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PCTNS99/04574 TILE SUBSTANTIALLY FLUORINATED IONOMERS FIELD OF THE
TNYENTION This invention deals with substantially fluorinated but not
perfluorinated 5 ionomers, and related ionic and nonionic monomers, having
pendant groups containing fluorosulfonyl methide or fluorosulfonyl imide
derivatives and univalent metal salts thereof, and with the uses of said
ionomers in electrochemical applications such as batteries, fuel cells,
electrolysis cells, ion exchange membranes, sensors, electrochromic
windows, electrochemical 10 capacitors, and modified electrodes. Certain
compositions of the invention are also useful as strong acid catalysts.
BACKGROUND OF THE INVENTION Copolymers of vinylidene fluoride (VF2) with
vinyl alkoxy sulfonyl halides are known in the art. 15 The disclosures in
Ezzell et al. (I1.S. 4,940,525) encompass copolymers of VF2 with vinyl
ethoxy sulfonyl fluorides containing one ether linkage. Disclosed is a
process for emulsion polymerization of tetrafluoroethylene (TFE) with the
vinyl ethoxy comonomer. Connolly et al. (U.S. 3,282,875) disclose the
terpolymer of VF2 with 20 perfluorosulfonyI fluoride ethoxy propyl vinyl
ether (PSEPVE) and hexafluoropropylene (HFP). They broadly teach an
emulsion polymerization process said to be applicable to copolymerization
of vinyl ethers with any ethylenically unsaturated comonomer, with greatest
applicability to fluorinated monomers. 25 DesMarteau (U.S. 5,463,005),
incorporated herein by reference, discloses substituted perfluoro-olefins
of the farmuIa CF~CF-R-~-S02-R (f) t ~2R )m 30 where X = C or N, Z = H, K,
Na, or Group I or II metal, R = one or more fluorocarbon groups including
fluorocarbon ethers and/or sulfonyl groups and/or perfluoro non-oxy acid
groups, Y = perfluoroalkyl or F, and rn = 0 or 1. Further disclosed by
DesMarteau are copolymers formed by aqueous emulsion polymerization of the
sodium salt form of (I) with tetrafluoroethylene. Further 35 disclosed are
compositions consisting of the acid-form of the imide copolymer of
DesMarteau in combination with dimethylformamide (hereinafter DMF) to
provide a conductive composition. Membranes or fctmis of the acid imide
polymer i~~~~~~a~   21 August 2002 w0 99/45048 PCT/US99/04574 are cast from
solution. Copolymers of the substituted perfluoroolefins with VF2 are not
disclosed in U.S. 5,463,005. Armand (U. S. 4,818,644) discloses metal salts
based on anions having the structure Rf-S02CR-S02R'f where Rg and R' f are
perfluorinated groups having 5 from 1 to 10 carbon atoms and R is a
hydrogen or an alkyl group having from 1 to 30 carbon atoms. The lithium
salts of these compounds are useful in combination with organic solvents or
macromolecular solvents for making electrolyte solutions for lithium
batteries. Armand et al. further disclose (EP 0 850 921) salts and
ionomeric polymers derived from malononitrile Z-C(CN)2 where Z represents
sn 



10 electron-withdrawing group and Z can also contain a polymerizable
function. Ionomers based on these compounds are disclosed having styrenic
or vinyl functional gmups for polymerization. Copolymers of These monomers
with substantially fluorinated monomers such as VF2 are not disclosed. Xue,
Ph.D. thesis, Clemson University, 1996, discloses reactions of the 15 type
RS02NHX with R'S02Y with X = H, Na and Y = Cl, F to form RS02N(M)SOZR',
where R and R' are perfluorinated groups, in the presence of MF with M =
Cs, K or in the presence of Na2C03 if X = Na and Y = Cl to form monomers
represented by the formula CF2 = CF-OCFZCF(CF3)OCF2CF2S02NMS02Rf 20 and
copolymers thereof with tetrafluoroethylene. Armand et al) EP0850921A1 and
EP0850920A1, provide a tremendous list of imide- and methide- containing
ionic species, including polymers incorporating them. However, no means for
making these compositions is provided, and no distinction is made among the
compounds from the standpoint of 25 utility. No disclosure is made of the
particular utility and surprising attributes of the compositions of the
present invention. SUMMARY O~ THE INVENTION The present invention provides
for an ionic polymer (ionomer) comprising monomer units of vinylidene
fluoride and further comprising 2-50 mol-% of monomer units 30 having
pendant groups comprising the radical represented by the formula
-(OCF2CFR)a0CF2(CFR'h,S02 X-(M+)(Y)(Z)~ (I) wherein 35 R and R' are
independently selected from F, Cl or a perfluoroalkyl group having 1 to 10
carbon atoms optionally substituted by one or more ether oxygens; a=0, 1
or2; b=Oto6; M+ is H+ or a univalent metal cation; 2   r 21 August 2002 WO
99J45048 PGTIUS99104574 X is C or N with the proviso that c =1 when X is C
and c = 0 when ~ is N; when c =1, Y and Z are electron-withdrawing groups
selected from the group consisting of CN, SOZR f, SOZR3, P(O)(OR3)Z, C02R3,
P(O)R32, C(O)R f C(O)R3, and cycloalkenyl groups formed therewith 5 wherein
Rg is a perfluoroalkyl group of 1-10 carbons optionally substituted with
one or more ether oxygens; R3 is an alkyl group of 1-6 carbons optionally
substituted with one or more ether oxygens, or an aryl group optionally
further substituted; Y and Z are the same or different; 10 or) when c= 0) Y
may be an electron-withdrawing group represented by the formula -SOZRf
where Rg is the radical represented by the formula -(Rg' S02N-(M+)SO~a, Rf"
where m = 0 or 1, and Rf is -CnF2n and Rf" is -CnF2n+1 where n =1-10,
optionally substituted with one or more ether oxygens. The present
invention further provides for an ethylenically unsaturated 15 composition
represented by the formula CFZ=CF(OCF2CFR)aOCF2(CFR')bS02C-(M+)(Y)(Z) (In
wherein 



20 R and R' are independently selected from F, CI or a perfluoroalkyl group
having 1 to 10 carbon atoms optionally substituted with one or more ether
oxygens; a = 0,1 or 2; b=Oto6; 25 M+ is H+ or a univalent metal cation; Y
is CN and Z is an electron-withdrawing groups selected from the group
consisting of CN, SOZR3, P(O)(OR3~, COZR3, P(O)R32, C(O)Rf C(O)R3, and
cycloaikenyl groups formed therewith wherein Rg is a perfluoroalkyl group
of 1-10 carbons optionally substituted with one or more ether oxygens; 30
R3 is an alkyl group of 1-6 carbons optionally substituted with one or more
ether oxygens, or an aryl group optionally further substituted.. The
present invention further provides a process for making a methide ionomer
the process comprising, combining in an inert organic liquid at a
temperature in the range 3$ of 0-150C a copolymer comprising monomer units
of vinylidene fluoride and 2-SO mol of monomer units represented by the
formula: CFZ=CF(OCF2CFR)aOCF2(CFR')bS02F (III) 3   21 August 2002 WO
99I45048 . PCTNS99/04574 wherein R) and R' are independently selected from
F, Cl or a perfluoroalkyl group having 1 to 10 carbon atoms optionally
substituted with one or more ether oxygens, a = 0,1 or 2, and b = 0 to 6;
with a carbanion derived from a methylene compound represented by the
formula CHZYZ wherein Y and Z are electron s withdrawing groups selected
from the group consisting of CN, SO2Rf, S02R3, P(O)(OR3)2, C02R3, P(O)R32,
C(O)RfC(O)R3, and cycloalkenyl groups formed therewith, wherein Rg is a
perfluoroalkyl group of 1-10 carbons, optionally substituted with one or
more ether oxygens, R3 is an alkyl group of 1-6 carbons, optionally
substituted with one or more ether oxygens or an aryl goup optionally 10
further substituted; and wherein Y and Z may be either the same or
different to form a reaction mixture; reacting said reaction mixture until
the desired degree of conversion has been achieved; and, removing, the bulk
of said organic liquid. The present invention further provides a process
for making a methide composition the process comprising, combining an inert
organic liquid at a 15 temperature in the range of 0-100C a composition
represented by the formula CF2A-CFA(OCF2CFR)aOCF2(CI~R')bS02F (IV) wherein
A is Br or Cl, R and R' are independently selected from F, Cl or a 20
perfluoroalkyl group having 1 to 10 carbon atoms, a = 0, 1 or 2, and b = 0
to 6; with a carbanion derived from a methylene compound represented by the
formula CHZYZ wherein Y and Z are electron-withdrawing groups selected from
the group consisting of CN, S02Rf, S02R3, P(O)(OR3}l, COZR3, P(O)R32,
C(O}Rf C(O)R3, and cycloalkenyl groups formed therewith, wherein Rf is a
perfluoroalkyl 25 group of 1-10 carbons, optionally substituted with one or
more ether oxygens, R3 is an alkyl group of 1-6 carbons, optionally
substituted with one or more ether oxygens or an aryl group optionallg
further substituted; and wherein Y and Z may be either the same or
different to form a reaction mixture; reacting said reaction mixture until
the desired degree of conversion has been achieved; and, removing bulk 30
of said organic liquid. The present invention further provides a process
for forming an ionomer, the process comprising combining in an aqueous
reaction medium vinylidene fluoride 



