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therefrom with lithium ionomer form of Naﬁ0n® 1100. Membranes formed of the
25  lithium ionomer form of Nafion® 1100 are swollen with PC, NMF, and ethanol.
It is disclosed that after ca. 10 minutes of solvent soaking at room temperature, the
specific conductivity of the membrane exhibits no further increase. Specific
conductivity as high as 1.8x10-3 S/cm is found for a membrane soaked in NMF
for less than 10 minutes. Membranes swollen in PC provide a specific
30 conductivity of 6x10-5 S/cm. The former solvent cannot be used in lithium S
batteries due to its protic nature. Propylene carbonate is known in the art to be a
good lithium battery solvent, but the conductivity disclosed by Aldbert et. al. in
Nafion® 1100 membranes is less than 104 S/cm, too poor to be of practical
utility. Solvent to polymer ratio in the solvent swollen membranes was less than
35 1.

- In Zawodzinski et al., J. Electrochem. Soc., 140, 1041 (1993) a
Nafion® 1100 membrane is heated to 105°C prior to exposure to water at room
temperature. The effect of the heating is to prevent the achievement of maximum
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El ectr ochem cal Sobekstyl, Palymer,y. 3499733381993 disrloss pesfivorofithivec, Canada,

di scl ose fﬂ%{g %ﬁ%s Ehobfien 1ﬁ%uﬂ1eﬁﬁ‘§gol%ﬂt&’ﬁi&ludfr%rprbp}fléhetﬂﬁiﬁﬁhtbs ,
provi di ng hi spe | c.,conducti vi.t SO u ons. Gﬁ § | pns of *
non- pol ynerall‘iPhﬁ’SB tos; Ph S e Eé?ﬁealt‘hp{% 4 Q}ﬁeﬁfﬂf"é‘#{ sol vent's
are di scl osedelling p The nekessityrof soaklmginwoiueghlvsqﬁe,csuéhaspropbdmcavbdnytei n cases
of limted golubildi.t I | whi ch

af fords hi gﬁ ra%e&?&ﬁ#%ks{@&s@lo?@t 'ﬂle)&? E%E&Es@ E’%%%%Foéﬁlg&}:«g bonate are
di'scl osed. Snal | Parromptal., §Pe°!ﬁ9 Qendwstivity offiithiva kis(ifloramsthangs conducti vity
of an epgct Eﬂkaﬂm;ﬁf&etmim i Nebures36F Aprotic Solvéiashseastalofqui d

RSV sk e e s T
Electrochemical Society May 4-9, 1997 meeting, Montreal, Quebec, Canada,
disclose dimethoxyethane (DME) as a good solvent for lithium salts providing
high specific conductivity to solutions thereof. Solutions of non-polymer lithium

25  salts in certain combinations of aprotic solvents are disclosed to provide
particularly high specific conductivity in cases of limited solubility of the -
electrolyte membrane in the solvent which affords higher conductivity. Mixtures
of DME with propylene carbonate are disclosed. Small amounts of PC do not
significantly alter the conductivity of an electrolyte solution in DME.

30 Nonagqueous liquid electrolytes for lithium batteries are disclosed in Okuno '
et al, U.S. Patent No. 5,525,443, Disclosed are lithium salt solutions formed with
solvent combinations of linear and cyclic esters the cyclic ester being selected
from the group consisting of ethylene carbonate, propylene carbonate, butylene
carbonate, and gamma-butyrolactone, and the linear ester being selected from the

35  group consisting of diethyl carbonate, dimethyl carbonate, ethyl formate, methyl
formate, ethyl acetate, methyl acetate, and dimethyl sulfoxide.
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combination having a CPV of at least 0.3 mS/cm, to form a FLIEPEM witha
conductivity of at least 0.1 mS/cm.
-, This invention further provides for highly fluorinated lithium ion exchange
polymer electrolyte membrane (FLIEPEM) comprising a highly fluorinated

25  lithium ion exchange polymer membrane, the polymer having pendant

fluoroalkoxy lithium sulfonate groups, wherein the polymer is either completely
or partially cation exchanged; and at least one aprotic solvent imbibed in said
polymer membrane the FLIEPEM being characterized by a conductivity of at least
0.1 mS/cm, the aprotic solvent or solvents being selected from the group

30 consisting of dimethyl formamide (DMF), dimethoxyethane (DME), ethylene '
carbonate (EC), propylene carbonate (PC), dimethyl sulfoxide (DMSO), gamma-
butyrolactone (GBL), N,N'-dimethylpropyleneurea (DMPU), 1-methyl-2-
pyrrolidone (NMP), dimethy! acetamide (DMA), N,N'-dimethy! butyramide
(DMB), triethylphosphate (TEP), n,n'-di-n-butylacetamide (DBA), and mixtures

35 thereof; or a mixture of PC with a solvent selected from the group consisting of
DME; EC, GBL, dimethyl carbonate (DMC), and acrylonitrile (ACN); or being a
mixture of EC with a solvent selected from the group consisting of DME, GBL,
DMSO, diethoxyethane (DEE), and DMC; or being a mixture of NMP with a
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and MSU or bemg a mixture of EC and DME; or being a mixture of ME and
either ACN or DMSU or being a mixture of EC, DMF and a solvent selected from
the group consisting of DMA, DMSO, NMP, MG, GBL, TEP, DME, PC, MF,
THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or being a
25  mixture of EC, DMA and a solvent selected from the group consisting of DMSO,
NMP, MG, , GBL, TEP, DME, PC, MF, THF, SULF, DMC, ACN, MA, DEC,
DIOX, DEE, EA, and DMSU; or being a mixture of EC, DMSO and a solvent
selected from the group consisting of NMP, MG, GBL, TEP, DME, PC, MF,
THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, DMSU; or being a
30 mixture of EC, NMP and a solvent selected from the group consisting of MG, ’
GBL, TEP, DME, PC, MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE,
EA, and DMSU; or being a mixture of EC, MG and a solvent selected from the
group consisting of GBL, TEP, DME, PC, MF, THF, SULF, DMC, ACN, MA,
: DEC, DIOX, DEE, EA, and DMSU; or being a mixture of EC, GBL and a solvent
35  selected from the group consisting of TEP, DME, PC, MF, THF, SULF, DMC,
ACN; MA, DEC, DIOX, DEE, EA, and DMSU; or being a mixture of EC, TEP
and a solvent selected from the group consisting of DME, PC, MF, THF, SULF,
DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or being a mixture of EC,
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DIOX, DEE, EA, and DMSU; or being a mixture of PC, DME and a solvent
selected from the group consisting of THF, DEC, and DIOX;; or being a mixture
of DMC, DMA and a solvent selected from the group consisting of DMSO, NMP,
MG, GBL, TEP, EC, DME, PC, MF, THF, SULF, ACN, MA, DEC, DIOX, DEE,

