2011144992 A1 I 00 O O 01 O A I 0

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g [} 11D A0 00100 00 0 0
ernational Bureau S,/ ‘ 0 |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
24 November 2011 (24.11.2011) WO 2011/144992 Al

(51) International Patent Classification: Japan (JP). TAKAMI, Masayoshi [JP/JP]; c/o TOYOTA
COSF 14/18 (2006.01) HOIM 8/10 (2006.01) JIDOSHA KABUSHIKI KAISHA, of 1, Toyota-cho,
CO07C 311/48 (2006.01) Toyota-shi, Aichi-ken, 471-8571 (JP). YOSHIDA,

(21) International Application Number: Toshihiko [JP/JP]; ¢/o TOYOTA JIDOSHA KABUSHI-
PCT/IB2011/001080 KI KAISHA, of 1, Toyota-cho, Toyota-shi, Aichi-ken,

471-8571 (JP).
(22) International Filing Date: 81

19 May 2011 (19.05.2011) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,

(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

. CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(26) Publication Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(30) Priority Data: HN, HR, HU, ID, I, IN, IS, KE, KG, KM, KN, KP, KR,

2010-116677 20 May 2010 (20.05.2010) P KZ, LA, LG, LK, LR, LS, LT, LU, LY, MA, MD, MF,

MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,

(71) Applicant (for all designated States except US): TOY- NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,

OTA JIDOSHA KABUSHIKI KAISHA [JP/AP]; 1, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,
Toyota-cho, Tyota-shi, Aichi-ken 471-8571 (JP). TZ, UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.

(72) Inventors; and (84) Designated States (unless otherwise indicated, for every

(75) Inventors/Applicants (for US only): SHINOHARA, Ak- kind of regional protection available). ARIPO (BW, GH,

ihiro [JP/JP]; c/o KABUSHIKI KAISHA TOYOTA GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

CHUO KENKYUSHO, of 41 -1, Aza Yokomichi, Oaza ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

Nagakute, Nagakute-cho, Aichi-gun, Aichi-ken, 480-1192 TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

Japan (JP). HASEGAWA, Naoki [JP]JP]; c/o EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

KABUSHIKI KAISHA TOYOTA CHUO LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

KENKYUSHO, of 41 -1, Aza Yokomichi, Oaza Na- SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

gakute, Nagakute-cho, Aichi-gun, Aichi-ken, 480-1192 GW, ML, MR, NE, SN, TD, TG).

Japan (JP). KAWASUMI, Masaya [JP/JP]; c/o . )

KABUSHIKI ~ KAISHA  TOYOTA  CcHUQ FPublished:

KENKYUSHO, of 41 -1, Aza Yokomichi, Oaza Na- —  with international search report (Art. 21(3))
gakute, Nagakute-cho, Aichi-gun, Aichi-ken, 480-1192

(54) Titlee POLYMER ELECTROLYTE, MANUFACTURING METHOD FOR POLYMER ELECTROLYTE, IMIDE
MONOMER, AND BATTERY

(57) Abstract: A polymer electrolyte includes a fluorine-containing structure having an alicyclic 1,3-disulfonimide in a principal
chain or side chain of the polymer. A battery includes the polymer electrolyte. An imide monomer is able to introduce a fluorine-
containing structure having an alicyclic 1,3-disulfonimide into a principal chain or side chain of a polymer through a polymeriza-
tion reaction or a combination of a polymerization reaction and a fluorination reaction. A manufacturing method for a polymer
electrolyte includes a polymerization step of polymerizing a, raw material that includes one or two or more types of imide
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POLYMER ELECTROLYTE, MANUFACTURING METHOD FOR POLYMER
ELECTROLYTE, IMIDE MONOMER, AND BATTERY

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a polymer electrolyte, a manufacturing method
for the polymer electroiyte, an imide monomer and a battery. More particularly, thé
invention relates to a polymer electrolyte that has a high softening temperature, a high
oxygen permeability and a high proton. conductivity, a manufacturing method for the
polyrner electrolyte, an imide monomer that may be used as a rawimaterial of such a
polymer electrolyte, and a battery, such ‘as a vf-uel cell, a secondary battery and a solar

battery, that uses such a polymer electrolyte.

2. Description of Related Art

[00_02] A polymer electrolyte fuel cell includes a membrane electrode assembly

(MEA) as a base unit. The MEA is formed so that electrodes are combined to both

surfaces of a solid polymer electrolyte membrane. In addition, in.the polymer
electrolyte fuel cell, each electrode generally has a double layer structure formed of a

diffusion layer and a Catalyét layer. The diffusion layer supplies reaction gas and

electrons to the catalyst layer. Carbon paper, carbon cloth, or the like, is used as the

diffusion layer. In addition, the catalyst layer is a reaction field of electrode reaction.
The catalyst layer is generally formed of a complex of car’bon that supports an electrode
catalyst, Such as platinum, and a solid polyrher electrolyte (catalyst layer ionomer).

[0003] A high oxidation resistant fluorocarbon-based eléctrolyte (for example,
Nafion (trademark, produced by DuPont), Aciplex (trademark, produced by Asahi Kasei
Corporation), Flemion (trademark, produced by Asahi, Glass Co., Ltd.), or the like) 1s
generally used for the electrolyte membrane or catalyst layer ionomer that constitutes

such an MEA. In addition, the fluorocarbon-based electrolyte has a high oxidation

CONFIRMATION COPY
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resistance; however, it is generally considerably expensive. Therefore, in order to
reduce the costl of a polymer electrolyte fuel cell, usage of a hydrocarbon-based
electrolyte has_ also been studied.

[0004] However, in order to ﬁse a polymer electrolyte fuel cell as an in-vehicle
power source, of the like, there are some problems to be solvéd. For example, in order
to obtain high performance in a polymer electrolyte fuel cell, the higher operating
temperature of the fuel cell is desirable. For. this reason, the electrolyte membrane
desirably has a high heat resistance. However, there is a problem that an existing
fluorine-based electrolyte mefnbrane is low in mechanical strength at high tefhperatures.
In addition, in order to spread the use of a fuel‘cell vehicle, cost reduction of a fuel cell is
a challenge. F‘or this reason, the amount of platinum used for the catalyst needs to he
reduced. In order to reduce the amount of platinum,' development of a catalyst layer °
ionomer having a high proton conductivity and a high oxygen permeability is required.

