the ketonic carbonyl group relative to
the weight of the polymer material being 15 wt% to 50
wt%. 2. The polymer 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. 