with an ionic monomer represented by the formula 35 CF2~
CF-(OCFZCFR)aOCF2(CFR')bS02X-(M+)(Y)(Z)~ (II) wherein 4   21 August 2002 WO
99I45048 PCTNS99/04574 R and R' are independently selected from F, CI or a
perfluoroalkyl group having 1 to 10 carbon atoms optionally substituted
with one or more ether oxygens; a = 0, 1 or 2; b = 0 to 6; M+ is H+ or a
univalent metal cation; X is C or N with the proviso that c =1 when X is C
and c = 0 when X is N; when c =1, Y and Z are electron-withdrawing .groups
selected from the group consisting of CN, S02Rf, S02R3, P(O)(OR3)2, C02R3,
P(O)R32, C(O)R f C(O)R3, 10 and cycloalkenyl groups formed therewith
wherein Rf is a perfluoroalkyl group of 1-10 carbons optionally substituted
with one or more ether oxygens; R3 is methyl or ethyl; Y and Z are the same
or different; or, when c= 0, Y may be an electron-withdrawing group
represented by the 15 formula -S02R f where R f is the radical represented
by the formula -(R f' S02N-(M+)S02)a, Rf" where m = 0 or 1, and Rf" is
-CnF2" and Rf" is CnF2n+i where n = 1-10, optionally substituted by one or
more ether oxygens to form a reaction mixtwe; introducing a free radical
initiator; 20 reacting said reaction mixture to form an ionomer having a
melting point of 150C or greater. The present invention further provides
for an ionically conductive composition comprising the polymer of the
invention and a liquid imibibed therewithin. 25 The present invention
further provides for an electrode comprising at least one electrode active
material, the ionomeric polymer of the present invention mixed therewith,
and a liquid imbibed therewithin. The present invention further comprises
an electrochemical cell comprising a positive electrode, a negative
electrode, a separator disposed 30 between the positive and negative
electrodes, and a means for connecting the cell to an outside load or
source wherein at least one of the group consisting of the separator, the
cathode, and the anode, comprises the ionically conductive composition of
the invention. , DETAILED DESCRIPTION OF ~'HE INVENTION 35 For the purposes
of the present invention, the term sulfonyl methide refers to a functional
group wherein an ionically bonded carbon atom is also bonded to at least
one fluoroalkylsulfonyl group, while the term sulfonyl imide refers to a   



21 August 2002 WO 99/45048 PCT/US99/04574 functional group wherein an
ionically bonded nitrogen atom is also bonded to at least one
fluoroalkylsulfonyl group. Surprisingly, the conductive compositions of the
present invention are readily melt processible into electrodes and
separators useful in assembling 5 batteries in low cost continuous or
semi-continuous manufacturing processes. No previous ionomer based
composition suitable for use in electrochemical cells is known to exhibit
melt processibility. The ionomers of the present invention comprise monomer
units derived from VF2 and 2-50 mol-%, preferably 2-20 mol-%, most
preferably 3-12 mol-%, 10 of ionic monomer units having pendant groups
comprising the radical represented by the formula
-(OCF2CFR)aOCF2(CFI~')bS02X-(M+)(Y)(2)c 15 wherein R and R' are
independently selected from F, Cl or a perfluoroaIkyl group having 1 to 10
carbon atoms optionally substitued by one or more ether oxygens; a = 0, 1
or 2; b=Oto6; 20 M+ is H+ or a univalent metal cation; X is C or N with the
proviso that c =1 when X is C and c = 0 when X is N; when c =1, Y and Z are
electron-withdrawing groups selected from the group consisting of CN, S02R
f, S02R3, P(O)(OR3)2, C02R3, P(O)R32, C(O)Rg C(O)R3, and cycloalkenyl
groups formed therewith wherein Rf is a perfluoroalkyl group of 25 1-10
carbons optionally substitued with one or more ether oxygens; R3 is an
alkyl group of 1-6 carbons optionally substituted with one or more ether
oxygens, or an aryl group optionally further substituted; Y and Z are the
same or different; or, when c= 0, Y may be an electron-withdrawing group
represented by the 30 formula -S02Rf where Rf is the radical represented by
the formula -(Rf' S02N-(M+)S02)m Rf" where m = 0 or 1, and Rf' is -CnF2"-
and Rf" is -CriF2n+1 where n =1-10, optionally substituted by one or more
ether oxygens. Preferably, a = 0 or 1, R = CF3, R' = F, b =1, and when X is
C, Y and Z are CN or C02R3 where R3 is C2H5, while when X is N, Y is
preferably S02R~ 35 where Rf is CF3 or C2F5 and M+ is H+ or alkali metal
cation. Most preferably M+ is a lithium cation. Most preferably the ionomer
of the invention exhibits a melting point of 150C or higher as determined
by the peak of the endotherm as measured by differential scanning
calorimetry (ASTMD4591 ). 6   21 August 2002 WO 99I45048 PCT/US99/04574 The
methide ionomers of the present invention may be formed by copolymerization
of (II) with VF2 according to the teachings of Connolly, op. cit..
Preferably, however, the methide ionomer is made by the process of the
invention, wherein in a preparatory step is formed a copolymer of VF2 with
the sulfonyl 5 fluoride monomer (IIn. 



The polymerization of (III) with VF2 may be conducted according to the
teachings of Connolly et al, op. cit.. Preferably, the polymerization is
conducted with pre-emulsified liquid comonomer in a reaction mixture as
taught hereinbelow. The ionomers formed from non-ionic polymer which has
been 10 polymerized in such fashion exhibit surprisingly high melting
points of ca. 150C or higher as determined from the peak. of the endotherm
in differential scanning calorimetry (ASTM D4591 ) in view of their bulk
comonomer contents. In the process of making the methide ionomer, the
non-ionic sulfonyl fluoride copolymer, however formed, is then contacted in
an inert organic liquid at 15 a temperature of 0-1 S0C, preferably 20-70C,
with a carbanion derived from CH2YZ, wherein Y and Z are
electron-withdrawing groups selected from the group consisting of CN,
S02Rf, S02R3, P(O)(OR3)2, C02R3, P(O)R32, C(O)Rf C(O)R3, and cycloalkenyl
groups formed therewith wherein Rg is a perfluoroalkyl group of 1-10
carbons optionally substitued with one or more ether oxygens; 20 R~ is an
alkyl group of 1-6 carbons optionally substituted with one or more ether
oxygens, or an aryl group optionally further substituted; Y and Z are the
same or different. Preferably Y and Z are CN or CO~R3 where R3 is C2H5, and
the base used to generate reactive species from CH2YZ is preferably an
alkali metal 25 hydride, most preferably lithium hydride. The combination
is allowed~'Co react until the sulfonyl fluoride is completely converted,
which takes typically 15-20 hours in the preferred temperature range of
20-70C. Most preferably, CH2YZ as hereinabove described, is combined with
the 30 copolymer of VF2 and (III), and lithium hydride in the inert organic
liquid in the ratio of one gram equivalent weight of CHZYZ and two gram
equivalent weights of lithium hydride per gram equivalent weight of
sulfonyl fluoride. Suitable inert organic liquids include oxygen-containing
solvents such as dialkyl ethers, dimethoxyethane) tetrahydmfuran, dioxane,
sulfolane, dimethyl 35 sulfoxide, n-methyl pyrroIidone, dimethyl fonmamide,
and acetonitrile. The preferred solvent will also be readily removed upon
completion of the reaction. Preferred is dimethoxyethane. 7   21 August
2002 WO 99!4S048 PCTIUS99/04574 The metal fluoride coproduct formed in the
methidization process of the invention may be removed, if desired, by
extraction or a dialysis process using water. It is found in the practice
of the invention, that in the formation of 5 ionomers, the liquid medium in
which the ionic species is formed often forms highly stable solvates
therewith, making it difficult to fully remove that liquid by ordinary
means such as drying or distillation._ The residual liquid is preferably
removed by addition of another metal ion ligating agent such as an organic
carbonate, sulfolane, alkylphosphate, or dimethoxyethane which replaces the
10 residual liquid, typically at moderately elevated temperatures in an
anhydrous fluid such as toluene. A monomeric form of the methide moiety of
the ionomer of the invention may be formed by starting with the unsaturated
olefinic structure (III), followed by bromination as is known in the art in
order to protect the double bond, reaction 15 as hereinabove described for
the analogous copolymer, followed by treatment with Zn powder to yield the
polymerizable double bond. To form the imide ionomer of the present
invention, VF2 is copolymerized with the monomeric composition represented
by 20 CF2=CF(OCF2CFR)$OCF2(CFR')bS02N(M+)S02Rf {V) R and R' are
independently selected from F, CI or a perfluoroalkyl group having 1 to 10
carbon atoms optionally substituted by one or more ether oxygens; 



a = 0) 1 or 2; 25 b = O to d; M+ is I-I~ or a univalent metal ration, Rf is
the radical represented by the formula -(Rf' S02N-(M+)SOZ)mRf" where m = 0
or 1, and Rf' is -C"F2" and Rf" is -C"FZn+1 where n =1-10, optionally
substituted by one or more ether oxygens. 30 - Preferably) a = 0 or 1, R =
CF3, R' = F, b = 1, and when X is Rf is CF3 or C2F5~ and M+ is an alkali
metal ration, most~preferably lithium ration. The olefinic monomer (V) may
be synthesized according to the teachings of Xue, op. cit. The
polymerisation may be effected according to the teachings of Connolly et
al, op, cit. . 35 It is found in the practice of the present invention that
the method by which the ionomer is formed can have a large effect on the
melting temperature of the ionomer formed thereby. Melting point is of
importance because a higher   21 August 2002 WO 99I45048 PCTNS99/04574
melting ionomer will provide a higher use temperature in such applications
as lithium batteries. The prior art teaches an aqueous emulsion process for
copolymerizing methide or imide monomers according to DesMarteau or Xue,
op.cit" with 5 tetrafluoroethylene (TFE). Reaction kinetics dictate that
the process of DesMarteau necessarily will result in limited, nearly random
incorporation of the imide or methide monomers. An alternative though less
convenient process known in the art, is to polymerize in a perfluorinated
solvent. Because of very substantial differences in reaction kinetics, the
rate of 10 incorporation and distribution of a comonomer in
copolymerization with VF2 depends upon the availability of the comonomer in
the aqueous polymerization medium. It has been found very surprisingly than
when the methide and imide ionomers herein are copolymerized with VF2 in
the aqueous emulsion polymerization of the art such as in Connolly et aI,
op.cit., ionically rich and 1 S ionically poor regions are developed. This
results in an ionomer exhibiting a melting temperature higher than that
achieved when an ionomer of the same overall composition is formed by first
copolymerizing VF2 with (III) using the same process followed by forming
the ionomer. An alternative means for providing the desired higher melting
ionomer 20 while avoiding the pitfalls of unwanted side reactions
associated with polymerizing the ionic species, is to copolymerize VF2 with
(III) in an aqueous medium wherein the liquid-liquid interface is
substantially increased over that in the method of Connolly such as that in
which the water, surfactant and monomer are pre-emulsified under very high
shear mixing conditions as hereinbelow 25 described. Alternative means for
achieving the high melting ionomers of the invention are available by
copolymerizing VF2 with (III) in perfluorinated solvents, but this is less
preferred because of the expense and handling difficulties inherent
therewith. 30 It is found in the practice of the invention that it is
preferred to make the methide ionomer by polymerizing VF2 with (III) in a
pre=emulsified state as hereinbelow described, followed by forming the
methide as hereinabove described. However, the imide is preferably formed
by first forming the imide monomer according to Xue,op. cit., followed by
polymerizing in an aqueous 35 medium along the lines of Connolly, op.cit..
In both approaches) the preferred method results in the preferred ionomer
having a melting point of 150C and above. 9   21 August 2002 WO 99I45048
PCTlUS99I04574 The imide analog of (II) may be synthesized by exposing a
composition represented by the formula CF2=CF(OCF2CFR)aOCF2(CFR')bS02F
(III) 5 