[0005] Then, in order to solve thé’ above problems, various suggestions have
been offered. For example, International Application Publication No. W02005/096422
describes a synthesis method for monomers having an alicyclic structure and a synthesis

method for a copolymer usihg these monomers. W02005/096422 describes that a

copolymer that has a high softening temperature and that allows high temperature

operation is obtainable by introducing an acid radical into an alicyclic monomer. In

addition, Japanese Patent Application Publication No. 2007-204599 (JP-A-2007-204599)

~ describes a manufacturing method for a five-membered ring structure or a six-membered

ring structure that is obtainable by subjecting diallylamine to radical polymerization.

[0006j | In addition, yarious suggestions have also been offered for not |
eleétrolytes but chemical compounds having a ring structure, chemical compounds used
to form a ring structhre and manufacturing methods for the compounds. For example,
Research Report of Asahi Glass Co., Ltd., 2005, Volx. 55, p47-5:1, (Transparent
Fluororesin "Cytop" - Research for Basic Properties and Polymerization Rate of

Perfluorodiene) describes a synthesis of Cytop through a cyclization reaction of BVE and

its applications. In addition, Japanese Patent Application Publication No. 2008-230990
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(JP-A-2008-230990) - describes a ‘synthesis method for a cyclic sulfonimide that is
obtainable by feacting a chemical compound having an SO,F group at both terminals
with ammoniﬁm carbonate. In addition, International Application PublicatiQn No.
W02006/106960 describes a synthesis method for FO,SCFCICFCISO,F and a synthesis
method for évcyclic disulfonimid_e using FOZSCFCICFClsozF. In addition, Canadian -
Journal of Chemistry, 2004, 82, | 1186-1191.' describes a method of obtaining a
fluorine-containing Vinyiidene group (>C=CF;) by reacting PPh; and‘ CFBQ with a
ketone group (>C=O): In addition, Japanese Patent Application Publication No.
2004-18429 (JP-A-2004-18429) describes a method in which CFCI=CFCI is added to a
-OF group and is th_en reduced. Furthermor’e, Zhurnal Organicheskoi Khimii, 1983, 1.9,
1343-1344 describes a syﬁthesis method for a chemical compound having a kvetone group
and two 'SOzF gfoups. , |

- [0007] In order to improve the efficiency of a fuel cell, a higher operating
te’mpe.rature is desirable. For this reason, an eiectrolyte membrane and a catalyst layer
ionomer need to have a high softening temperatﬁre. In addition, in drder to facilitate a
cathéde-side electrode reaction, oxygen and protons need to be efﬁéiently suppliéd toa
catalyst covefed with the catalyst layer ionomer. For this reason, a cathode-sidie catalyst

layer ionomer needs to have a high oxygen permeability and a high pfoton conductivity.

~ However, there is no example that suggests a polymer electrolyte having a high softening

temperature, a high oxygen permeability and a high proton conductivity. In addition,
there is no example that suggests a monomer suitable for manufacturing such a polymer

electrolyte.

SUMMARY OF THE INVENTION
[0008] | The invention provides a polymer electrolyte that has a high softening
temperature, a high oxygen permeability and a high proton conductivity and a
manufacturing method for the polymer electrolyte. In addition, the invention provides
an imide monomer that may be used as .the réw material of such a polymer electrolyte.

Furthermore, the invention provides a battery, such as a fuel cell, a secondary battery and
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a solar battery, that uses such a polymer electrolyte. ‘

[0009] A ﬁrsf aspect of the invention ‘rellates to a polymer electrolyte. The
vpolymer elecfrolyte includes a fluorine-containing structure having an alicyclic
1,3-disulfonimide in its principal chain or side chain. The polymer electrolyte according
to the first aspecf of the invention may have a structure exbressed by vany one of the

following structural formulas (1.1)to (1.4)..

(CRR'?\:- : f{cna‘)s-. : (.
028  soz2

~
- NX

N
WP\‘E%FZ{}T |
(CRR' )¢’ (CRR')s : 1.2
| E '
028 = 50z
CNX | )

Q

- ~~C F~ , .
(CRR")r .'(!'OR‘R*)B R (1.3)

(CRR')r (CRR')s (1.4
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where 1, s and t each are an integer larger than or equal fo 0; n is an integer larger than or

equal to 1§ P is a direct bond, a first perfluorocarbon or a hydrocarbon, and the first
perfluorocarbon or the hydrocarbon each may include an ether bond and/or é sulfonyl
bond; R and R’ each are fluorine or a second perfluorocarbon having a carbon number of
1 to 10, the second perfluorocarbon may include an ethe_r bond and/or a sulfonyl bond,
and Rvand R' may be the same or may be different from each other in a ﬁng structure; X

is hydrogen, an alkali metal or a cation that forms a salt with 1,3-disulfonimide; and Q is

2 direct bond, oxygen or a third perfluorocarbon having a carbon number of 1 to 10, and

the third p_erﬂuorocarbbn may include an ether bond and/or a Sulfonyl bond.

[0010] A second .aspect of the invention relates to an imide monomer. The
imide monomer is able to introduce a fluorine-containing structﬁre having an alicyclic‘. |
1,3-disulfonimide into a‘ principal chain or side -chain of ‘a polymer through a V
pblymerization reaction or a combination of a polymerization reaction and a fluorination
réaction. The imide monomer according to the second aspect may have a structure

¢xpressed by any one of the following structural formulas (3.1) to (3.5).
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where 1, s and t each are an integer larger than or equal to 0; R and R’ each are fluorine or
a second per_ﬂuorocarbon having a carbon number of 1 to 10, the second perfluorocarbon
may include an ether bond and/or a sulfonyl bond, and R and R' may be the same or may
be different from each other in a molecule; X is hydrogen, an alkali metal or a cation that
forms a salt with 1,3-disulfonimide; Q is a direct bond, oxygen or a third perfluorocarbon
having a carbon number of 1 to 10, and the thifd perfluorocarbon nﬂay include an ether
bond and/or a sulfonyl bond; aﬁd R" is hydrogen or a hydrocarbon having a carbon
number of 1 to 10, and R" inay be the same or rriay be different from each other in the
molecule. |

[0011] A third aspect of the invention relates to a manufacturing method for a
polymer electrolyte. The manufacturing method includes a polymeriization, step of
polymerizing a raw material that includes one or two dr more types of imide monomers
that are able to introduée a fluorine-containing structure having an alicyclic
1,3-disulfonimide into a principal chain or side chain of a polymer through a
polymerization reaction or a combination ofa polymerization reaction and a fluorination
reaction. The one or two or more types of imide monomers evach may have a structure
expressed- by any one of the above described structural formulas (3.1) to (3.5)..
Furthermore, a fourth aspect of the invention relates to a battery. The battery includes
the polymer electrolyte according to thé first aspect of the invention.