25 EA, and DMSU; or being a mixture of DMC, DMSO and a solvent selected from

~ the group consisting of NMP, MG, GBL, TEP, EC, DME, PC, MF, THF, SULF,
ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or being a mixture of DMC,
NMP and a solvent selected from the group consisting of MG, GBL, TEP, EC,
DME, PC, MF, THF, SULF, ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or

30  being a mixture of DMC, MG and a solvent selected from the group consisting of
GBL, TEP, EC, DME, PC, MF, THF, SULF, ACN, MA, DEC, DIOX, DEE, EA,
and DMSU; or being a mixture of DMC, GBL and a solvent selected from the
groh'p consisting of TEP, EC, DME, PC, MF, THF, ACN, MA, DEC, DIOX, and
EA; or being a mixture of DMC, TEP and a solvent selected from the group

35  consisting of EC, PC, SULF, and ACN; or being a mixture of DMC, EC and
either DME or DIOX; or being a mixture of DMC, DME and ACN or being a
mixture of DME, DMF and a solvent selected from the group consisting of DMA,
DMSO, NMP, MG, GBL, TEP, EC, PC, MF, THF, SULF, DMC, ACN, MA,
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DMVE, PC, M-DMUT-ACHIINIA, B@N, DwX DEE; ER)| 424 DMISES; oEBemQBGhJQMEan or being a

t f ted f t f
e of, Bl oS80 B By SO RGBT TEE B 0,
of DMC, 10EPPSLME, EdF,\&ULF, sDM@cA@N MADEEGeDIOXUPEREA, andBMSU; oy of EC,

PC, SULF, Dl OX;
bl ng a M 3?5“@%’%5&”8@?%%’3%%’9%‘%‘%‘F%‘?%@“#]WM and a
sol vent sel é@te&%?@n{v{ﬁaé‘f&% UB'FCQM@’sM:Ng , D5 DINGEBEERA, ant, GBL, TEP,
EgT/ Bg97}\/598M28 U; 5t bding DiMixturd@ DNB, TEP and%l@éﬂtﬁél&ié’d ﬁ‘om the group f DI\/E -
r. bein

and a sol veff? %%E%quf? oﬁﬁegéﬂo&ﬂ&j@w’s‘? ﬁ@g&mm%%%
TEP, EC]S PCand/k solveit, selgciel frobivibe gradiy. convistin@ied MIE) THIE, SOEE, DMC, AGN, DIVISU Lor
being a m Xmeng Bibx Bﬁﬁ%ﬁn&_@)ﬁ@g‘ ?E@Ek&ﬁ*ﬁfl‘: ngélﬁé%“p

t THE L ACN, MA,
E)E?:SI E)I IO;]( @ECHMCCQH@%SW cgesistipe.pfiHE, HEC, gpd s RAEEIBgA a sol vent
sel ect ed f r aiixtubeoDME) MP agi éiihbﬂSUDF oNﬁCNE@:beﬁEE,mlEﬁre HfOMEB; THRHF, SULF.

N, RO M e S R i ol SU7 P B B 9 DV 1
20 DIOX; or being a mixture of DME, DMC and ACN; or being a mixture of DME,
ACN and a solvent selected from the group consisting of MA, DEC, DIOX, DEE,
EA, and DMSU.
*Further provided is a process for forming a FLIEPEM, the process
comprising contacting a FLIEPM with at least one aprotic solvent, ina dry
25  environment, in the temperature range of -40 to 200°C, to form a FLIEPEM with a
conductivity of at least 0.1 mS/cm; the solvent being selected from the solvents in
the paragraph immediately hereinabove. '
This invention further provides for a lithium ion battery comprising one or
more electrochemical cells comprising a positive electrode, a negative electrode, a
30 FLIEPEM having a conductivity of at ieast 0.1 mS/cm disposed between the
positive and negative electrodes and in ionically conductive contact therewith,
and a means for connecting the electrodes with an external electrical load or
source.
This invention still further provides for a porous electrode comprising
35 particles of an electrode-active material, a highly fluorinated lithium ion exchange
polymer and at least one aprotic solvent suitable for the practice of the invention.
This invention still further provides for a process for forming an electrode
the process comprising forming a solution or dispersion of 2 highly fluorinated



10 PC, MF, THF, SULF, DMC, ACN, MA - DEC, DI OX, DEE, EA, and DVBU; or
being a m xture of DME, GBL and a solvent selected fromthe group
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DEC, ‘D OX, DEE, EA, arBRIBERESCRIRTION GF SHEDRAWINGS: ocess for forning a
FLI EPEM the prodggsre QGHDws Nafieh® 0106 BW)ébndudtlsitpRMralatibn ithlseReht one
aprotic solvent, .in a dry 25 environnment, in the tenperature range of -40
to 200[err] E2 4% rm a FLIEPEMwith a conductivity of at |east 0.1 nS cm
t he sol vent bei nFigwedchews Cormhttdndaewme:atcnlatqd cohductixity gndimeasunetedi at el y
her ei nafgy e cod fictivied Y6 ifilled NEAGHD SRLAUIRA if Bhatd biVeh HRden attery

emcaq S CO 1 SLng a posit ive

conpri sing one or
el ectrode, a negatlve l' conductivity of at

least 0.1 nf/cm dbﬁmﬂﬁdgd;ﬁﬂmﬁsaﬂlmmsnthe/marwhglemtdomu&due@hdodes and

N duct tact t d t th
el ectrodes SPETOM SR CareRTRe RO AtAT R elipR e endRRUSHR | on o1 1
further proHabesyef, omulaﬂlppre@uslmreanmmmumng:h&fgepohmld:ri cles of an
. el ectrogs- agjde &ﬁgg%ﬁ%ﬁabﬁinehédﬁéeﬂ%% el l(lgite}ﬂ"é fiiappnge

pol ymer "and:at one ag otic so vent sulta or the practlce of the

i nvention. -baftariasyJdthivm hatieries pffenfhe H%ﬁSIbHFtM\PiEG@EC‘F%B oth bighpoverped f or ni ng
an el ect r odgighhén ﬁ% emmwmﬁngdnﬂ&qﬁﬁémmgo@ﬂ&u&hbmmaname%w on of a
at
W