made according to the teachings of Asahi Chemical Industry, GB 2051 831,
1980 (K. Kimoto, H. Miyauchi, J. Ohmura, M. Ebisawa et al.) to bromine or
chlorine in an anhydrous inert atmosphere at a temperature of ca. 0C in
order to protect the olefinic bond according to the teaching in U.S. Patent
5,463,005 forming thereby 10 a composition represented by (IV). After
washing to remove excess halogen using for example NaHS03, the thus
brominated starting material is combined under dry conditions, preferably
in an anhydrous, aprotic organic solvent, with anhydrous MF, where M is K
or Cs, and a composition represented by the formula R f S02NH2, where R f
is the radical represented by the formula -(R f' 15 502N-(M~S02)m Rf" where
m = 0 or 1, or possibly > 1, and Rf' is C"F2" and Rf" is represented by the
formula CnF2n+~ where n=1 to 10, RfS02NH2 being made according to the
teachings of Meu(3endoerffer and Niederpriim (Chemiker Zeitung, 96.
Jahrgang (1972) No. 10, 583). Suitable solvents include acetonitrile,
dioxane, and sulfolane. 20 Preferably Rf is C"F2n+t where n=1 to 4. The
mixture thus formed is heated to a temperature in the range of 50-150C,
preferably 70-90C, and the reaction is allowed to proceed preferably until
the Rf SOzNH2 has been consumed as determined by NMR. Upon termination of
the reaction, the product, which remains in solution is separated by 25
filtration. In order to regenerate the olefinic bond, the reaction product
is then contacted with metallic zinc, preferably by slurrying Zn powder
into the solution, at ambient temperature and then heated for several
hours, as taught in U.S. Patent 5,463,00S, preferably followed by filtering
and washing with an anhydrous, aprotic organic solvent such as
acetonitrile. Thus formed is a composition 30 represented by the formula:
CF2=CF(OCF2CFR)sOCF2(CFR')bS02N(M)S02Rf (V) The lithiated imide form of
structure (V) is then copolymerized with VF2 35 according to the teachings
of Connolly et al. Unlike the methide embodiment, wherein it is preferred
to first make a copolymer of VF2 and (lI) followed by methidization, in the
case of the imide it is highly preferred to first make the imidized monomer
(V) followed by polymerization with VF2. In many applications, the ionomer
is preferably formed into a film or 40 sheet. Films may be formed according
to processes known in the art. In one 10   21 August 2002 WO 99I45048
PCTIUS99/04574 embodiment, the ionomer is diluted with a solvent such as
DMAC, the mixture cast onto a smooth surface such as a glass plate using a
doctor knife or other device known in the art to assist in depositing films
on a substrate, and the solvent evaporated. Preferably the ionomer of the
invention is first combined with a 5 plasticizer and then is formed into a
film or sheet by a melt process. Most preferably, the melt process is an
extrusion process. The ionomers of the present invention, however formed,
may exhibit a low level of ionic conductivity in the dry state, typically
about 10-7 S/cm at room temperature. The ionomer may be combined with a
liquid to achieve higher levels 10 of ionic conductivity. Depending upon
the requirements of the application, the ionomer will be in the acid form
or the metal salt form, the particular metal being determined by the
application as well. The liquid employed therewith will likewise be
dictated by the application. In general terms, it has been found in the
practice of the invention that conductivity of the liquid-.containing
ionomer 15 increases with increasing percent weight uptake, increasing
dielectric constant, and increasing Lewis basicity of the liquid, while
conductivity has been observed to decrease with increasing viscosity and
increasing molecular size of the liquid employed. Thus, a highly basic
solvent of low viscosity and small molecular size but low dielectric
constant may provide superior conductivity in a given 20 membrane than a
larger, more viscous, less basic solvent of very high dielectric constant.
Of course, other considerations may come into play as well. For example,
the liquid may be electrochemically unstable in the intended use.
Conductive compositions may thus be formed by combining together the
ionomers of the present invention with solvents using a variety of
techniques 25 known in the art such as imbibing a dry ionomer film in a
mixture of solvents or exposure of a dry film to a solvent vapor under
controlled conditions or combining the ionomer with the solvents in a melt
state and extruding films of controlled composition. Preferred solvents
include water, nonaqueous solvents such as linear and cyclic carbonates,
alcohols, esters, lactones, ethers, sulfoxides, 30 amides, sulfonamides,
and sulfones, subject to the general considerations discussed above. The
solvents combined with the ionomers of the present invention to form
conductive compositions can optionally contain additional mobile salts
which may be preferred for specific applications. Other solvents suitable
for forming conductive compositions include ionic liquids such as 1 35
methyl-3-butyl-imidazolium trifluoromethane sulfonate. A variety of
chemical agents can be added to these conductive 



compositions for purposes of improving ionic conductivity through the
influence of the chemical agent on the dissociation or mobility of the ions
within the 11   21 August 2002 wo 9914so4s PCT/US99104s74
ionomeric.~olymer. Such chemical agents include but are not limited to
cationic complexi~ agents such as crown ethers and aza ethers and anion
complexing agents such as BR3 compounds where R is aryl, fluoro-substituted
alkyl or aryl. The ionomers of the present invention provide several
unexpected benefits 5 over the ionomers of the art. It is known in the art
that VF2 polymers and copolymers exhibit electrochemical stability which
makes them structural materials of choice for use in lithium batteries.
Compared to the ionomers in the art which contain fluorosulfonate salts,
the ionomers of the present invention comprise fluorosulfonylmethide or
imide salts which exhibit higher dissociation 10 in organic solvents
thereby providing conductive compositions formed therefrom with
surprisingly high conductivity. The preferred conductive compositions of
the present invention, comprising the lithium salt embodiments of the
ionomers of the invention and aprotic organic solvents, most preferably
organic carbonates and lactones, are particularly well-suited for use in
lithium batteries. 15 In an additive effect thereto, it is found,
surprisingly, that the ionomers of the present invention exhibit
particularly high affinity and phase compatibility with organic solvents as
compared to the ionomers of DesMarteau, op. cit., formed with TFE. The
higher a~'mity of the ionomers of the invention to organic solvents on the
one hand makes melt processing or casting of membranes a useful 20 process
for the production thereof; and, on the other hand, provides for higher
uptake of the preferred organic carbonates in the preferred conductive
compositions of the invention, leading to higher conductivities thereby. It
is found in the practice of the invention that certain compositions of an
ionomer of the invention containing at least 50% VFZ more preferably at
least 25 80% VF2 may become plasticized by the solvents imbibed within it,
with concomitant decrease in mechanical strength of the membrane. In some
applications, it may be desirable to enhance the properties of the
solvent-swollen membrane. Means available for improving the mechanical
properties include: 1 ) incorporation into the polymer by means known in
the art, a non-ionic third 30 monomer that is not solvent sensitive; 2)
formation by known means of a polymer blend with a non-ionic polymer that
is less solvent sensitive; 3) blending by known means of the ionomer of the
invention with an inert filler; 4) blending different compositions of ionic
copolymers. _ In a preferred embodiment of this invention involves the use
of 35 compositionally heterogeneous -S02F-containing copolymer as precursor
for the ionomeric form. Combined attributes of increased conductivity and
enhanced mechanical strength are thereby obtained. 12   21 August 2002 WO
94/45048 PCTIUS99/04574 Suitable third monomers which may be usefully
incorporated in these ionomeric compositions include tetrafluoroethylene,
chlorotrifluoroethylene, ethylene, hexafluoropropylene, trifluoroethylene,
vinyl fluoride, vinyl chloride, vinylidene chloride, perfluoroalkylvinyl
ethers of the formula CFZ=CFORf where 5 Rf= CF3, C2F5 or C3F7. Preferred
tennonomers include tetrafluoroethylene, hexafluoropropylene, ethylene and
the perfluoroalkylvinyl ethers. Termonomers are preferably present in the
polymer at a concentration of up to 30 mol-%. Polymers suitable for
blending with ionomers of the invention include poly(tetrafluoroethylene)
and copolymers thereof with hexafluoropropylene or 10 perfluoroalkyl vinyl
ethers, polyvinylidene fluoride homopolymer and a copolymer thereof with
hexafluoropropylene, and polyethylene oxide. A preferred composition
comprises 25 to 50 weight % PVF2 homopolymer blended with the VF2 ionomer
of the present invention. These materials are blended together by means
common in the art such as mixing in a common diluent such as 15 DMAC or
propylene carbonate and then casting a membrane. Suitable inert fillers
include Si02, A1208, Ti02, or CaF2. High surface area particles less than
1.0 micron in diameter are desired, such as are available for the preferred
grade of Si02 under the trade name Cab-o-sil TS-530 silica. Loadings of up
to 50 weight % filler are preferred: 