[0012] The polymer electrplyte according to the aspécts of the invention has an |
alicyclic structure in its molecule; so the polymer eiectrolyte has a high sdftening
temperature. Therefore, when the polymer electrolyte is used for a fuel cell, the fuel cell
may be operated at high temperatures. In addition, the oxygen permeability of_ the
polymer electrolyte improves by intfoducing an alicyclic étructure into the molecule.
Furthermore, a sﬁlfon‘imide group (-SO,NHSO,-) included in a fluorine-containing
structlure having (\an alicyclic 1,3-disulfonimide functions as a strong acid group..
Therefore, when the ﬂuoriﬁe-containing structure 1s introduced into a principal chain or
side chain of a polymer, the proton conductivity of a polymer electrolyte may be |

enhanced while high oxygen permeability is maintained.
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DETAILED DESCRIPTION OF EMBODIMENTS

1. Polymer electrolyte

1.1. Composition

[0013] A polymer electrblyte according to a ﬁrs;[ embodiment of the invention
includes a fluorine-containing structure having an alicyclic 1,3-disulfonimide in its
principal chain or side chain. Here, the "fluorine-containing structure having an
alicyclic 1,3-disulfonimide" has a ring structufe of which both terminals of a
disulfonimide (-SOzNHSOz-) are linked via at least one carbon atom and which is linked
with a chain pérﬂuorocarbon. - The ring structure may be formed so that part of the ring
conétitutes part of the chain perﬂuorocarbon.‘ Alternatively, the ring structuré may be
bonded with .the chain perfluorocarbon via another structure (for example, structure Q
described later). The structure of the chain perfluorocarbon is not specifically limited; it
may be any one of a linear structure and a branched structure. |

[0014] The ﬂuorine-containing structure having an alicyclic 1,3-disulfonimide
(hereinafter, also simply referred to as "alicyclic imide étr_ucture") may be bonded with
any one of a principal chain-o'r side chain of the polymer. In addition, the polymer
electrolyte may include only one type of alicyclic imide structure or may include two or
more types of alicyclic structures in its principal chain or side chain. Furthermore, the
polymer electrolyte may be formed (;f only a repetition of only an alicyclié imide
structure. Alterhatively, the polymer electrolyte may be formed so that an alicyclic
imide structure and another structure. (structure P described later) are alternately or
randomly bonded with each other.
1.2. Specific Example

[0015] The polymer electrolyte according to a specific example of the invention
just needs to include atvleast one alicyclic imide structure in its principal chain or side
chain, and the structure of the other portioﬁs is not specifically limited. Examples of the -
polymer electrolyte are expressed by the folldwing structural formulas. (.1.1) to (1.4).

Note that, in the structural formulas (1.1) to (1.4), the "alicyclic imide structure" means a
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portion, other than the structure P, in each of the structural formulas (1.1) to (1.4).

(1.1

(CRR')r” (CRR')s . (‘.I&Z,)'
v. - i :
028 S02

(CR R'}ir. | (ic RR')s o 1.3
028 SO2 |

(CRR')r (CRR")s | A
\ ' 7 {1.4)
028 = SOz

N X

where 1, s and t each are an integer larger than or equal to 0; nis anvinteger larger than or
equal to 1; P is a direct bond, a first perfluorocarbon or a hydrocarbon, and the first
perfluorocarbon or the hydrocarbon each may include an ether bond and/or a sulfonyl
bond; R and R’ each are fluorine or a second perfluorocarbon having a carbon number of

1 to 10, the second perfluorocarbon may include an ether bond and/or a sulfonyl bond,
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and R and R' may be the same or may be .different from each other in a ring structure; X

is hydrogen, an alkali metal or a cation that forms a salt with 1,3-disulfonimide; and Q is

~a direct bond, oxygen or a third perﬂuorocérbon having a carbon number of 1 to 10, and

the third perfluorocarbon niay include an ether bond and/or a sulfonyl bond.
1.2.1. Regardiﬁg "r, s and t" |

[0016] | In the structural fofmulas (1.1) to (1.4), 1, s and t each are an integer
larger than or equal to 0. 1, s and t are associated with a carbon number incorporated in
a ring structure. - Generally, as at least any one of 1, s and t increases, the diameter of the
ring structure increases, sb the oxygen permeability improves. :On the other hand, as at
least any one of r, s and t excessively increases, the number.(')f sulfonimide groups per
unit vyeight_reduces, so the proton conductivity decreases. In the polymer elect_rol}?te’
having the structure expressed by the structural formula (1.1), in order to achieve both
high oxygen permeability and high proton conductivity, the sum of r and s is desirably
larger than or equal to 0 and smallef than or équal to 5, and is mbre .desirably larger than
or equal to 0 and smaller than or equal to 2. " In the polymer electrolyte hav‘ing the

structure expressed by the structural formula (1.2), in order to achieve both High oxygen

permeability and high proton conducﬁvity, the sum of r and s is larger than or equal to 0

and smaller than or equal to 6, and is more desirably larger than or equal to 0 and smaller
than or equal to 3. ~ In the polymer electrolyte having the structﬁre expressed by the
structural formula (1.3), in order fo achieve both high oxygen permeability and high
proton conductivity, the sum of r and s is larger than or equal to 0 and émaller than or
equal to 6, and is more desirably larger than or equal to 0 and smaller than or equal to 3.