P’IC%]' /h |U>é9f7} ligrgl % 2RV T t%% ﬂgﬁa%mmf ?lﬁ%tf")o%f" lﬁ%xybr?nef h]hﬁesul fonate or

sul fonyl fl dest @%eelﬁablmbrﬂgp highly oxfdative ang teductive comditienssi on an
el ectrodg aghiriGeARicdfhintbaRerids Erk!i £odnd Rhipetafird SridusiiRA R aRtaSt €;
formng a f I l W g/ rr(x)lrpn tﬂpeeabggl%g IoP 8roBc species. No such combination has been
prekusly known in an ion exchange polymer electrolyte membrane, nor has any
method for producing lithium ion exchange polymer electrolyte membranes
therefrom been proposed. With the surprising discovery of the high conductivity
25 FLIEPEM of this invention, a practical barrier to the development of lithium and
lithium-ion batteries has been overcome.
For the purposes of this invention, the term “highly fluorinated” means
that at least 90 mole-% of the hydrocarbon hydrogen of the analogous non-
fluorinated polymer have been replaced by fluorine. This invention provides for a
30  highly fluorinated, preferably perfluorinated, lithium ion exchange polymer '
electrolyte membrane (FLIEPEM) comprising a highly fluorinated, preferably
perfluorinated, lithium ion exchange polymer membrane (FLIEPM) imbibed with
at least one aprotic solvent, the solvent having a conductivity parameter value
(CPV), as hereinbelow defined, of 0.3 or greater.
35 For the purposes of this invention, the term “conductivity” used herein
refers specifically to ionic conductivity as determined using the so-called four-
~ point probe technique described in an article entitled “Proton Conductivity of
Nafion® 117 As Measured by a Four-Electrode AC Impendance Method” by
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sulfonate.
Preferred polymers for use in the present invention are copolymers of TFE
25  with up to 50 mol-% of a perfluorovinyl monomer having a pendant group
represented by the formula:
-(0O-CF,CFR),0-CF,CFR'SO3Li,
wherein R and R’ are independently selected from F, Cl or a perfluorinated alkyl
group having 1 to 10 carbon atoms, a =0, 1 or 2. Most preferably, R is CF3, R'is
30 F,anda=0or 1. The preferred polymers include, for example, polymers ’
disclosed in U.S. Patent 3,282,875 and in U.S. Patents 4,358,545 and 4,940,525,
which are herein incorporated by reference.
. As disclosed in the references hereinabove cited, the preferred polymers of
the invention are prepared by copolymerization of tetrafluoroethylene (TFE) and
35 the perfluorinated vinyl ether
CFy=CF(~0-CF,CF(CF3)),~0-CF;CF,SO;F
where “a” = 0 or |, respectively, perfluoro (3-oxa-4pentene sulfonyl fluoride) or
perfluoro(3,6-dioxa-4-methyl-7-octenesulfony! fluoride), followed by conversion
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In the perfluoro ion exchange polymer preferred for use in this invention,
lithium groups constitute 1 to 100%, preferably 100% of the total pendant metal
cation exchange groups. Less than 100% conversion to the lithium cation will
25  result in a higher effective equivalent weight. Less than 100% conversion of a
fully-hydrolyzed, acid-exchanged form to the lithium-exchanged form leaves
highly acid groups (H+) which will degrade other cell components and the active
hydrogens will be reduced at the anode to hydrogen gas, depriving the cell of

electrochemically active lithium ions.

30 Any method of hydrolysis known in the art is acceptable in the practice of '
this invention for conversion of the perfluorinated ion exchange polymer to the
perfluorinated lithium ion exchange polymer. One method found to be
satisfactory for converting an unhydrolyzed sulfonyl fluoride (-SO,F) precursor
film to the lithium ionomer comprises:

35 1. Positioning the unhydrolyzed film in a beaker on a hot plate.

2. Completely immersing the membrane in an excess of 1.0 M
LiOH in a 1:4 DMSO:water solution and heating to T = 60 to 80°C for ca. two
hours.



35 the perfluorinated vinyl ether CF2=CF(-0O CF2CF(CF3))a-0O CF2CF2SCRF

where "a" = 0 or 1, respectively, perfluoro (3-oxa-4pentene sulfonyl
fluoride) or perfluoro(3, 6-di oxa-4-nmethyl-7-octenesul fonyl fluoride),
fol | oned MO B8R0FE si on 8 WO 98/ 20573 PCT/US97/19828

PCT/ US97/ 19828 to sul fonate groups by hydrolysis of the sulfonyl fluoride
groups and lithiumidn Reoloaingitimgthus prodeckddithiomcionemert franp thetbeakkrsi red f orm

In the art ghgif gmgmanﬂai PALYERLmb ALl Qict e concent rati on of

|on|cally o g units.rs exp ressed In terns of_ so-called equival ent
wei ght . Equi'val erft \ieptngt egs@mbé@?eaaé?salgrwwe.dmn@ﬁ@weq ).,
refers to th@rmyﬁ}%o@fhog,rsam;:(ﬁola(gby@er required to supply one eqw val ent
of ionic_functionality eter.m ned b ds or
spectrostopi ¢ net-hods: %i(}gtmns%? "?Qg’r‘&ﬂeé“?%c‘{“f’{?‘é?ﬁ%n @@ﬁmé tioned in
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Sul fonated Styre MErhial ol ymers",
@é@@m& étﬁ’t‘ nﬂgs& fcﬂ'Qhe hy%&dlg§§'ﬁxd lithialigf &ef