20 The preferred electrode of the invention comprises a mixture of one or
more electrode active materials in particulate form, the ionomer of the
invention, at least one electron conductive additive, and at least one
organic carbonate. Examples of useful anode active materials include, but
are not limited to, carbon (graphitic, coke-type, raesocarbon microbeads,
carbon fibers, polyacenes, and the 25 like) and lithium-intercalated
carbon, lithium metal nitrides such as Li2,6Coo.4N, lithium metal, and
lithium alloys, such as alloys of lithium with aluminum, tin, magnesium,
mercury, manganese, iron, antimony, cadmium, and zinc, alloy forming anode
compounds with inert metallic frameworks such as tin-iron-carbon or tin-
manganese-carbon ternary compounds, metal oxides or lithium metal 30 oxides
such as tin oxide, iron oxide, titanium oxide, tantalum oxide, niobium
oxide, or tungsten oxide, and electronically anion or ration-doping
conductive polymers such as polyaniline. Lithium intercalation anodes
employing graphitic carbon such as MCMH 2528 from Osaka Gas Chemical Co.
are preferred. Useful cathode active materials include, but are not limited
to, transition 35 metal oxides such as spinel LiMn204, layered LiMn02,
LiNi02, LiCo02, LiNixCoy02, iron oxides or lithiated iron oxides such as
LiFe02, or vanadium oxides such as LiV205, LiV60~g, LiNiV04, LiCoV04, or
the above compounds in nonstoichiometric, disordered) amorphous) or
ov~erlithiated or underlithiated 13   21 August 2002 WO 99/45048
PCT/US99/04574 forms (such as having metallic vacancies, oxygen vacancies
or defects, etc.), the above compounds doped with small amounts of other
divalent or trivalent metallic cations such as Fe2+, Ti2+, Zn2+, Ni2+,
Co2+, Cu2+, Cr3+, Fe3+, A13+, Ni3+, Co3+, ~3+~ etc., sulfur compounds such
as solid sulfur, organic disulf des, or metal 5 sulfides such as TiS2 or
MoS2, electronically-conducting polymers such as polyaniline and its
derivatives, polypyrrole derivatives, polyparaphenylene derivatives,
polythiophene derivatives, or their copolymers, or mixtures of any of the
above compounds. Particle size of the active material should range from
about 1 to l00 microns. Preferred are transition metal oxides such as
LiMn204, LiNi02, 10 LiCo02, and LiNiXCoy02. A highly preferred electron
conductive aid is carbon black, preferably Super P carbon black, available
from the MMM S.A. Carbon, Brussels, Belgium, in the concentration range of
1-10%. Preferably, the volume fraction of the lithium ionomer in the
finished electrode is between 4 and 40%. The electrode of the invention may
conveniently be made by dispersion or 15 dissolution of a11 polymeric
components into a common solvent and mixing together with the electrode
active particles the carbon black particles. For cathodes the preferred
electrode active material is LiNiXCo ~ _X02 wherein 0 < x c 1, while for
anodes the preferred electrode active material is graphitized mesocarbon
microbeads. For example, a preferred lithium battery electrode of the 20
invention can be fabricated by dispersing or dissolving ionomer of the
invention in a mixture of propylene carbonate and cyclopentanone, followed
by addition of particles of electrode active material and carbon black,
followed by deposition of a film on a substrate and drying. Preferably, the
components of the electrode are mixed together and fed to an extruder
wherein they are mixed to form a 25 homogeneous melt and extruded into a
film. The resultant preferred electrode will comprise electrode active
material, conductive carbon black, and ionomer of the invention, where,
preferably, the weight ratio of ionomer to electrode active material is
between 0.05 and 0.8 and the weight ratio of carbon black to electrode
active material is between 0.01 and 30 0.2. Most preferably the weight
ratio of ionomer to electrode active material is between 0.1 and 0.25 and
the weight ratio of carbon black to electrode active material is between
0.02 and 0.1. This electrode can then be cast from solution onto a suitable
support such as a glass plate, inert polymer Garner web, or current
collector metal foil, and formed into a film using techniques well-known in
the 35 art. The electrode film thus produced can then be incorporated into
a multi-layer electrochemical cell structure by lamination. Battery
solvents may be added to the battery component films individually or added
to the battery laminated cells using a variety of techniques known in the
14   21 August 2002 WO 99I45048 PCT/US99I04574 art such as imbibing by
immersion into a solution or exposure to solvent vapors under controlled
conditions. Preferred battery solvents for forming conductive compositions
with the ionomeric polymers of the present invention suitable for usage in
lithium batteries include Bipolar aprotic liquids such as the linear and 5
cyclic carbonates, esters, lactones, amides, sulfoxides, sulfones,
sulfamides, and ethers. Preferred solvents are mixtures of cyclic
carbonates or lactones such as ethylene carbonate, propylene carbonate,
butylene carbonates, vinylene carbonate, gamma-butyrolactone, fluoro or
chloro-substituted cyclic carbonates with linear carbonates such as
dimethyl carbonate, diethyl carbonate, dipropyl carbonate, 10 ethyl methyl
carbonate, methyl propyl carbonate, and fluoro and chloro 



substituted linear carbonates. Especially preferred are mixtures of
ethylene carbonate, propylene carbonate, and gamma-butyrolactone with
linear carbonates such as diethyl carbonate and/or ethyl methyl carbonate.
Most preferred are mixtures of ethylene carbonate with propylene carbonate
in weight ratios of from 15 50:50 to 80:20 of ethylene carbonate to
propylene carbonate. These solvents can optionally be combined with
additional mobile salts such as the lithium salts LiPF6, LiPFXRfy where Rf
CF3, CFZCF3, or other perfluorinated electron-withdrawing groups, LiHF4,
LiAsF6, LiC104, LiSOgRf where Rf=CF3, CF2CF3, or other perfluorinated
electron-withdrawing groups, 20 LiN(S02R1)(S02R2) where Rl and R2=CF3,
CF2CF3, or other electronwithdrawing groups and R1 is not necessarily the
same as R2, LiC(SO~R3)(S02R4)(SOZRS) where R3, R4, and RS=CF3, CF2CF3, or
other electron-withdrawing groups and R3, R4 and RS are not necessarily the
same and mixtures of the above salts. Preferred are LiPF6 or
LiN(S02CF2CF3}2. 25 In a preferred embodiment of the battery of the present
invention, a battery is formed from one or more electrochemical cells
formed by laminating together in film form the anode, cathode, and
separator compositions of the present invention, all of which have been
rigorously dried prior to addition of a liquid selected $om the group of
organic carbonates and mixtures thereof, a mixture of 30 ethylene carbonate
and propylene carbonate being most preferred. In a more preferred
embodiment of the battery of the present invention, the individual film
layers consisting of an anode, separator, and cathode are compounded
individually in a melt state and extruded into film form using temperatures
from 90 to 130C. These individual layers already containing the 35
preferred battery solvents such as mixtures of ethylene carbonate and
propylene carbonate are laminated together to form battery cells which do
not require additional post-treatment such as drying or extraction steps.
15   21 August 2002 It xnay be desirable to incorpozate into the electrode
composition of the invention additional polymers or solvents for such
ptupases as improving the binding of the components thereof, or providing
improved structural integzity of an article fabrlcatcd there&om. One
particularly preferred additional material is 5 P'YF2 homopolymez, zvluch
may be incorporated simply by dissolving the polymer into tha same solution
from which the electrode is being formed or melt compounding the polymer
into other components during mixing or extrusion) as hereinabove described.
E,~4,Iy.~LES 10 EXAMPLE 1 The snLfoaimide
Ck'2~CFOCFZCF(CF3)OCF~CFZSO~IV~ISUZCF3 is prepared as described by
Deslviarteau (iJ S. 5.a63,005 ( 1995) and Xue (Ph.D. thesis (1946),
Cleznson University, Clcmson), and is converted to its lithium salt by
stirriztg in arlueous solution with 1 equivalent of lithum hydxoxide at
raom 15 temperature. After evaporating the water, the dried lithium salt
(29.1 g, 0.05 mole) in 500 xnl of deionized water is charged to a 1-liter
vertical stirred autoclave. The vessel is closed, twine pressured to b90
kPa (100 psi) nitrogen and vented, cooled to about 5C and evacuatxd.
Vi~iide~ fluoride (50.0 g, 0.7S mol) is addad, and the stirred (750 rpm)
co~a~tents are bested to 60C. A 20 solution of potussiuza peasulfate (4.48
g in 20 m1 u-ater) is added over a 10 minute interval. After about 8 hours,
the remaining pressure is vented and the aqueous solution is evaporated to
dryztess giving a copolymer containing CHZCF2 Fund
CF2CE(OC.F.,CF(CF3~OCFZCF~S42I~iSOZCl;3) units ~ a white solid identified
by its fluorine 1~~ZR spectrum. 25 EXAMPLE 2 The sulfonyl fluoride
CFZ-CICFCIOCF~CF(CF;)OCF2CFZS02F, prepared as described by DesMarteau, U.S.
S,463,005 (1995) is converted to the lithiun~e metnide salt
CFZC1CFC10CFzCF(CF3)OCF2CF2S02C(L~(SOrCF3~ by the procedure described by
~Vaddel! et sl. in Example 4 of U.S. Patent 5,514,493 30 (1996). Treatrnent
of this co~npourid with zinc dust in acetic anhydride at $0-90C affords the
olefinic methide monomer CF2pCFOCFZCF(CF3)OCF2C12SOzC(LixS02CF3}z. This
monomer (35.6 g, 0.05 mole) in 500 mI of deionized water is charged to a
1-liter vertical stirred autoclave. The vessel is closed, tw-ico pressured
to 690 kPa (100 psi) nitrogen and 35 vented, cooled to about 5C and
evacuated. Yi~rlidene fluoride (50.0 g, 0.78 mol) is added, and the stirred
(730 rpm) contents are heated to 60C. A solution of potassium persulfate
(0.08 g in 20 ml water) is added over a 10 minute interval. After about 8
hours, tho rernai~g pressure is vented and the aqueous 16 pMEf~DED SHEEI` 