Furthermore, in the polymer electrolyte having the structure expressed by the structural

formula (1.4), in order to achieve both high oxygen permeability and high proton

conductivity, the sum of r and s is larger than or equal to 0 and smaller than or equal to 5,
and is more desirably larger than or equal to 0 and smaller than or equal to 2.
1.22. Regarding "n"

[0017] In the structural formulas (1.1) to (1.4), n is an integer larger than or

N equal to 1. n indicates the number of repetitions of the alicyclic imide structure. n is
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not specifically limited, and it may be arbitrarily selected depending on a purpose.
When the polymef elect;olyte includes both an alicyclic imide structure and a structure Pv
other than a direct bond, the polymer electrolyte is a so-called copolymer. In addition,
when the polymer electrolyte includes an alicyclic imide structure and a structure P other
than a direct bond and both the molecular weight of the alicyélic imide structure and the
molecular weight of P are reiatively large, the polymer electrolyte is a so-called
blockcopolymer. In thei specific example of the invention, the "blockcopolymer"” is a
polymer that is formed of a segment A formed of an alicyclic 1,3-disulfonimide poﬁion
and a segment B formed of P and each of the molecular weight of the segment A and the
molecular weight of the segrhent B is larger than or equal to 1x10°. Each ofl the
molecular weight of the segment A and the molecular weight of the segment B is more |
desirably larger than or eqﬁal to 2x10°. -
1.2.3. .Regarding "P"

[0018] In the structural formulas (1.1) to (1.4), P denotes a direct bond, a ﬁrst
perﬂubrocarbdn or a hydrocarbon. The first perﬂuorocarbon or the hydrocarbon each
may iﬂclude an ether bond and/or a sulfonyl bond. When Pis a first perjﬂuorocarbo.n or

a hydrocarbon, the structure and molecular weight of P are not specifically limited, and

may be arbitrarily selected depending on a purposé. For example, when P is a first

perfluorocarbon, the structure of P may be any one of a linear structure and a branched

structure.  Similarly, when P is a hydrocarbon, the structure of P rﬁay be any one of a
linear structure and a branched structure.

[0019] When the pol_ymer electrolyte is a copolymer, P is desirably a first
perfluorocarbon in order to improve the radical resistance of the polymer electrolyte. In
this case, the molecular weight of P is not specifically limited, and it may be arbitrarily
selected depending on a purpose. On the o_ther hahd, when the polymer electroiyte is a
blockcopolymer, the alicyclic imide structures tend to be associated with one another to
form a large cluster. A radiéal is mainly present in a cluster of the -alicyclic irrﬁde

structures, so the structure P does not need to be a first perfluorocarbon in order to

- improve the radical resistance of the polymer electrolyte. In the case where the polymer
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electrolyte is a block_copolyrher, when a hydrocarbon is used as the structure P, the cost of
the polymer electrolyte méy be redﬁced without decreasing the radical resiStanCe of the
polymer electrolyte. |

['0020] . When P is a first pgrﬂuorOcarbon, specifically, P is desirably any one of
the structures expressed by the following structural formulas (2.1) to (2.6). In this case,
the polymer electrolyte may ihclude aﬁy one of the structural formulas (2.1) to (2.6) or

may include any two or more of the structural formulas (2. l) to (2.6).

—E—c F2—cC F‘Z—E}—n; @1n —E—c r—'zmc F—]- ' | _(2.2)

. - : ,. r _ /R3.-} .
tyrerk ek |
o><o @3 | 0, CFz (2.4)
flry | < |
» R1 R2
%<C Fz-}— | : . /C F_—-—'C\F -
R1 Rq Rt : R4
R2 R3

R2 R3

where m is an integer larger than or equal to 1; R; to R4 each are fluorine or a fourth
perfluorocarbon having a carbon number of 1 to 10, and the fourth perfluorocarbon may
include an ether bond and/or a sulfonyl bond.

[0021] m indicates the number of repetitions of .the first perfluorocarbon. m is

ot specifically 'limited,' and it may be arbitrarily selected depending on a purpose.

When the polymer electrolyte includes an alicyclic imide structure and a structure P other
than a direct bond, the polymer electrolyte is a so-called copolymer. In addition, when -

the polymer electrolyte includes an alicyclic imide structure and a structure P other than a

~direct bond and both the molecular Weight of the alicyclic imide structuré and the

molecular weight of P are relatively large, the polymer electrolyte is a so-called

blockcopolymer.
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[0022] As the carbon number of the fourth perfluorocarbon increases, the
oxygen permeability increases. On the other hand, as the carbon number of the fourth

perfluorocarbon excessively increases, the proton conductivity decreases. Thus, the

- carbon number of the fourth perfluorocarbon is desirably larger than or equal td 1 and

smaller than or equal to 10. The structure of the fourth perfluorocarbon is not
specifically limited, and may be any one of a linear structure and a branched structure.
[0023] When P is a hydrocarbon, specifically, the hydrocarbon is desirably (1)
polyethylene  (-(CHy)n-), (2) polycyclohexane (-(CeHg)n-),  (3) polystyrene‘
(-[CH(CsHs)-CH]a-), (4) polyparaphenylene, pélyetheretherketone, or the like. In this

. case, P may be ariy one of the above described hydrocarbons or may be a combination of

any two or more of the above described hydrocarbons. Furthermore, P may be 4

combination of one or two or more of first perfluorocarbons and one or two or more of

~ hydrocarbons.

1.2.4. Regarding "R and R™

[0024]  In the structural formulas (1.1) to (1.4), R-and R’ each are fluorine or a>
second perﬂuorocarﬁon having a carbon number of 1 to 10. The second
perfluorocarbon may include an ether bond and/or a sulfonyl bond. R and R' may be the
same or may be different from each other in the ring structure. |

[0025] As the carbon number of the second perﬂuoroéarbon increases, the
oxygen permeability increases. On the other hand, as the carbon number of the second
perfluorocarbon excessi\;ely increases, the proton conductivity decreases. Thus, the
carbon number of the second perfluorocarbon is desirably larger than or equal to 1 and
smaller than or equal to 10. The structure of the second perfluorocarbon is not
speciﬁcglly limitéd, and may be any one of a linear structure and a branched structure.
1.2.5. Regarding "X" | |

[0026] In the structural formulas (1.1)to (1.4), X is hydrogen, an alkali metal.or
a cation that forms a salt with 1,3-disulfonimide. The alkali metal is desirébly Li, Na or
K. In addition, the cation is desirably NH,", NHEt3+, NH(-Pr),Et", or the like.
1.2.5. Regarding "Q"
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[0027] In the structural formula (1.3), Q is a direct bond,‘ oxygen or a third
perfluorocarbon having a carbon number of 1 to 10. The third perﬂubrocarbdn may
include an ether bond and/or a sulfonyl bond. As the carbon number of the third
perfluorocarbon increases, the oxygen permeabilit}; increases.  On the other hand, as the
carbon number of the third - perfluorocarbon excessiVely increases, the proton
conductivity decreases. .Thus, the carbon number of the third perﬂuorocafbon is
desirably larger than or equal to 1 and smaller than or equal to 10. The structure of the
third perfluorocarbon is not specifically lirﬁited, and may be ény one of a linear structure
and a branched structure. Particularly, Q is desirably oxygeﬁ. This is because steric
hindrénce is eliminated to make it possible to enhance the dégree of polymgrization.