El ect rochem cal ety Procee pages 247-250. The
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hi gher conducti viTig LiTmsnbemmtacedwﬂsaq‘aprot;dﬂotveafdféhQ invemtion, s si nply
that there ipforérabl,dhel cqMGR St Uptike IsOBhiEyed. IPRIIPE urdBlstooiHyont  Of

pol ymer. ot»he- 'S oun e practice of “the present

i nvention tﬁmprﬁﬁélqnsm & #biapd pehereinbelgwishpwnsfhat theamopmt g salyent ower
crystallini wnm&mbﬁnmebbghefaﬁalcwmm@&mn deperfd pon e @ppaget y per unit

bor 71uofd | HAiB0R A 3R SoculR BEnt of\nd Soiheribtbite Hﬁffﬁ@n?ﬂ%f wifbe" ) i um

groups consS#elrunéhelsneelﬁz@mdwaﬁélem@elmdﬁmbedtﬂﬁfemmtal pendant net al

cation exchapathriehdient é&ﬁﬁnampr fRGFRpeLE ,gpda&etcanalhsnétbtabmuge cation
wll 25 re In a ﬁg’HFr effectlve equil val ent wei ght. Less than 100%

ul t
conver si on obigcts ¢ M9y ed, aci d-exchanged formto the
| i t hi um exchanged@hé boilingpainesf the gsiventdchat ceiticalsut ¢hdsplveht bstwemhindegr ade

other 5b! SHINGIEP w8 MR ARG NAIRINE olfdled i EhGSH,2! (Do anode

to hydrogen eprryin
pomt ofa solvent is lowered by the FLIEPM, thus Li-ion mobility is expected in

these systems below the freezing point of the solvent. Thus, a boiling point of at
least 30°C is preferred, with a boiling point of at least 50°C most preferred. If the
cell is pressurized, temperatures in excess of the atmospheric pressure boiling

25 point may be employed.

It has been found that the conductivity of the preferred FLIEPEM of the
invention can be predicted with a high degree of sensitivity from a computation of
what is designated herein the “conductivity parameter value”, a function of
solvent-related and polymer parameters. The combinations of polymers and

30 - solvents, including mixtures of solvents, suitable for use in the practice of the
present invention are characterized by a conductivity parameter value (CPV) of at
least 0.3 mS/cm. It has been found in the practice of the invention that for an
FLIEPEM imbibed with a single solvent the value of CPV can be determined
from the equation

35 CPV (mS/cm) = 4.902 x 10-5((W3 « D)/(njsMW))0.965 « [2.0092 - (0.0012 « EW)]
where

W = 100[(Ww-Wa)/W4]
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el ectrochenically active lithiumions. 30 Any met hod of hydrol ysis
known in the art is acceptable in the practice of this invention for
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o o e Gl 3B i Cop oE GRS B b 1.,

freezing poi retcogmzatlmbbommembrdnmhmﬂ exhyibit hmdﬁmﬁBMreathuham -ion mobility

;S bgf‘f’?ﬁtgegop'i x}:§4‘§§ne il Bk S e AN by RTPY QbW TS RRYGH, of the solvent. Thus,
The term “CPV” as used herein encompasses F. LIEPEMs imbibed with

20  just a single aprotic solvent and FLIEPEMs imbibed with a mixture of aprotic
solvents. Different methods for determining CPV for single solvent membranes
and solvent mixture membranes are disclosed herein. However, in both cases,

CPVisa predicted value of the conductivity based upon membrane and solvent
parameters, and the significance of CPV for single solvent and solvent mixture '

25 membranes is the same for purposes of this invention.

Figure 1 depicts graphicallyi the relationship of the experimental data,
hereinbelow disclosed in the specific embodiments of the present invention, to the
line defined by the equation for CPV, without the bracketed correction for
equivalent weight.

30 Li-sulfonate ionomers which differ in equivalent weight and/or the
perfluoroolefin fluoroalkoxy sulfonate comonomer exhibit different functional
dependence of conductivity vs. the solvent parameters in the CPV equation, as
indicated by the factor within brackets in the equation for CPV. The correction
factor for equivalent weight was determined experimentally.

35 _ The weight uptake of solvents in a membrane of choice may readily be
determined with a minimum expenditure of time using simple laboratory
equipment. Specimens of the membrane need simply to be weighed prior to
solvent exposure. then exposed to the candidate solvent under anhydrous
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| east 30C is preferred, with a boiling point of at |east 50[err]C nost
preferred. If the cell is pressurized, tenperatures in excess of the

at nospheri c pressure boiling 25 poi nt may be enployed. It has been found
that the ¥@@8@857%ity of the preferred FLI EPEM of the inverRdmuswass2Be -
predicted with a high degree of sensitivity froma conputation of what is

designated herejn the "conducti vit ara er. val uey funct,i on of

sol vgnt-rel ﬁ@g'tﬁﬁﬂp"ﬁ(ﬁf‘mlfe tﬁﬁ?sdﬁélileerptagge @’E’&Hﬁf ﬁoa{qogﬂ'?uﬁfmﬂ&? yners and 30
sol vent s, i rexipuoslire gmyeraturees thé rapge vLmwbs), temperatind © I30PCuweferablt he practice
£ th : : . o "

0 e pr es‘%@{)mgg%ﬁé}ki ?&Bafgecc ?:}fqﬁﬁpf ?%glgflg?d/aﬁ?‘%é}ﬂé’éﬁ?ffﬂo the sRRERTEL €T

val ue (CPV) eas een found 1 n the practice of the
i nvention tH®th.-for an FLI EPEM i mbi bed with a single solvent the val ue of