21 August 2002 solution is evaporated to dryness gluing a copolymer
containing CHZCF2 and CF~CF{OCF~CF(CFg)OCF2CF2SOZC(Li)(80ZCF3h) units as a
white solid iden#ified by its fluorine NMR spectrum. ALE 3 5 A oopol~rmer
of VF2 and PSEPV'E was synthesized accordiung to the follow~g method. 1S0 g
of PSEP'VE liquid was suspended in aqueous emulsion by combining witb. a
solution of 35 g of ammonium petfluorooctanoate in 600 m1 of distilled
orator using a Microlluidics, Ix~c. microfluadizer. The suspension was then
diluted to 1 liter total volume with additional distilled water. The
suspension 10 so formed was charged to a nitrogen purged ~ liter horizontal
autoclave equipped with a mechanical agitator, along with an. additional 1
S00 mI of distilled water. The reactor was evacuat`.-d, then pressurized to
atawspherie presserre (0 prig) with vinylidene fluozide three times) then
heated to 60C, pressurized to Z.07 Vg'a above atmospheric pressure (300
psig) with vinylidene fluoride, aad agitated ax 15 200 rpm. A solution of
aqueous potassium persulfato (0.6%, 50 ml) was added over a 5 xnin period.
Reactor pressure was maintained st 2070 ll~Pa (300 psi) until Z20 a of VFZ
had been ;fed after initiator addition. Agitation was stopped and the
reactoz was cooled and vexed. 1"he resulting mifly dispersion was frozen
and thawed to cvagul3te the product which was ftlte~ted through Nytoa cloth
and 20 washed with water repeatedly to remove surfactann After air drying,
polymer crumb a-as dried inn a nitrogen purge3 vacuum oven at 100 C for Z4
hr to give 364 g of product. 19F NMR data (acetone): +45.2 (s,), -78.0 to
-$0.0 (rn's), -94,0 to -95 (m's), -I08 to -116 (series ofm)) -12?.0 to
-1275 (m's)) -143.0 (bd s), cousi,stent with mol% PSEPVE = 9.5%. TGA
(10Imin, N~: no weight loss until 2S 375C. DSC (20lmin): tuaximum of broad
Melting txaasltion at I62C {23 31g); Tg~ 20C. A 100 m1 flask was charged
with n~talonontrllc (0.63 g, 9.S mmol) and dimCthoxycthana (10 ml). Sodium
hydride (0.228 g, 9.5 mmol) was addsd in portions. The xnixtura was stirred
at room temperature for ca. Ii min until gas 30 evolution was complete. 5 g
of the ~"F21PSEP~E copolymer, wrresponding to 4,73 rndqtriv. of S02F, was
suspended i~a dimethoxyethane (50 ml), treated in one pordon with the above
malononitxile anioa solution. The mixture was stirred for 1$ hr at each
tame 19F NMR spectral analysis showed essentially complete conversion of
SO?k' groups to S02C(CI~2 groups: -78,0 to -8Z.0 (m, distinctly 35
different linest~ape vs. Sp3 form, a= 7.00), -92.0 to -hd.6 with major
antcasity ringlet at -92.7, minor at 93.I and -96.6 (combizied a~ 16.888),
-109 to -113 (m) artd " defect" 'VF2 peaks at -I 15.0 and -117.3) CF2S 0~-
at -1 I 7.9 (combirned as 5.Z06), -I23 to -1z8 (bd m) a=1.543), -14.8 (m,
a~ i.011). integration is AM~~DEp S~~ET   21 August 2002 consistent with
9.3 mol% Na-dicyanomethidc fozn of fiuac~onal comonomer. 1fie reaction
mixtc~re was treated with dry toluene (SO ml) and filtered to pravidz 5.70
g zed-pink solid after removal of residual solvent at high vacuum. I H ~
(acetone-d6) was in accord with one dimetho:cyethane
moleculelpolyrrter-bound sodium ion. Sodium ions Nere exchanged fur
lithitun ions using the following procedure. A d.0 g sample of fife sodium
form of the copolymer was suspended io. 100 m1 water coataiaing d.5 g LiCI
and stimod for 1 hr. 'The aqueous Iaytr was decanted, then replaced with
another aqueotu LiCI solution further moda~ed by 10 addition of methanol
(40 ml}. After I8 hr) the top phase was decanted and replaced vvth another
aqueous charge ofLiCl, and the mixture was stirred and filtered. The solid
was washed with distilled water ,mtiI chloride ion in the effluent could
not be detected. The red solid was air dried, then azeotropically dried
using toluene. Ethylene cQtbonate (0.44 g, 5 mtttol; dissolved in toluene
IS (S mI) was added to the copolymer suspension in toluene, and
distillation was continued untl? water ~~as no longer e~rident is the
distillate) The resulting solid was collected by filtration undzx nitrogen,
then placed an a high vacuum line for 3 hr. to provide 4.0 g of solid, rlt
(thin film) cachibited band at 2205 cm-1 assigned to CN stretch. 20 1H NMR
was consistent with one ethylene c~rbon,ate molcculc/polymcr bound Li ion.
rCP showed that exchange of Li for Na was essentially coz~aplete. DSC: peak
melting temperacurc a 1d0.6 (15.8 J/g}. 



EXAMPLE 4 In the present example, a small molecule reaction is presented as
an anahg 25 to the forrnatio~a oi'a cyann-substituted methido iononoer. A
mixture of di~oQathoxyethane (30 ml}, nonafluozobutaae sulfonyl flaoridc
(1.43 g, 4.75 nztrrol), and sodium hydride (0Z28 g, 9.5 rnarol) was treated
slowly with a solution of malononitrilc (0.314 g, 4.75 mmol) in
dimethoxyethane (4 ml). Tcmperaturo Increased to 35C with evolution of gas.
The mixture was st~,tred for 30 X 8 br.: filtered tlnrounh glass fibez
paper, and evaporated to provide 1.b3 g of yeltow solid. Credo product was
recrystallized by dissolution in a minimal volume of totra~b~ydroflu~n and
adding diethyl other to fdmn solid. IvGxtwre was cooled at 25 and filtered
to afford 0_59 g of solid. R intense bands at 2219 em'I and 2195 crrm I
assigned to CN stretching beads. a~F N~. (TI-1F-d8}: 3 5 -80.93 (m)
aa27.3), -113. d (ro, a=17.6a - I 20. 7 (m, asl 8.8), - I25.8 (m, a=18.'i,
consistent with CF~CE~CF2CF2S42C(CN~N~ 18 AMENDED ~NEET   21 August 2002
~~AN~'LB 5 In the present e~campl~, VF2IfSF,PVE copolymer is converted to
the liihiurn dicyanomcthide derivative. A 300 rnl flash was charged with
VF2/PSEfVE copolymer (5.00 g, 4.73 meq~ti~r. of 502 and dimethoxyethanZ 5 (
100 ml). Lithium hydride (0.075 g, 9.5 mequiv) was added and the mixture
was stirred while ma,Ionoztxtrile (0.313 g, 4.75 tnmol) was addtd as a
solution in dimethoxyethane (5 ml). 19F NMR (DMSO-d5) spectrum was
identical with that described in Example 3 and was consistent with complete
conversion of SOZF groups. 10 Bulk scruple was allowed to settle and the
supernatant removed. Dry toluene (100 ml) was added and the solid was
collected by filtration. Removal of residual solvent under high vacuum
afforded 5.54 g of red solid. 1H NMIt (DMSO-dud: dimethoxyethane signals at
3.45 and 3.25, VF2 signal 3.15 to 2.7 sad 2.4 to 2.18. I~SC: peak malting
temperature =163.3 C (14.5 J!g). 15 ALE b 1.0 gram of tho Iithiium-form
polytnar of Example 3 was zoixed with 2.5 grams ofpropylene carbonate (PC,
E.M. Yadustries, Selectipur) on a hot plate at 100C izx a nitrogen purged
Yacuum Atmospheres glove box until a clear deep rtd gel resulted. Thus gel
was melt pressed at 120eC with 132 N (3 klbs) pressure 20 using a Carver
Hydraulic Unit Model #3912 press inside the glove box to give a I02
micrometers (4.Q mil)'.hick clear pink film. A 1.0 by 1.5 cmz section of
this ~lxn was cut with a razor and assembled into a four point pmbe
conductivity cell. conic conductivity was determined according to the
method of Doyle at ~, N098/20573. The conductivity of the film, under
ambient conditions was equal 25 to 7.75x10- Slcz~o~. A second sample of
this mcm6rane was immersed into an excess of a 1:1 by volume mixture of
ethylcna carbonate (>rC, E.M. Industries, Selectipur) sad
gamma-butyrolactone (GBL, E.M- Industries, Selecapur) for 30 minutes at
room teutpexature. At the end of this period, the membrane sample wa.g
removed and 30 blotted dry and its weight and ionic conductivity were
mea~urcd. The :elm was highly swollen but still scxong and elastic tvhen
fully imbibod with sole cntr Weight uptake of flue film was 7b6% and the
ionic conductivity was Z.s~x~~-3 slim. A third sample of this membrane was
immersed into an e:rccss of a 1.0 M 35 solution of LiP~'6 (E.M. Industries)
lu 1:1 by volume EGGBL for 3 D minutes. At the end of this period, the
membrane sample was removed and blotted dry and its weight and locale
conductivity were measured. The lm had gained little total weigbvt as a
result of rlxe imbibing period and its conductivity was 3.14x10-3 Slcm. i9
' p~END~'D EFiET   