2. Imide Monomer |
21, Composition

[0028]  An imide monomer accdrding to a second embodiment of the invention

is able to introduce a ﬂuorine—containing structure having an alicyclic 1,3-disulfonimide

into a principal chain or side chain of a polymer through a polymerization reaction or a

‘combination of a polymerization reaction and a fluorination reaction. The imide

monomer has a polymerizable functional group. The'polymer’izab'le functional group is,
for example, a carbon-carbon- double bond, a carbon-carbon triple bond, an amide, a
‘sulfon‘yl halide, an alcohol, ‘a lactone, a lactam, iodine, or the like. »The imide monomer
Just needs to be able to introduce an alicyclic imide structure into a principal chain or side
chain of a polymer at the time when a polymerization reaction ends or at th_c time when a
combination of a polymerization reaction and a fluorination reaction ends. Thus, the
molecule of the imide monomer may include in advance an alicyclic imide structure or a
ring structure (precursor) that becomes an alicyclic imide structure through a fluorination
rea<‘:tion. Alternatively, the imide monomer may be the one such that the polymerizable
functional group is cleaved to form an alicyclic imide structure or a precursor of the
alicyclic imide structure.

2.2 | Specific Example

.[0029]  An imide monomer according to a specific example of the invention just
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needs to be able to introduce at least one type of alicyclic imide structure into a principal
chain or side chain of a polymer, and the structure of the other portions is not specifically
limited. Examples of the imide monomer according to the second embodiment of the

invention are expressed by the following structural formulas (3.1) to (3.5). The imide

monomers expressed by the struc_tural formulas (3.1) to (3.4) introduce an alicyclic imide

structure into a ‘principal chain or side chain of a polymer at the time when a
polymerization reaction ends. Note that the details of r, s, R, R', X and Q are as

described above, so the description thereof is omitted. The imide monomer expressed

_ by the structural formula (3.5) is subjected to a polymerization‘reaction"and then further

subjected to a fluorination reaction to thereby introduce an alicyclic imide structure into a

principal chain or side chain of a polymer. In the structural formula (3.5), R" denotes

hydrogen or a hydrocarbon. In the case where R" is a hydrocarbon, when it is subjected

 to fluorination, as the carbon number of the fluorinated perfluorocarbon (R, R') increases,

" the oxygen permeability increases. On the other hand, as the carbon number of R"

excessively increases, the proton conductivity of the fluorinated perﬂuorocarbon (.R, R"
decreases. - Thus, in the case where R" is a hydrocarbon, the carbon number is desirably

1to'10.
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(3. 4)

3.6)

where r, s and t each are an integer larger than or equal to 0; R and R' each are fluorine or

a second perfluorocarbon having a carbon number of 1 to 10, the second perfluorocarbon:

may include an éther bond and/or a sulfonyl bond, and R and R' may be the same or may
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be different from each other in a molecule; X is hydrogen, an alkali metal or a cation that
forms a salt with 1 ,3-disulf0nimide; Q is a direct bond, oxygén or a third perfluorocarbon

haVing a carbon number of 1 to 10, and the third perfluorocarbon may include an ether

bond and/or a sulfonyl bond; and R" is hydrogen or a hydrocarbon having a carbon

number of 1 to 10, and R"' may be the same or may be different from each other in the
molecule.
3. Manufacturing Method .for Polymer ele(;,trolyte
3.1. Polymerization Step

[0030] A manufacturing method for a polymer electrolyte according to a third
embodiment of the invention inéiudes a polymerization step of | polymerizing a raw

material that includes one or two or more types of imide monomers that are able to

‘introduce a fluorine-containing structure having an alicyclic 1,3-disulfonimide into a
‘principal chain or side chain of a polymer through a polymerization reaction or a
~ combination of a polymerization reaction and a fluorination reaction.

3.1.1. Raw Material

[0031] The réw material just needs fo include at least one type of imide
monomer. The details of the ifnide monomer are as described above,-s‘o the description -
thereof is omitted. The raw material is specifically (1) a raw material that includes one
or two or more types of imide monomers orﬂy, (2) a raw material that includes one or two
or more types of imide monomers and one or two or more types of second monomers

having a polymerizable functional - group (hydrocarbon-based ~monomers or

- fluorocarbon-based monomers); (3) a raw material that includes one or two or more types

of imide monomers and one or two or more types of second polymers having a .

'polymerizable functional group (hydrocarbon-based polymers or - fluorocarbon-based

polymers), (4) a raw material that includes one or two or more types of imide monomers,
one or two or more types of second monomers havi.ng a polymerizable functional group
and one or two or moré types of second polymers having a polymerizable functional
group, or the like. |

[0032] | When a copolynier of which P is a first perfluorocarbon is synthesized, a
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fluorocarbon-based monomér is used as a second monomer. In addition, when a{
blockcopolymer of which P is a first perfluorocarbon is sjnthesized, a ﬂuéro'carbon-based
monomer is used as a'second monomer or a ﬂuorocafbon-bése‘d polymer is used as a
sécond polymer. The ﬂuorécérbon-bésed monomer is specifically, for example, any one
of the monomers expreséed l;y the following structural formulas (4.1) to (4.6). The
second. monomers expressed by the structural formulas (4.1) to (4.6) are commercially
available or may be manufactured using commercially available chemical compounds
through a “k.nown method. The fluorocarbon-based polymer is specifically, for example,

a polymer obtained by polymerizing any one of the monomers expressed by the structural

-formulas (4.1) to (4.6) or a blockpolymer obtained through iodine migration

polymerization (for example, see J apaneée Patent Publication No. 58-4728). |

CF2=CF2 | 4.1 CFz=CF—RI 4.2
| | R3
CF=CF - C P=(
/N - [
O><O . 4.3 o) CF2 4.4
Ri R2 | - |
3 | R1 R2
CF2 - -
)K | ' A
o o 45 "0 o @8
R‘HR‘ | | thl { Re