%E/ ca]n( 1(53\8 det er i Wﬂ?bé aﬁz]retnhe: @ﬂtwsiéignn %ﬁoaététﬁEthé Sﬁgdg&lzviﬁy df-t992w>§ W
err ror]i. : - , : .Where W=
100[ ( W err ] _&\kﬁgﬁi\&) %%E&Sr l]\’l]palf(l\bl/k[/)\zg S\W@tzo g eof S%?Vent, %hat forEa\rlx\g' ]glven
PCT/ US97/ 19828venhandFIMERM the imeight & ugtakehdtan bk mdde torvarposera pl us t he sol vent
absor bed by I d@ﬂéﬁ ' <IN} : ESHRr prior to
sol vent absoéroggif%?émg'%&%i St ?ﬁgdlgﬁgﬁl?sog ‘Eﬁgt@gpégﬁ% T glcc;, "[err]" is
the room t erthereforethet the sersliictiyitiachiqyed sathwengrtiquiar FLMEREMican be made "My i s
t he m)l Q]LOU![ ﬁb vw’dcg}aiaeé%sidwanbbwaugmmdbo%ﬁ@laﬁd nfembrarey\ l-' uiiablettbﬁtlﬁqui val egt "
wei ght o e hydr zed nenbrane in.grans per uimal ent . err], an
are all avaiﬂrﬁ%°§°? i nf’fﬁ%vdges‘iﬂﬂdg%tﬁv.n’y Pe @gﬁ?ﬁlﬁg‘zﬂ@ é'gti mental |y
for the nenisomeeonditiqusesfisoaking. Ththe qasaoi somé sniveBRy/onlyanatrowtangenofacket ed
correction f e il L H e 8N L lbd N the
experi ment a|saﬁ,’§%?&g°8§€%‘ﬁ°ﬁ‘§%%fhﬂ‘gm§%em I C enbo‘gﬁngﬁ%{?ﬁh%{léei nbel ow,
for a copol yWueh providegthgabjechef the inyenfion. dn gthsk sases, 4 ohject 9T gt enesul f onyl
fluori dqf)s hgﬁﬁﬂﬁpﬂﬂviﬂﬂﬂ providedioverd wide r&fge%ﬁsc;}lﬁerﬁ@enﬁétﬁig-coﬁéitibhﬁ beI f)bvitous
to one of ski i.p. the ar t her.e i s sone d nharent certainty to a
experimental cor rI&sé?'i“}ﬁg?hﬁ\ﬂ‘g%{qaﬁtSVe%gﬂgniﬂfat ﬂﬁgngé% Lgl‘f‘%fﬂ?c"fi}ﬂ%teﬂ practice
~of this invésnadwntagbeus. Whiledt isgime @osupinghubteasnpbletteperformgthe nenbr ane
charact eri zgflcfiaryméaSireiderds 8f sﬁéﬁlgé‘rﬁm_@{e}é ne8ddd 8iabplg tROGfkHGéAsVi Ly Of
>10[err] S/¢m .thée og(fct Ofenthhe r{gﬁgent | ofn g%e of .%el Il 1n,the art wll
further r ec&&Fﬁ‘ oy, 10 dedssmine the, pondwetivipiaTasolyens wpdidats ferise iR Rty greater
t han 20  lithium battery, it is particularly onerous to perform all the necessary

measurements for screening combinations of solvents. However, by following the

method for estimating the conductivity for mixtures, hereinbelow, this can be

avoided. Tables 1-5 list the computed values of CPV greater than 0.3 for some

solvent combinations in an 1100 g/eq. Li-ionomer formed from a copolymer of v

25  TFE and perfluoro(3,6-dioxa-4-methyl-7-octenesulfonyl fluoride). The
parameters of the equation for mixtures were obtained by fitting the actual
experimental data obtained for certain solvent combinations hereinbelow

-

1€

exemplified.
It is found in the practice of the present invention that the CPV of a lithium
30 ionomer contacted with a combination of solvents can be calculated from the
following equation.

12346

CPV™ (msiem) = 0.893 (ch)
} :

35  This equation was determined experimentally using binary solvent mixtures of 1:1
solvent volume ratios.
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0.1 nS/cm wll be characterized by a CPV below 0.3 nS5/cm The term " CPV'
as used herein enconpasses FLIEPEMs inbibed with 20 just a single aprotic
sol vent and FLI EPEMs inbibed with a nxture of aprotic solvents. Different
met hods f owaost2e$73i ni ng CPV for single solvent nenbranes anecralisewns2s

m xture menbranes are di scl osed herein. However, in both cases, CPVis a
predi cted val ue of the conductivity based upon nenbrane and sol vent
parameters, and the significance of CPV for single solvent and sol vent

mxture 25 crwrbma@m& sl dthlﬁ. ammabufuem Woamusafc,tmﬁadhwaﬂé tentd=i gure |
he ex ri ment dat a, herei nbel ow

depicts gr aphl t he Lg o4 shi

di scl osed in'® @“é’t‘fﬁ’? ﬁtﬁ%d ﬁ%?ff%‘ oid l'f'h 8‘}5'%'"?‘%8%‘“ on, to the line
defined by the equation for CPV, wthout. the bracket ed correction for

egui val ent wei ght. 30 (L¢”'§G~F fwr%ﬂé" |pn9;neg-sm%) ch differ in

equi val ent wei ght and/ orgt he= QMWW sul fonat e
cormononer exhi bit different functi oWa¥;dependencs of conductivity vs. the

sol vent paraneters in the CPV equation, as irndicated by the factor within
brackets in the equation for CPV. The correction factor for equival ent
wei ght was deheraifEtt ishsaneaswrrd yplug of e conductivity gfibe wengiirana gyalles of

sol vents in %ﬂﬁms%'%nﬂiloﬁ@@ﬁﬁérﬂ%é fAEEorh; WPyt RI PétBentividigid N ni-mum
expendi ture of@i( rrF LiSI ngbw Iabo at or g}u rrelnt eC| rrens of the
menmbr ane needPEKAHT SPlyent fgﬁaamp‘r &hswodlea iy the splvest 85t hen exposed
to the candi daltelatedlin ehietequatitar - anhydr ous WD 98/ 20573