21 August 2002 EXANIPL S 7-16 iu these e~camples) tho fcollowing reagents
were cnaploycd. Acctonitzzle, purchased from EIvI $cicnce (Ciibbstown) New
Jersey) was xefluxed over PZOS for at least 12 h, collected under dry
nitrogen; it was stored over activated 4 ~ 5 molecular sieves and used only
in a dxy box. Potassium fl~.~oride wan purchased from Aldrich Chcnaical
Company; melted in a Pt dish with a torch and placed immediately in the
chamber of the dry box; ground and stored thereafter inside the dry box. CF
3 S O~NH2, purchased froaa TCI America (Portland, Oregon), was sublimed
twice at 10-3 Ton while using gin, oil bash temperature of 60C and a 10
water cooled sublimation finger. Z~a dust was pwrchased from Aldrich (< 10
micrometers, 98+%) and activated with HCl according to standard procedures.
PSF,.PVE was synxhesized according ito the teachings of U.S. 5,453,005
(1995). It was distilled under vacuum. I(CF~4I) available from TCI,
Portland, 15 Oregon,was converted to NaS 02(CF~)~ S02Na followed by the
reaction with chlorine to obtain CISOz(CF~4SOgCI according to the teachings
of Qiu and Burton (J. Fluorine Chcrn.) 60 (1993) 93-100), C~FgI, available
from TCI, was converted to, C4FgS02Cl according to the teachings of Hu and
DesMarteau (Inorg.Chem. 32 (1993) 5007. 20 248.0 g (0.556 mol) of distilled
PSEP'VL were coolod to 0C with an ice bath. Under a nitrogen atmosphere, 30
ml (0.582 mol) BrZ were added dropwise with as addition fhnn~el over a
period of 6 h. The orange color of excess bromine persisted for 30 min. The
reaction mixture was washed with I00 ml of a 5% 25 NaHSQ3 solution. The
product turned milky. Aftor washing with I04 ml water twice, the char
product was dried with Na2SO4 oven night. The drying reagent was xemoved by
filt~taodoal through a glass ft~t. The colorless) clear liquid was
distilled at 40-43 C at 6.9x10-3 kPa ( 10 3 Ton). 1.5 g of P203 wexe added
at~d the compound undcra~ent a second vacwrn distillatio at 40-45 C at 30
6.9x10-3 kPa (10 3 Torr). 'Y"ield was 3'12.1g. Inside a dry-box filled with
nitrogen, 15.4g (104 muiol) of CF3S02:~TI-I2 obtained From TCi,
inc.(Portland, Oregon) were placed nrn a 500 ml round bottom ;flask. 200m1
of anhydrous acetonitrile were added tbllowed by 29.5 g (509.7 rnmol) of
anhydrous KF. 69.43 g (114.6 mmol) of the dried brominaxed P`SEP'~E 3 5
prepared as hereinabove desczt'bed were addod. The reactiau mixture was
stirred cad slowly heated to moderato rehvx fvr 48 h. The reaction mixture
was filtered throw a paper filter inside the dry box. All volatiles ware
removed and the 20 . ,. .,.: ` ~ 'A~~f~~L:ub::~,: '~r v` ''   21 August
2002 white residue was dried at 115 C for 12 h wider vacuum to prer-ide
74.9 g of product. The material was dissolved in i 00 m! arnbydrous DMF.
7.45 g (148 xnmol) of ~n powder were added to the filtrate and the mixture
was stirred 5 for I h at zoom temperature. The mixtuze was filtered and the
residue was washed with additional 25 m1 of anhydrous D1~'. The flash was
brought outside the dry box and most of the volatiles were removed wader
vacuum. The residue was head under vacuum far 16 h xt 115C. The material
contained races of DlldF. 19F NMR in GD3CN showed the product 10 r~~as
CF2=CFOCF2CF(GFg)OCF2CFZS02N(K)SO~CF3 (8F, -77.8 --?9.3 ppm; 2F) -83.7 ppm;
1F, .112.65 ppnoi; 2F) -116.0 ppm; iii, -12l.0 ppm; 1F, -135.7 PPS 1F~
-144.2 ppm) EXAMPLE 8 150 ml ofHCl cone. and 150 ml of deionized water were
added to the 15 product of Example T) fotn~in.g a brown) oily mixture which
was stirred for 5 rnim and then fow times extracted with fresh I00 ml
aliquots of diethyl ~thcr. The diethyl other fractions were combinai and
washed thrGC tar~aes with fresh 100 ml aliquots of deionized v~ater. The
ether was evapo~ed wader vacuwax and the retraining brown oil was
transferzed to a 100 ml tad botdom flask The brow~~, 



20 crude material underwent two shortpath distillaiions to obtain 50.6 g of
tlae acid product CF2=CFOCFZCF(CF3)OCF2CFZS4zN(~SOZCF3. EXAMPLE 9 34,08 g
(59.26 mmol) oan acid pzoduct sy~6esized as in Example 8 was dissolved in
25 m1 deionized water. 12L1 ml of a 0.489N LiOH solution was ZS added. ~lll
water was re~rtoved under vacuums and t'he residue was dried at 100 C fox
24 h. Yield was 34.09 g of Cf2~FOCF2C~' (CFg) OCFZCF2SO~N(Li)SOZCF3 19F-NMR
in D2,0: (8F', 77.8 - -79.5 ppm; 2F, -86.0 ppm;1F, -115.5 ppm; 2F, -11?.3
ppm;1F, -123.4 ppm;1F, -I37.? ppm; 1F, -I46.1 ppm); el~nental analysis:1~
(2.45 % found" 2.41/ theor.), F (49.43% 34 fowo~d, 52.31 % theor.)) Li
(1.15% found, l . I9'/o theor.~, S (10. 83 / found, l I .03 ! theor.).
F.7~AMfLE to 30.0 g (94.2 mmol) of C~FySC~CI were~ced in a 254 ml round
bottom flask.125 m.l of anhydrous acetonitn7c and S5.1 ~ (948 nmol) of
fused KF was 35 added. The reaction mixture was stirred at room temperature
for 42 h. A,11 volatl'les were rotnoved and the residuo was heated eat 80 C
for 18h. ?8.6 g (4.62 mol) anJaydrous ammonia was added to the
uohectedvo3atile fraction at -194C. 'The reaction mixture was warmed to
room iemperaturt ~mder an inert argon 2I ,..,,,...,.,,~ ~. ~~
,~'~,tr~~.d`td,.~i.~ .< <: ~1:..:" 4   21 August 2002 atmosphere allowing
excess ammonia to evaporate oveznigl~t. All vvlatiles were removsd under
rracuum. The residue was heated, to 45C for 5h under i~acuum. The residue
was they treated with 154 ml anhydrous aeetonitrile and filtered through a
paper filter wide the dry-box, and solid was washed with an 5 additional
100 ml of anhydrous acetonitrile. The solvent was ?emovcd under tracuuza
and the residue was sublimed (?0C, 6.9x10-3 kPa (10 ~ Torr)) to yield 198g.
Ix4slde the dry box, 32.9g (543 mmol) of bromine protected PSFPVE prepared
xs izx Example 7 was dissolved in Z50 ml oi;'anhydrous acetonitrile, 10
14.8 g (49.5 munol) of the C~FgS02N~T~ prepared as hereinabove described
were added, followed bythe addition of 15.92 g (274 mmol) oused ~'. The
reaction utixture was maintained at 84aC for 96 k~. The reacuon mixhire was
cooled to room temperature and filtered. 5.45 g (83.3 mrnol) Zn powder wss
added to the f prate and the reaction mixtuze was stirred at zoom
temperature for 45 min. The 15 zeaction mixture was heated try 60C far 15
h. The excess Zn and ZnSr2 were removed by filtration and the solvent was
rcmovxl under vacuum. The yellow residue tons treated with 1 SO m1611 FiCI
and the product was extracted with four portions of 150 m1 ether. ?he
combined organic layer was washed with 100 ml water, and the solvent was
evaporatedto yield, after shortpath di~illation, 2Z.3 g 20 of
CF2=CFOCF~CF(CF3)C?CF~CF2S~N(1~S02C4Fg, as confirmed by tgF NMR. 1~ 11
Inside a dry box, 200 m1 of anhydrous acetonitrde was added to
C1S02(GF~4S02C1 (23.1 g, 57.9 mmol) mgether with anhydrous KF (2$. t g, 25
484 mmol). The mixture was stirred at room temperature. Fluorine NMR showed
that formation of the disulfonyl Fluoride ~cvas Complete sfler 17 h. The
reaction flask) maintained under inert atrnospb~re, wss equipped with a
reflex and an addition funnel. The mixture was heated to 80C and treated
with 5.81 g (100 nunol) of KF. 4 i3 g (29.1 mmol) of CF3SOZI~i2 dissolved
in 45 ml of 30 anhydrous acetonitrile was addsd to the stirred suspension
from the addition gel over a period of 6.5 hours. The reaction mixt~nce was
stirred and heated for a total of 71h. The reaction mixture was filtered,
and the residue was washed with anhydrous aeetonitrile. Combined filtrate
was evaporated under vacuum and the beige residue was heated at 90C for 18
hr. Yield was I4.95 g of 35 CFgSOZN(h:)SOz{CF~dS02F as confirmed by 19F
NViI~ in CA3CN: 1t4.9 ppm (SO?F) s,1F), -80.5 ppzn (CF3S02, s, 3F), 10$.2
ppna (CF2S02, s, 2F), -114,? ppm (CF2S42, s, 2F), -120.'7 ppan (CF2CFZS02,
s, 4F). N ~v SH~.~~  