R? R3 » . . R2 R3

where R]' to R4 each are fluorine or a fourfgh perﬂuorocari)on having a carbon number of 1
to 10, and the fourth perﬂuorocarbon may vin‘clu.d'e an ether bond and/or a éulfohyl bond.
The details of R) to Ry are as described above, so the description thereof is omitted.
[0033] _Whén .é copolglr'ner of which P is a hydrocarbon is synthesized, a
hydrocarbon-based monomer is used as a second monomer. In addition, when a
blockcopolymer of which P is a hydrocarbon ié synthesized, a hydrocarbon-based
monomer is used as a second monomer or a hydrocarbon-based polymer is used as a

second polymer. The hydrocarbon-based monomer is specifically, for example, ethylene
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(CH,=CH,), styrene (CH(C¢Hs)=CH;) or cyclohexene (CH(Ce¢H;;)=CH,). - The
hydrocarbon-based polymer - is speciﬁéal_ly, for example, polyparaphenylene,
polyetheretherketone or polystyrene. These hydrocarbon-based monomers and
hydrocarbon-based polymers are commercially available or rhay be manufactured using
commercially available chemical compounds through a known method.
3.1.2. | Polymerization Method

[0034] A polymerization method for an imide monomer and a second monomer
or second polymer that is added where necessary is not specifically limited, and a known. :
method may be used. The polymerization method is, specifically, for example, radical-
polymerization, plasma polymerization, bulk polymerizati_‘oh, solution polymerization,
suspenéion polymerization, emulsion polymerization, miniemulsion polymerization or -
microemulsion polymerization. For example, when a raw material that iﬁcludeé one of
two  or more types of imide monomers only is polymerized, a polymer electrolyte in
which the same or different alicyclic imide structures ére bonded with each other is
obtained. In addition, for example, when one or two or more types. of imide monomers
and one or two or more types of second monoﬁlers having a polymerizable functional
group are copolymefized, a copolymer in which alicyclic imide structures are bonded via

a perfluorocarbon or a hydrocarbon is obtained. In addition, for example, when one or

two or more types of imide monomers and one or two or more types of

ﬂuorocarbc')n-based polymers or hydrocarbon-based polymers having a polymerizable
functional group are blbck copolymerized, a blockcopolymer in which an alicyclic imide
structure  having a large molecular weighf and a fluorocarbon-based polymer or
hydrocarbon—based polymer having a large molecular weight are bonded with each other
is obtained.
3.2.. Fluorination Step

[0035] A>s in the case of the imide monomer expressed by fhe stfuctural formula
(3'.5); depending on the type of imide monomer, a precursor of an alicyclic imide
structure may be introduced into a polymer chain at thé time when a polymerization

reaction ends. In such a case, a fluorination reaction needs to be performed after a
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polymerization reaction ends. A method for a fluorination reaction is not specifically
limited, and a known method may be used. An example of the reaction formula in
which the imide monomer expressed by.the structural férmula (3.5) is subjected to
ring-opening .metathesis polymerization (ROMP) and then subjected to a fluorination

reaction is expressed by the following formula (a).

—— b
i
| (/cR"fR")s
028 ] S02 : ‘ 028 : XeY '
| **E—C F2 " CF2—1—
FLUORINATION : (CRR')t Jn
_— - (CRR))r (/ RRY)s = ---(a)
| | ozs S0z
'\N X/

4. Manufacturing Method for Imide Monomer

.[0036]' The imide monomer according to the second embodiment of the
invention may be manufactured by various methods. For example, the imide monomer
that is expressed by the structural formula (3.1) and that satisfies r = s - 0 (that is, a
divihylsulfonimide) may be synthesized in accordance with the following formula (5.1).
That is, the -~ equivalents of  trifluoroethenesulfonyl fluoride and
trifluoroethenesulfonamide are mixed, and then two equivalents of triethylamine are
added to cause a reaction. By so doing, divinylsulfonimide may be synthesized.

Alternatively, ammonia or an ammonium salt, such as ammonium carbonate, is caused to

‘act on vinylsulfonyl fluoride to thereby make it possible to synthesize divinylsulfonimide.
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CF2=CF CF2=CF CFz=CF CF=CF2
+ g ‘
SO02F SO2NH2 028 802

o ' N X -

, , 5.1
CF2=CF

\ -+ NH3

2 S0O2F

[0037] In addition, the imide monomer that .is expressed by the structural

formula (3.3) and of which (CRR"), and (CRR') each are CF-CF; (that is, cyclic '

1,3-disulfonimide having a perfluorovinylidene structure) .mavy be synthesized in

accordance with the following formula (5.2). That is, ammonia or an ammonium salt,

such as ammonium carbonate, is caused to act on bissulfonyl fluoride having a ketone to

thereby make it possible to synthesize _cyclié 1,3-disulfonimide. Furthermore, PPh; and

CF,Br;, are caused to act on the cyclic ~1,3-disulfonimi_dé to thereby make it possible to

. synthesize a cjfclic 1,3-disulfonimide having a perfluorovinylidene structure.

. 9 |
FO28 ~ /lk ~S02F + NH3 »

CF CF
CF3 CF3 . _
A 5.2
o - F F ‘
C Fa_ )k _CcF3 PPl CFiBrz C Fi~ I _CF3
CF CF : - ?F ?F _
o228, _.S02 . 028, _SO2
N X , N X

[0038] In- addition, the imide monomer that is expressed by the structural
formula (3.2) and that satisfies r = s = 0 '(that is, cyclic 1,3-disulfonimide having a
Vinylen¢ group) may be synthesized in accordance with the following forfnula (5.3).
That is, ammonia or an ammonium salt, such as ammonium carbonate, is caused to act dn'
1,2-dichloro-1,2-difluoroetane-1,2-sulfonyl fluoride to make it possiblevto synthesize a
cyclic 1,3-disulfonimide. Furthermore, the cyclic 1,3-di$ulfonimide\is reduced by zinc,

or the like, to make it possible to synthesize a cyclic 1,3-disulfonimide having a vinylene
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group.
FF | | F F .
cCi cl - cl Cl
+ NH3 |
FO28 SO2F 028\ /Soz
' N X
Zn F‘/\ (? '
(5.3)
- O18 SOz
N X :

- [0039] In addition, the imide monomer that is expressed by the structural
formﬁla (3.4) and of which (CRR'), and (CRR')s each are CF; and Q is oxygen (fhat is,