PCT/ U89710.9828.cond| tions for exposure times in the range of 10 m nut es to

1000 hours and at Mre t heax{ 81g f2 o8t enperature to
230[err] C, pref era oom t@ﬁ%@ tﬁi&) §6[rer§] C, bz!ﬁd ji nal by re-wei ghed
after renoval fromthe sol vent bath It will be apparent to one
of skill in;the art that the conduct|V|ty of the FLI EPEM depends in parts

upon t he wei g}hgre% i derdsenindd ficth e dquatidipt for any given solvent and FLI EPM
t he wei ght % upt ake can be made to vary over a considerabl e range dependi ng

upon theysgol vent contacting condi tlw and therefore that the conductivity
achieved with a particul ar FLI EFER jcan M¥pade 10 to vary over a

consi der abl e range. Thxso-r‘-'ﬁ s suitable for the practice of
this invention provide conduc (Wﬁga 0 m ) nS/cmunder at |east sone

conditions of soaking. In the gase 0f sone sol vents, only a narrow range of

20  where the sum over ‘j’ is the sum over all solvent components in the mixture, &
and DNj are, respectively, the dielectric constant and donor number; 7; is the
viscosity of the ith component of the solvent mixture in centipoise; €{™X is used
to indicate the maximum value of all the dielectric constants; i.e., a comparison of
the dielectric constants is made for each solvent in the mixture and the maximum

25  value is chosen. Donor Number has been defined by Gutmann (V. Gutmann and
E. Wychera, Inorg. Nucl. Chem. Letters, 2, 257 (1966)) as a measure of the
basicity of a solvent. It is the negative enthalpy of reaction of the solvent with the
Lewis acid antimony pentachloride. W%;me2s is the measured value of the weight '

uptake in the membrane when the film is swollen in the ith solvent alone; nmix is

30 the value of the viscosity in centipoise for the mixture of solvents calculated using
the following approximation formula

™ =exp{Y [x In(7,)]}

35  where “exp” is the exponential function or antilogarithm, = designates a sumn over
_ all the solvents in the mixture, and In is the natural logarithm function.
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possi bl e del eteriqus ef fects ungn jhe |ifetime and performance of a lithium
battery formed frdm . S HHHG It is often
desirable to enpl %ﬁiﬁm}wﬁs ITEAS) SHEBE HASSRERMREh sol vent provi des a
benefit. We9820%Rpl y afREPLACEDgher st abi | PCI/USTE9828
conditions of use in a battery, whi ' S higher ionic
conductivity. By conbining the two. the resultant polyner electrolyte

1.0 la¥aV 2

menbr ane expi--s—hgierri9 PO
PCT/ US97/ 19B3H s ap| Gitg| wdlag sl vent| wpulld provi de and  hi ghier
conductivitylhap €he|othe| & pulld prqvi fle.} I n sjong cpsqgs, | known in
the art, thp—resiH-tpht—ploferi bgt-tprHRpA-fe—$Hpte—p-g—et—# Xt ures
predicts. ane R} d|se]| &r 3 entls .and m xtlur ¢s of japfotfi c|{so] vents
which are 5 1 he L Budent iSan® v_arel erfnl bydd in & sbednd
subsequent s@live tgbgta:tging In It]he p_rocé_sz of thelinpention.| after
a first swe|l@|ng|stepijenplqy? I'veqt Jhijchli g net jof |t he ilnvént) on but
whi ch causef gxT¢nsf V4 SWENr] Ol yr’rﬁr. Oy {by] 1 pcT pstjon| ot} t he
first swell S ei) §re§a°n nd of “ubsequerkt wgl It ng stepl is the
conductivit f fhel rdsultdn 1 pl dct Follyt nibr ahe Igr éatler than
10[err] S/ cmeoNuegbgd gplaveat n}i npatijlong df s$ol vents|arle $uifable
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menbr ane nust be separated. Solvents and solvent m xtures suitable for the
practice of the prem@Shect HasBekd KEp |a¢eacl ude those selected fromthe group

consisting of dineth HEE (y&%ﬁ hane (DVE), ethyl ene
car bonat e Wa&98/20578 op E‘§ floxi eeTORYBDS28 -
[ rret \1[ nr |

ganmma- but yr ol act one rea (IDMPU),
1- et hyl - 2- pyrrolldone (NI\/P) d rret hyI acet ani de (DI\/A) NN - d| nmet hyl -

. butyrami de- ( - FEP =T putyt tay DBA) ,.
and m xt ures} gler DI |[PCl wijt hja B5] $pl \yen eI bctled |from
the group cohg|st | o|di pretihyl clar bohpt ¢ ( ) , | anld
acrylonitril p ; : £ BC—wh spttent—getpeet f
group consistw'gg WT 1, % PR #let hoxlyef hahe (@EE), and
mixture of NV |wi {ITlaNgdTvERtSkBec f he br Pl cdnsl sel
WO 98/ 20573 | w ol =| ol gl 3| & g N Q@
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or DMBU or a m xture of EC, DMF and a solvent selected fromthe group

consi sting of DMA, DMSO, NWP, MG GBL, TEP, DME, PC, MF, THF, SULF, DM,
ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or a m xture of EC, DVA and a

sol vent sWQ@M20§7F rom t he group consisting of DVBO, NWVP, MEBCT/USNI198285 -
TEP, DME, PC, MF, THF, SULF, DMC, ACN, MA, DEC, DI OX, DEE, EA, and DWVBU, or

a mxture of EC : moauféohmnbn 86th dt feh @ firfiSoBeMUdneRtigg St i ng of
NWP, MG, GBL, C, DI OX, DEE,