21 August 2002 A.baut 55 g of anhydrous amaaonia were condensed to 14.9S g
(28.1 mruol) of CF3SOZN(~)SO~C,CF~)S02F so prepared. The presstue in the
flask was brought to 0.1 NIZ'a (1 at~n) with argon and the reaction mixture
was allowed to warm up to room temperature over a period of 5 h. The excess
5 ammonia was allowed to escape. The beige residue was dried under
vacuurz~, az~d heated to b0C for 18 hr. Insi3e the dry-box, the product was
dissolved in 150 tnl of anhydrous arxtonitrile and filtered. All volatiles
were romoved from the filtrate uader vacuum to pmvide Z2.7 g of product
CF3S02Ivi(K)SDZ(CF~4SO~NH~ which was dried at 9UC for 12 hours. 10 Inside a
dry-box, 20.2 g (33.3 mmol) o bromine-protected PSEP'VE prepared as in
Example 7 were added together with 125 m1 of anhydrous acctonitrile to 12.7
g (24.0 mmol) of CF3SOzN(K)SOZ(CF2)q.SO2NH2 pzepared as hcreinabove
described. The reaction was started by the addition of 7.0Z g (12I tnmolj
of fused Kl~. The reactiox< mixhue was heated to 80C for 76h. The 15
reaction mixture was altered through a paper filter to give the product
Cf3S42N(K)S02(CFA)4542N{K)SQ2CFZCF20C~(CF3)CF2pCFBrCF2Br. The product can
readily be debrominated as in Example 7. EXAD.tPLE 12 According to the
method of l~ample 1, a 1 liter autoclave was charged 20 with a solution of
12,8 g (22.0 mmol) of the ionic lifhium composition of Example 9 in 400 g
deioruud water, The solution was cooled and degassed and the reactor ums
charged withl5 g (0.234 n5,ol) of vi~aylidene fluoride. 'fhe solution was
brought to 6aC (pressure in reactor: I16.1 psig; rpm: 750) after which 20
ml of a solution of 0.201 g potassium perst~ate in 50 g daiooized water was
25 2edded oven a period of lb min. The reactor pressure diminished to 4
psig after 16h. THc copolyrncr was isolated by lyophilnzariozt_ held was
24.9 g of copolyrnex characterized by 10.8mo1-% PSEp'VE imide content, as
shown by 19p Nag" DgC showed T,a =1 b3 C (2'~ heat). Elemental analysis: '
H (1.96% found, 1.490o theor. j, N (1.25 % found) 1.26% theox.), p (51,04%
found, 55.68.~0 30 thcor.), S (5_d0'/o found, 5.~8% theor.) i H NMit
(acetone-d6): Cl~z at 3.8 5 ppm igF NMR (acatoza~-d~: -77.2 - -79.2 ppm
(m)) -91.2 - -13Q.0 ppm (series of m);  144.6 (1F) sidechain CFA. EX~rMPLE
13 35 0.$65 g oftine ionomer of Example I2 and 70 zeal acotone was stirred
for 12 h at robin temperature and then poured into a 10 cm PFA dish. The
solvent was allowed to e~r~soratc slowly to provide a copolymer film which
was peeled 23 ~AMEI~DED SKEET   21 August 2002 from the dish. The membrane
was heated in a vacuum oven at 100C for 12 hours after which it bocame
somewhat brittle. Film thickness was 120 micrometers. F~ LE 14 'fhe
procedure of Exatnpie 12 was followed, except the ionic comonomer 5 used
was 12.80t g of CF2~FOCFZCF(CP3)OCF,CF2SOZN(Li)S02CF3 (from Example 9) and
the quantity of vinylidene fluoride was 29 g. The VF2-copolymer was
isolated by lyophilization. The material was dried at 110C for 22 hr to
aH'ord the yield wss 40.7 g of ionotner containing 4.? mol-% of the lithium
imide as confirmed by 19F NMR. DSC {2"~ heat) showed Tm =16a.5G. Elemental
10 analysis: H (2.06% found, 2.l6% theor.}) N (1.78 % found, 0.74%
theor,.), Li (0.32% found, 0.37% theor.). 'H NN~R (acetone-d~: CH2 at 3.60
ppm. t9F NMR (acetone-d6): -77.2 - -79.2 ppm (m)) -91.2 - -l 30.0 ppm
(series of m), 



-144.6 (sidechain CF). EXAM,~'LE 15 15 1.122 g of the ionomer of Example 14
were dissolved in 70 ml acetone and heated to reflux for 12 h. After the
solution was cooled to room temperature, it was poured into a PFA dish and
the solvent was allowed to evaporate slowly, A clear film was easily peeled
from the PFA dish and was dried in a vacuum oven at 1D0 C for 12 h.
Thickness was190 micrometers. 2U EXAMPI,1,~16 A 100 m1 flask is charged
with 4.73 mmol of the Bmnune Protected PSEPVE of Example 7, dimethoxyethane
(20 ml), and lithium hydride (0.075 g) 9.5 mequiv.) The mixture is cooled
to ca. 20C) then stin^ed while malononitrile is added as a solution in
dimethoxyetl~ane. Afiter 18 br, the mixture is filtered and 25 evaporated.
Following the method of Example 7, Za powder is added to the reaction
mixture to regenerate the elefuuc bond. ~.3~ LE 17 0.50 grams of the
ionomer of Example 14 were mixed in powder form at 120C using a spatula
wish 0.5 grams of an ionomer comprising monomer units of 30 V F2 and 9.5
mol-/ of the lithium sulfonate form of PSEPVE prepat~ed as described in USA
Patent No, b,025,092 and 2.0 grams of a 1:1 by volume mixture of ethylene
carbonate and gamma-butyrolactone) both reagents Selectipur grade from EM
Industries). The mixtcue so formed was heated under nitrogen in a sealed
glass vial to 100C for several hours until a homogenous, clear mixture 35
resulted. This mixture was then cooled to form a gel. About 0.5g of the gel
was removed from the glass vial and placed between two sheets of Kaptony
polymide film (DuPont) and the combination pieced between the platens of a
Carver 24 'iAMEt~Di~t~ ~'i-iiyET   21 August 2002 Hydraulic Unit Model
#3912 preheated to 105C, and was pressed at 4400 N ( 104416s) ram foxce.
The f lm that resulted was clear and uniform and 10'7-119 micxozraeters
(4.2-4.7 :nits in thickness). Once cooled to room temperature, a 1.0 cm by
1.5 cry membrane sample 5 from this hot pressed fiiYn was cut using a knife
and then tested using the fourpoint-probe test described above. Solvent
uptake was nominally ZOOolo based on the as-prepared composition of ~,he f
lm. Conductivity was 82?x10- S~cm. An 18 mnt diamc~tcr circular specimen
was punched from the melt pressed film to serve as a battery separator
merubrane as hereinbelow described. 10 To form a cathode, the following
materials were weighed and hand.-mixed in a 54-ml glass jar iatsxde a glove
box under a dry nitrogen atmosphere: 0.625 grams (2.5 wt%) of Kynar Flex'
2801 polyrrinylidene fluoride, from Atochem. 1.75 grams (7.0 wt%) of the
ionomer o F~ple 14 15 15.5 grams (62 wt%) of LiCoOZ, from LM Industries.
1.625 grams (6.5 wt%) of Super P carbon black from ICI Carbon. 5.5 grams
(22 wt%) of a 1:1 by woluuae naixtuxe of eiltylezee carbonate and
gax~na-butryolactona (GrBf.), both Selectipur Grade, EM Industries 20 Tlte
mixture so formed was fed to the feed throat of a BSI-Mac extruder, model
CS-194 Extrusion conditions were as follows: Rotor temperature: 110G Header
temperature: 110C Gap betw~nrator and header: 0.13 cm 25 rotor speed; 192
rpm. The thus melt-compounded material .vas oxtrudrd tb~touglx a cixcula~c
die with a diameter of 032 can, and was collected in a glass jar purged
with dry nitrogen. A 1.0 gram quantity of the cxtrudate was was
melt-prosscd between the platreixs of tba Carver press at 1 t0C and 88 N
('x0 klbs) ram force inside a 30 nitrvgcn purled glovo box) followad. by
cooling and releaso opressure thereby fozming a film of 127 rnicmmetrcs (5
rr.~il) tluckncss. A 12 mm diameter circular specirnea was guzlched out of
the ~lmt so formed. 'I~e separator and cathode films prepared as
hereinabove described were each exposed for 2 hours to an clcctroIS~te
solution composed of 1.0 M LiI~F6 in 35 1: I EC/tIBL by immersion in 2-4
znI of solution in a sealed. gla~s,S via! for tvso hours. 



The so-treated cathode and separator film were assembled into sire Z325
coin cells with 3 layers of 102 microincters (4 mil) thick lithium metal as
the ZS ~~;!~~?~~~'J~i~ SN~'~ i   21 August 2002 negative electrode. The
coin cell was cycled ar the C/S rate for bath charge and discharge at mom
temperature between the voltage limits of ~ ~ V and 2.8 V. Capacity duri~
the fin;t charge for the LiCo02 cathoda w~xs 1 Q7.2 mAhr'g, while capacity
for the first discharge was 149.7 mt~hlg, giving a reversibility of 55.2io.
Capacity on the tenth discharge was 147.1 mAhlg and the coin cell achieved
nearly 100 cycles to 80% of its iu~i~ial capacity. 26 pMENDEf3 SHEET   21
August 2002 5 What is claimed is: 1. An ionic polymer (ionomer) comprising
monomer units of vinylidene fluoride and fiulher comprising 2-50 mol% of
monomer units having pendant groups comprising the radical represented by
the formula -(OCFzCFR)aUCF2(CFR'h,S02X'(M+)(Y)(Z)c (1) wherein R and R' are
independently selected front F, Cl or a perfluoroallyl group 10 having 1 to
10 carbon atoms optionally substituted by one or more ether oxygens: a = 0,
1 or 2; b=Oto 6; . M* is H+ or a univalent metal ration; X is C or N wlth
the proviso that c=1 when X is C and c = 0 when X is N; I 5 when c = I , Y
and Z are electron-withdrawing groups selected from the group COri51~t111~T
of CN, SOZRf, 502R3, P(O)(OR3~, C02R3.P(O)R32) C(O)RfC(O)R3. and
cycloallcenyl groups foamed therewith wherein R fis a perfluoroalkyl group
of I-10 carbons optionally substituted with urie or more ether oxygens; R3
is an alkyl group of I -6 carbons optionally substituted with one or more
20 ether oxygens, or an aryl group optionally further substituted; Y and Z
sre the same or different; or, when c= 0, Y may be an electron-withdrawing
group represented by the formula -S02R~ where R~ is the radical represented
by the formula -(Rf'S02N-(M+)SO~Rf" where m = 0 or 1, and Rt'' is -CnFZ,-
and R~" is 25 -CnF2n+t where n =1-10, optionally substituted with one or
more ether oxygens. 2. An ethylenically unsaturated composition represented
by the formula 30 