5 cyclic 1,3-disulfonimide having a vinyl group)‘ may be syﬁthesized in acco.rdance with
the foilowing formula (5.4). That is, a cyclic l,3-disulfdr_1imide obtained by the same
method as that of the formula (5.2) is reduced using Hy/Pt into an alcohol. ‘SubseQuently,

the alcohol is ﬂuorinated using F, and KF. CFC{1=CFC1 1s added to the ﬂuoride, and, |
furthermore, -FCI-CF,Cl is reduced to thereby make it possible to synthesize a cyclic

10  1,3-disulfonimide having a vinyl grohp. \

O

., N

CF2 ?Fz + H2/Pt - CFIz GF2
0z8. ' SOz - '
“Nx | 028, S0
_‘ F_ OF |
Fz KF > CFCI=CFCI
—_—— CF2 CF2 _ -
028 _SO2
N X
FC!ﬁ:——CcmE FCECFZI
7 S
|
CF
: - - GCF
cFz” TCF2 cF2” TCF2 6.4
028, .80z ozé\ S0z
N X , N X

[0040]  In addition, the imide monomer expressed by the structural formula (3.5) -
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may be, for example, synthesized in accordance with the following formula (5.5). The
same applies to the other imide monomers, and the other imide monomers may be

synthesized by the same procedure as that of the above method.

- , : - ' so‘a.N»a
1/\/\/ C Naois” N NP ,

' CHLORINATION ' CYCLIZATION
i - SQz2C
cloas” SN 7 0 —
ci ¢l
CHLORINATION - | | ELMINATION 77\
so2. ,SO2 | so2. ,S02 soz. S0z
' N X N X - TUUNX
7 N\ DIELS-ALDER REACTION - _
' + == - ' (5.5)
S02, S22 502, .s02
N X ’ NX
5
5. Battery

[0041] A battery according to a fourth embodiment of the in§ention includes the
polymer electrolyte according to the first embodiment of the invention. The battery that
~ uses the polymer electrolyte according to the first embodiment of the invention is_.

10  specifically (1).a fuel cell that uses the polymer electrolyte according to the first
embodiment 'df the invention for an electrolyte membrane and/or a catalyst layer ionomer,

(2) a secondary battery that uses the polymer electrolyte according to the first
embodiment of the invention for a solid electrolyte, (3) a solar battery that uses the
polymer electfolyte according to the first embodiment of the in\}ention for a solid

15  electrolyte, or the like.. When the polymer electrolyte according fo the first embodiment
of the inveﬁtion is used for a secondary battery, it is advantageous that the durability
improves, the lithium conducti{/ity improves and leakage of liquid is also suppressed. In
addition, when the polymer electrolyte according to the first embodiment of the invention

is used for a solar battery, it is advantageous that the durability improves and leakage of
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liquid is alSo suppfessed. ,
6. Operations of Polymer electrolyte, Manufacturing Method for Polymer electrolyte,
Imide Monbmer and Battery |

[0042] The polymer electrolyte according to the first embodiment of the
invention includes an alicyclic structure in its molecule, so the softening temperature
increases. Therefore, when the polymer electrolyte is used for a fuel cell, the fuel cell
may be operated at high temperatures. In addition, the alicyclic structure is introduced
into the molecule, so the oxygen perrheaBility of the polymer electrolyte is improved.
Furthermore, a sulfonimide group (-SO,NHSO,-) included in a .ﬂuorine-containi'ng
structure having an alicyclic 1,3-disulfonimide functions as a strong acid group.
Therefore, when the ﬂuorihe-containing étructﬁre is introduced into aprincipal chain or
side éhain of a polymer, the proton conductiv.ity of a polymer electrolyte»may be
enhanced while high oxygen permeability is maintained.

{0043].  The embodiments of the invention are described in detail above; however,
the aspects of the invention are not limited to the embodiments described above. The

embodiments of the invention may be modified into various forms without departing

~ from the scope of the invention.

1 [0044) The polymer electrolyte according to the 'ﬁrst embodiment of the .
invention and the manufacturing method for the polymer electrolyte may be used for (1)
an electrolyte membrane and a catalyst layer ionomer that are used for various
electrochemical devices, such as a polymer electrolyte‘ fuel cell, a water électrolysis

device, a-hydrohalic acid electrolySis device, a common salt electrolysivs device, an

oxygen and/or hydrogen concentrator, a humidity sensor and a gas sensor, (2) a solid

electrolyte of a secondary battery, and (3) a solid electrolyté of a solar battery, and a
manufacturing method therefor.  The imide monomer according to the second
embodiment of the invention may be used as a raw material for manufacturing such a

polymer electrolyte.
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CLAIMS:

1. A polymer electrolyte comprising a ﬂuorihe-containing structure having an

alicyclic 1,3-disulfonimide in its principal chain or side chain.

2. The polymer electrolyte according to claim 1, wherein the polymer electrolyte -

has a étruc_tu_re expressed by any one of the following‘ structural formulas (1.1)to (1.4).
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018  S09

CLLES T?Rﬁ')va" IR (¥
o028  §02 |

N X

(GRR )t

,—GP-——EGF C;F—]—

(CRR__}r (cm?z )s | (1. 4)

N /
028 S0O2
~

N X

where 1, s and t each are an integer larger than or equal to 0; n is an integer larger than or
~equal to 1; P is a'direc~t bond, a first perfluorocarbon or a hydrocarbon, and the first
perfluorocarbon or the hydrocarbon each may include an ether bond and/of a sulfonyl
bond; R and R' each are fluorine or a second perfluorocarbon having a carbon number of

1 to 10, the second perﬂﬁorocvarbon may include an ether bond and/or a sulfonyl bond,
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and R and R' may be the same or may be different from each other in a ring structure; X
is hydrogen, an alkali metal or a cation that forms a salt with 1,3-disulfonimide; and Q is
a direct bond, oxygen or a third perfluorocarbon having a carbon number of 1 to 10, and

the third perfluorocarbon may include an ether bond and/or a sulfonyl bond.

3. The polymer electrolyte according to claim 2, wherein the P has a structure

| expressed by any one of the following structural formulas (2.1) to (2.6).

-—E—C F2~—C f-"z—]—m- | | Q. *EC F2—? ?3; 2.2
| ' . R1 '

o e | C.__ R
“[“}"F C\F&? - 7S N
O O 29 o0 CFz @49
R1~ Rz | R>§ L
: . : o 1 2
Lok fer—crd:
s | N 2.6
| ) / 2.9 ' >,—|< , g
Ri R4 o Ri Re R3 RQ '
. R2 R3 ' :

where m is an integer larger than or equal té 1; Ry to R4 each are fluorine or a fourth
perfluorocarbon having a carbon number of 1 to 10, and the fourth perfluorocarbon may

include an ether bond and/or a sulfonyl bond.