EA, DVBU; or’t%P ?ﬁ’&?'u?"ég 8‘?"°E@g tkk‘ll\?g‘egrf ¢ g%?%t @gfggb?l\@aixﬁ%ﬁf t he group

consi sti ng ofolvdats. GBthe ehtiiodiniivE of the pradess ditte irdentionSidnfprisG\nly A€N, MA, DEC,

the gr otp. cost Efitert Wbl ok iR endrmMarShEkRcal aifibe SEUECT B 11O
DEC, DI O%, DBEFention, apkereipgiscloses. 1 the smbadiment of CR%ES%#& @ INYENHRM t -

sel ected fr Oipnigitsedsétend SQQ@h&fubﬁl%oWenfrdiﬁtacMsteﬁﬁmd\fﬁst sbh¥ent SULF, DMC,
ACN, MA, DEC, m Xt urq\aﬁc& e TEP and a

sol vent sel elei"é'a‘eﬂféaEFWé"&?/866‘38&8&?%%&%9 BV@RFS’&SO SULF, DM,

ACN, MA, DEGnvéertiod, DEE, EA, --and DMBU; or a m xture of EC, DI\/E’ and a

?)Elcvegf O;el eD(I:EtEEdEkr &@%g%%%ﬁg@f%%@fnv%oﬂm firstdovenbMC.  ACN,  MA,

PCT/ US9 7401 9 sor@tanking step e salvensaf fhesinyentiop is gmploned, apd fos seepmd splvent ox: or a

m xture of E&nta-EHEg ae aﬁlabi‘bﬁ& s&EEhtCWhn@l )y oPmay ¥btbieditself oFthe ibatiand DI OX;
or a mxture of m, xt ur of P}CE DMF and a sol vent

'
sel ect ed fr dheFH oygffl %‘?f ngxglaﬁap We GBL, TEP. EC,
DME, MF. THF, 5 InSbeEbeﬁdiMethh@E@ce@l@ﬂle inrRtion/a Smtm or a

m xture of R le%&yé&inv%?}ét %&.@E&ﬁa&tﬁg%f}aw £QRsadt i ng of

DVSO. NWVP, MA, DEC, DI OX,
DEE, EA l5%anc congacting sfep; Whereisris F@Pl%}isbs%ﬁ%d §°l§?ﬂt:\}b'h st 8ol¥eAted from t he

gr ou pDE(C:: 0 n% II Sﬁdui%E mite é‘ﬁ'éanvé/ﬁ su@Bing tgfﬁgoﬁ& thilythe dh’EoFx)ldTlfﬂlas Sbﬂ:d:fog@/gx Vﬁﬂ\l 10
sei ected fr gﬁ??ﬁé’ﬁj? gﬁ% Bﬁeﬁ?f eﬂﬂmb?ha‘\g" ta%lglgfgﬁée I\%Q%‘)Pvﬁﬁt, STHF SULF,
DVC, ACN, Mandiégher RomiGetiDi is @luevad thapiviiyld baveabem attained the firsCand/G and a

sol vent  sel E&Q'l é&ﬁ@ém sHipll Qribite h%{dglwsowen%tacaﬁgmﬁc DVE, M, THF,

SULF, Dl\é[(:) In an altemaéve emboqﬁ_mentEAf\'the process oy the 1nvent10n, a mixture of
aprotic solvents is made, at least one of which is of the invention, and the
membrane is exposed thereto in a single solvent contacting step.

. In a further embodiment of the invention, a protic solvent such as
methanol, is employed in a first solvent contacting step of the process of the

25 invention, in order to cause the lithium ionomer to swell, methanol being a
particularly effective swelling agent for the lithium ionomer. Upon exposure of
the methanol-swollen ionomer to a second, aprotic solvent in a second solvent
contacting step of the process of the invention, it has been found that a higher
uptake of the second solvent, and higher conductivity, is achieved than would

30  have been attained had the first solvent contacting step been omitted. This
embodiment is less preferred because it is believed that some residue of the first
solvent remains after the second or subsequent solvent contacting steps, with
possible deleterious effects upon the lifetime and performance of a lithium battery
formed from the membrane so-produced.

35 . Itis often desirable to employ a mixture of solvents because each solvent
provides a benefit. For example, one solvent may afford higher stability under
conditions of use in a battery, while another affords higher ionic conductivity. By
combining the two, the resultant polymer electrolyte membrane exhibits higher
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15 m xture of PC, GBL and a solvent selected fromthe group consisting- of -
TEP, EC, DME, M-, THF, DMC, ACN, MA, DEC, DI OX, DEE, EA, and DVBU; or a
m xture of PC, TEP and a sol vent selected fromthe group consisting of EC,
DVE, M-, WBE9s/8Ist+, DMC, ACN, MA, DEC, DI OX, DEE, EA, and [DN33/S93/19828

m xture of PC, DME and a solvent selected fromthe group consisting of 20

THF; DEC, arﬁa%mhaxpﬂhe@nmmmwoqfd de BM% hét candhivR thamh@@th@:d from
t he group COI’]?I sti n THF,

SULF, ACN,  MRIvepEwodd ‘b%é”ﬁ‘&”%?ﬁd‘ ip b, o el ey ‘?51\&%?’ DVBO. and
a sol vent sedrebtmﬂtlﬁmnmbb rglemi‘mnxmralpsédmg of NWP, M5 GBL, TEP, EC, DVE,

PC, M, THF, SULF a mxture
of DMC, NMP and a sﬁgnw agPﬁgsoQL: PF%&“‘E?S&%‘RCOW*M?

TEP, EC, SDvef ttnanvmmomwn they gre em&ove«m thpgcondprbseguent elvenhing DI\/SU "or

a mxture of &B@m@@e hes@arth%%@ah&d ahe O Tifsh Swalift e £0n8| sting of
GBL, TEP, EC_ DVE, EA, and

L
DVBU; or a rmRinyiag 615053%‘ W%E‘Lisaml gths mvsem%[‘ﬁ%ﬁf% eXERSNE t he group
consi sti ng ofwelliig offthe pélviner. ROnly Yy inclidion Sf3he fidddsweliA stEp GdécedingltheA; or a

5 Bl B I BB R
m xt ure O DigStrobyementbranegreater shaw bort $/emof DIVE DVF and a sol vent sel ect ed

fromthe group coshélobssbitdnts D coll¥iationd\6T soRents abdsuitebik forhisPin fie.  PC, M,
THF, SULF, xt.ure of