CF2=Cf-(OCF2CFRIaUCF2(CFR')bSO2C-(M+)YZ (il] wherein R and R' are
independently selected from F, Cl or a perfluoroa11ry1 group having 1 to 10
carbon atoms optionally substituted with one or more ether oxygens; 35 a =
0, 1 or 2; b=Oto6; M+ is H+ or a univalent metal ration; Y is CN and Z is
an electron-withdrawing group selected fmm the group consisting of CN.
SOZR3, P(O)(OR3h, Cl7zR3) P(O)R3Z, C(O)RD C(O)R3, and 2T pM,~~~~~ ,HEET
21 August 2002 cycloaikenyl groups formed therewith wherein R~ is a
perfluoroalkyl group of 1-10 carbons optionally substituted with one or
more ether oxygens; R3 is an alkyl group of 1-6 carbons optionally
substituted with one or more ether oxygens, or an aryl group optionally
further substituted. 3. A process for making a methide ionomer the process
comprising, combining in an inert organic liquid at a temperature in the
range of 0-150C a wpolymer comprising monomer units of vinylidene fluoride
and 2-50 mol-i of monomer outs represented by the formula: 1 U
CF2=CF(OCFzCFR)aOC'FZ(CfR~bS02F (IIl) wherein R and R' are independently
selected from F) Cl or a perf3uoroalkyi group having 1 to 10 carbon arenas
optionally substituted with one or more ether oxygens) $ = 0) 1 or Z, and b
-- 0 to 6; with a carbanion derived from a methylene 15 compound
represeztted by the formula CHZYZ wherein Y and Z are electronwithdrawing
groups selected from the group consisting of CN, S02R f,SO2R3, P(O)(OR3~)
CO2R3, P{0)R32, C(O)R fC(O)R3) and cycloalkenyl groups formed therewith)
wherein Rp is a perfluoroalkyl group of 1-10 carbons, optionally
substituted with one or more ether oxygec~s) R3 is an alkyl group of 1-6
carbons, ZO optionally substituted with one or more ether oxygens or an
aryl group optionally further substituted; and wherein Y and Z may be
either the same or different to form a reaction mixture; reacting said
reaction mixture until the desired degree of conversion has been achieved;
and, removing the bulk of said organic liquid. 4. A process for making a
methide composition the process 25 comprising, combining an inert organic
liquid at a temperature in the range of U-100C a composition represented by
the formula CF2A-=CFA(OCFZCFR)aOCF2(CFR'yyS02F (1~ 30 wherein A is Br or
Cl, R and R' are independently selected frurn F, Cl or a perfluoroalkyl
group having 1 to 10 carbon atoms, a= 0,1 or 2, and b = 0 to 6; with a
cxrbanion derived from a tnethylene compound represented by the formula
CH2YZ wherein Y and Z are electron-withdrawing groups selected from the
group cansistiag ofCN, S02Rf, SO~R3, P(O)(OR3h, CO~R3, P(O)R32, 35
C(O)RtC(O)R3, and cycloalkenyl groups formed therewith) wherein Rf is a
perfluuroalkyl group of 1-10 carbons, optionally substituted with otte or
more ether oxygens, R3 is an alkyl group of 1- 6 carbons, optionally
substituted with one or more ether oxygens or an aryl group optionally
further substituted; and wherein Y and Z may be either the same or
different) to form a reaction mixture; 40 28 Anus=c~r~w~ ~~~~f   



21 August 2002 reacting said reaction mixture until the desired degree of
convexsian has been achieved; anal, removing bulk of said organic liquid.
5. A grocers for forming an ionomer) the process comprising combining in am
aqueous reaction medium vinylidene fluoride with an ionic 5 monomer
represented by the formula CFZ = GF- (OCFzCFR)aOCF~(CFR~bS0~2X-(M'~)(Y)l~)c
whorein 10 R and R' ara independently selocted from F) Cl or a
perluoroallcyl gxoup hawing 1 to 10 caxbon atoms optidnaily substituted
with ore or more ether axYB~: a0,1 or2; b=0to6; 15 M'~ is ~f" or a
univalent metal ration; ~ is C or N yrith the proviso that c =1 when X is G
and c = 0 when ~ is N; when c =1, Y and ~ are electron-withdrawing groups
selected fmm the group rorZSisting of Cbl, SOZ,R,e S42R3, p(Oj(C)R3~,
GOzR3, P(O)R3z, C(O)Ri C(O)R3, and cycloallcenyl groups formed therewith
wherein Rf is a perfluoroalkyl group of 20 1-10 carbons optionally
substituted with one or more ether oxygens; R3 is methyl or e.hyl; Y and L
are the same or di~rent; or, when c= 0, Y naay be an electron withdrawing
group represented by the formula - S02R f where R~ xs the iadioel
represented by the foxxnula '~i~Sa2N (M~)Saz~nRf" wlxre rn = 0 or 1, and
Rf" is -CnF~-a nd R~" is CaFZa~t where n ~ 1-10, optionx~lly substituted by
one or more ether oxygen3, to farrtt a reaction mixtrue; introducing a fine
radical initiator; reacting slid reaction mixture to form an ionomer having
a melting poi 30 of l50C or greater. b. The ionomer of Claim 1 or the
composiddn of Claim 2 wherein M+ is an alkali metal ration. Z. The process
of Claims 3, 4 or 5 wherein hi`' is au~. alkali metal ration. 35 S. 'the
ionomer or composition of Claim 6 wherein ir~i~' is a lithium G~tJ.oIL 9.
The prooess of Claim 7 wherein M` is a lithvium ration 29 e^S"~
~:l~.E.,.~,~~ s,,~.w ,~   21 August 2002 10. The ionomer ~f Claim 1 or the
composition of Claim 2 wherein Y and Z are -CI~1 or-C02C.ZH5 when c=1, and
Y is-SOZCF3 or Y is -S02C2F5 when ~0. 



11. The Process of Claims 3 or 4 wherein Y and Z are -CN or -COZC2H5. 5 12.
The process of Claim 5 wherein Y and Z are -CN or -COZCH3 when c=l) and Y
is -SOzCF3 ar Yis -SU2C2115 when c=0. 13. The ionomer or composition of
Claim 5 wherein R is trifluoromethyl, R` is F, a = 1, and b=1. 14. The
process of Claim 7 wherein R is trifluoromethyl) R' is F, a =1, 10 and b=1.
15. The ionomes of Claim 1 characterized by a melting point greater than or
equal to 150C. 16. A conductive composition comprising the ionomer of Claim
1 and a liquid imihibed therewithin. 15 17. A melt processible conductive
composition comprising the ionomer of Claim 1 and a liquid imibibed
therewithin. l 8. The ionomer of Claim 1 wherein the concentration of ionic
monomer units is 3 to 12 m01 %. 19. The ionomer of Claim 1 in the form of a
film or sheet. 20 20. The ionomer of Claim 1 further comprising up to 30
rnol % of one or moxe additional monomer units selected $om the group
consisting of tetrafluoroethylene, chlorotrifliloroethylene, ethylene,
hexafluoropropylene, trifluoroelhylene, vinyl fluoride, vinyl chloride,
vinylidene chloride, perfluoroalkylvinyl ethers of the formula CF2=CFOR f
where Rg = CFA, C2F5 or 25 C3F6. 21. The ionomer of Claim 19 wherein the
additional monomer units are selected from the group consisting of
tetrafluoroethylene, hexafluoropropylene, ethylene, and pertluoroalkylvinyl
ethers. 22. The ionomer of Claim l further comprising a non-ionic polymer
30 blended therewith. 23. The ionomer of Claim 22 wherein the non-ionic
polymer is selected from the group consisting of poly(tetratluoracthylene)
and copolymers thereof with hexafluoropropylene or perfluoroalscyl vinyl
ethers, poly(vlnylidene fluoride) homopolymer and a copolymer thereof with
hexafluoropropylene, 35 polyrnethyltnethacrylate, polyethylene oxide, and
polyvinyl chloride). 24. The ionomer of C1aim 1 further comprising
inorganic particles admixed therewith. 30 ,~lr~EfVUED SNEE~F   21 August
2002 25. The ionomer of Claim 2~4 wherein the inorganic particles are
silica particles of an average particle dimension of less than 1.0
micrometers, the silica being present in the admixture at up to 50% by
weight of the total. 25. The conductive composition of Claim 16 or Claim 17
wherein the 5 liquid is a protic liquid. 



27. The conductive composition of Claim 26 wherein the liquid is selected
from the group consisting of water or methanol. 28. 1'he conductive
composition of Claim 16 or Claim 17 wherein the liquid is an aprotic
liguad. la 2~. The conductive composition of Claim 16 or Claim 1? wherein
the liquid is selected from the group c:or~isting of organic carbonates and
mixtures thereof. 30. The conductive composition of Claim 29 wherein the
liquid is a mixture of ethylene carbonate and at least orie liquad selected
from the group 15 consisting of propylene carbonate) gamma butyrolactone,
dimethyl carbonate, methyl ethyl carbonate and diethyl carbonate. 31. The
conductive composition of Claim I6 or Claim 1? in a form selected from the
group consisting of a film, sheet and gel. 32. The conductive composition
of Claim 31 further comprising a 20 microporous electrically insulating
polymer film or sheet within the mieroporcs of which the gel is imbibed.
33. An electrode comprising at least one electrode active rnaterial and the
conductive composition of Claim 16 or Claim 17. 34. The electrode of Claim
33 wherein R is trifluoromethyl, a ~ 1, M+ is a 25 lithium catioa, the
molar concentration of the ionic pendant group in the ionomer is in the
range of 3-12 mol-%) and the liquid is selected fornn the group of organic
carbonates and mixtures thereof. 35. The electrode of Claim 33, further
comprising carbon black, wherein the weight ratio of ionomer to electrode
active material is between 0.05 and 0.8 30 and the weight ratio of carbon
black to electrode active material is between 0,01 end 0.2. 36. An
eleetrochemic~el cell comprising a positive electrode, a negative
electrode, a separator disposed between the positive and negative
electrodes, and a means for connecting the cell to an outside load or
source wherein at least one of 35 the group consisting of the separator)
the cathode, and the anode, cotnpriscs the ionic polymer of Claim 1. 31
~j~.;,;,_, rr?~.=1; ~E~'~   21 August 2002 37. An electrochemical cell of
Claim 36 further comprising a liquid selected from the group consisting of
organic carbonates and mixtures thereof, the liquid being imbibed in the
ionomer. 31A ~a~'.LI1~F3~~~' ~~tu~l~~'~ .A[.AS.`.Ay.A.A
.AF{L.A{.A_.ALA.A3.AF..AU&%.AUe.Ash.A39?.AYh9.A`.A.A.A.A&h99.As.A.A2.A9.AU&
.A,9r.AL.A.AAR.A9&%.A9R 
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