4. The polymer electrolyte according to claim 2, wherein the P is the hydrocarbon,
and the polymer electrolyte is formed of a blockcopolymer of the P and the

fluorine-containing structure having an alicyclic 1,3-disulfonimide.

5. An imide monomer that is able to introduce a fluorine-containing structure
having an alicyclic 1,3-disulfonimide into a principal chain or side chain of a polymer
through a polymerization reaction or a combination of a polymerization reaction and a

- fluorination reaction.
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6. The imide monomer according to claim 5, wherein the imide monomer has a

structure expressed by \any one of the following structural formulas (3.1) to (3.5).
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Q.1

(3.2)

3.3

(3.4

3.5

where r, s and t each are an integer larger than or equal to 0; R and R’ each are fluorine or
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a second perﬂuorocarbon’having a carbon number of 1 to 10, the isecond perfluorocarbon
may include an ether bond and/or a sulfonyl bond, and R and R' may be the same or niay
be different from each other in a molecule; X is hydrogen, an alkali metal or a cation that .
forms a salt with 1,3-disulfonimide; Q is a direct bond, oxygen or a third perfluorocarbon
haVing a carbon number of 1 to 10; and the third pérﬂuoroéarbon may include an éther ]
bond and/or a .sulfonyl bond; and R" is hydrogen or a hydrocarbon having a carbon
number of 1 to lhO, and R" fnay be the same or may be different from each other in the

molecule.

7. A manufacturing method for a polymer electrolyte, | comprising a.

- polymerization stép of polymerizing a raw material that includes one or two or more
types of imide monomers that are able to introduce a ﬂuQrine-containing structure having
an alicyclic 1,3-disulfonimide into a pri\ncipai chain or side chain of a polymer through‘ a
polymerization reaction or a combinaﬁon of 'a polymerization reaction and a fluorination

reaction.

8. The manufacturing method according to claim 7, wherein the one or two or
more types of imide monomers have a structure expressed by any one of the following

structural formulas (3.1) to (3.5).
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where 1, s and t each are an integer larger than or equal to 0; R and R’ each are ﬂudrine or
. a second perfluorocarbon having a carbon nlifnbér of 1 fo 10, the second perfluorocarbon
may if;clude an ether bond and/or a sulfonyl bond, and R and R' may be the same or may
be different from each other in a molécule; X is hydrogen, an alkali metal or a cation that
forms a salt with 1,3-disulfonimide; Q is a direct bond, oxygen or a third perfluorocarbon
having a carbon number of 1.to 10, and the third vperﬂuorocarb_on may include an ether
bond and/br a sulfonyl bond; ‘and R”;_ is hydrogen or a hydrocarbon having a carbon
number of 1 to 10, and R" may be the same or may be different from each other in the

molecule.

9. The ﬁlanufac_’turing method accordi‘ng to claim 7 or 8, wherein the raw material
includes the one or two or more types of imide monomers and one or two or moré types
of seéond monomers having a pol&r_nerizable functional group, ahd the polymerization |
step is a copolymerization step of copolymeriziﬁg the one or two or more types of imide

monomers and the one or two or more types of second monomers.

10. The manufacturihg method according to claim ‘9, wherein the one or two or
© more types of second monomers each have a structure expressed by any one of the

following structural formulas (4.1) to (4,6).

CF2=CFz 4.1 CFor=C F-—RI 4.2 v
| ' R3
CF=CF c F=(
/ \ - -/ , ,
o><o - @4 o, _CF2 (4. 8)
ri—>Ls <
| R1 R2
CF2
)K CF=GF
o o 4. 5) S b 4.6)
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~‘where R, to R4 each are fluorine or a fourth perfluorocarbon having a carbon number of 1 -

o 10, and the fourth perfluorocarbon may include an ether bond and/or a sulfonyl bond.

11.  The manufacturing method according to claim 7 or 8, wherein the raw
‘material includes the one or two or more types of imide monomers and one or two or
more types of ﬂuorocarboﬁ-based polymers or hydroéérbon4based polymers having a
polymerizable functional group, and the polymerizétion stép is a block copoiymerization -
step of block copolymerfzing the one or two or more types of imide monomers and the
one or two or more types of fluorocarbon-based polymers 'or‘ hydroéarbon-based

polymers.

12. A battery comprising the polymer electrolyte according to any one of claims 1.

to 4.
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International application No.
INTERNATIONAL SEARCH REPORT PCT/1B2011/001080
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

o

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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International Application No. PCT/ 1B2011/ 001080

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 5-11(partially)

- An imide monomer of formula 3.1

- A method for manufacturing a polymer electrolyte
comprising a polymerization step of polymerizing a monomer
of formula 3.1

2. claims: 1-12(partially)

- An imide monomer of formula 3.2

- A method for manufacturing a polymer electrolyte
comprising a polymerization step of polymerizing a monomer
of formula 3.2

- A polymer electrolyte having a structure of formula 1.1
- A battery comprising the said polymer electrolyte

3. claims: 1-12(partially)

- An imide monomer of formula 3.3

- A method for manufacturing a polymer electrolyte
comprising a polymerization step of polymerizing a monomer
of formula 3.3

- A polymer electrolyte having a structure of formula 1.2
- A battery comprising the said polymer electrolyte

4. claims: 1-12(partially)

- An imide monomer of formula 3.4

- A method for manufacturing a polymer electrolyte
comprising a polymerization step of polymerizing a monomer
of formula 3.4

- A polymer electrolyte having a structure of formula 1.3
- A battery comprising the said polymer electrolyte

5. claims: 5-11(partially)

- An imide monomer of formula 3.5

- A method for manufacturing a polymer electrolyte
comprising a polymerization step of polymerizing a monomer
of formula 3.5

6. claims: 1-4, 12(all partially)

- A polymer electrolyte having a structure of formula 1.4
- A battery comprising the said polymer electrolyte
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Information on patent family members

International application No

PCT/IB2011/001080
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 9938842 Al 05-08-1999 DE 69908499 D1 10-07-2003
DE 69908499 T2 13-05-2004
EP 0973734 Al 26-01-2000
JP 2001522376 A 13-11-2001
JP 2010248499 A 04-11-2010
US 2004024123 Al 05-02-2004  NONE
US 6733914 Bl 11-05-2004  NONE
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