EA, ,and , or _a .
DVE, DVA an@@&&%ﬁﬂ% ‘“é’é‘?teg’& &&QW%?HWH%QWB‘C@BP?%# SHE}"’B‘E“ 5 NWP, MG
GBL, TEP, EG kdyGactdf; tholigh noShe bnlyBuior, ACi¢teriininpHE, cobiovitpaftheEA, and '
DVBU; or a
PCT/ U897/ 19@§5§§E§Rd§§4§ mc;é@ ? %&gz‘ﬁ‘ om tlrghsmrl%%opl)veé%sr’15| sting of
NVP. MG 15GBImemprane may simpl y cormme 4%}!?urﬂaed'b‘&'@lat)x DEE, EA,
and DVBU, orroamrfhmetaﬁn@ﬁ‘o doheve Mgz%qﬁhanﬁxﬁlsweﬁt@w@@h@ roduén t he group

t T, DEC. DI OX,
eE. 5 e RREN R phisvsaci, oot iV, Baking LR BOpRAE B e (1 om
the group cdosasipnggs to @Biks of fiere, BRY be@squited taradhievelenwilibimg, uptes, MA, DEC,

DI OX, DEE, k R leRkd Rthepansiet ¥E& sel ected
from the or gﬁop"@%ﬂs‘fgg?:{n beet PG&H&!%@ é%"{%e TR, SULE, DMC CACN, MA,
90°C is beneﬁcxal m reducing the necessary soaking time.

The specnﬁc means of solvent contacting will similarly depend upon the
particular solvents and membranes employed. In some cases, the objects of the
invention can be achieved only when the membrane is soaked in an excess of
solvent for period of time extending to days or weeks, or at elevated temperatures.

25 However, in other cases, the membrane is exposed to an amount of solvent which
the membrane imbibes completely and rapidly, leaving no excess from which the
membrane must be separated.

Solvents and solvent mixtures suitable for the practice of the present

 invention include those selected from the group consisting of dimethy! formamide
30 (DMF), dimethoxyethane (DME), ethylene carbonate (EC), propylene carbonate '
(PC), dimethyl sulfoxide (DMSO), gamma-butyrolactone (GBL),
N,N'-dimethylpropyleneurea (DMPU), 1-methyl-2-pyrrolidone (NMP), dimethyl
acetimide (DMA), N,N'-dimethy] butyramide (DMB), triethylphosphate (TEP),
n,n'-di-n-butylacetamide (DBA), and mixtures thereof; or a2 mixture of PC with a
35 solvent selected from the group consisting of DME, EC, GBL, dimethyl carbonate
(DMC), and acrylonitrile (ACN); or a mixture of EC with a solvent selected from
the group consisting of DME, GBL, DMSO, diethoxyethane (DEE), and DMC; or
a mixture of NMP with a solvent selected from the group consisting of DME,

20



DEC, .DI OX; DEE, EA, and DMBU; or a m xture of DME, TEP and a sol vent 10
Sselected fromthe group consisting of EC, PC, SULF, ACN, and DWVBU, or a
m xture of DME, EC and a sol vent selected fromthe group consistin MF,
THE, SULFWORABOSECN, MA, DEC, DI OX, DEE, EA, and DVBU, or al"?ﬁf??%ﬂlgméf DME,
PC and a solvent selected fromthe group consisting of THF, DEC, and D OX;
or a m xt ur e DMSOMEBLVBMiNdne DiMisr orSiinixuane oAGHL with DEG ot DME: of aDVE, 15

THF and eit h?‘l{l?tttﬁ}él'gf M%uﬁa _s%leg{ed% thgg'n;: gad%‘ilsﬁhﬁé‘@ﬂ’ DEC or

DIOX; or a mX or a m xt CN and a

sol vent sel edteﬁwltmmﬁth@%bwgw Ps(?,mg WtMOH% a'ﬂl”@@“’ ®EE, EA, and
DMVBU.  Sol ventgeabd! ol (e Bloupiciisistiag oP DMA! DRMEJ. mMphmemyaglycaeteof t he

PR o R TR S S SRl SR P R e

m xture of Pgulfélake (SULHF)VBMC, MManaUylfacaatet(NéA)gD&@plmgx@anmg of DME, EC,

GBL, DMC, L th
group cons?gﬁb &%%Wﬁ%@é) Eﬁg\glﬁ‘g‘hgl %%C%%Danﬁé ﬁg)ghf)egpNNPevm th
a sol vent 25D @tselyemrsgmeﬁéwgr @eﬁrmpélﬁﬂrﬂgf’f MS&?E »GBL, DM,
and DVA, or GBI\.WECOD@LP@MMP nEE,wprcQACN A} DEE, DIORC and DMVE

wth a s mthe rou I ng. of and PC. More
preferreg6 E\Lﬁﬁ%naﬂgf’mﬁ PB@%@ ﬁfg "éé%gged%? ures

t her eof , andgmuptoonastmgmfrbMP MiQ, IGBL:, TEP EC, DME RS, WA TREI $I3LBd from t he
30 group CopgrShCREMA, BRE D D%EdE g, Bf £hruRbINOVPLAG Practice

of the invenfion’are’a mxture

of with at
| east one adaiselveptselestsd fom %GF%C@BSIF‘F&HQM@ 8?&%&%@1 QMEJ f GBL, PC,
DEC, DMSO, amF, mﬁ SUILF, DMCSACKE M4, BEC) BIOX, DEE, EA candDMSY; pt s ent

t b tt
cont 1 gur & ?Lig@ rlréﬁma% veme?caﬂiq&% ﬁ?ﬁ;ﬁ?g?g’?ﬁﬂgm e‘i‘ec?ﬁé yte
nmust not onl MBRO,AVE )/ SPLFa I3 b > b anthe
g: ggt ; ggﬂgm f)'l\*l ﬁngllr%t ] ri% tgﬁ&ﬂﬂ%&’ﬂféﬂté&é@dggﬁcﬁﬂﬁl lﬂ L:ylﬁf)!mn Eg choi ce
of 23 d mixture o
- PCT/ US97/ 1982&%@@50%& seRictediffins theAgoupasnsistisgof BC, PG, 8T AGNal .. " New

el ect ol yhe TEFPARES: CORRRLLLPER SABAIE: GShinklE DM indeitih hege 2n0°

or DMSU or a mixture of EC, DMF and a solvent selected from the group
consisting of DMA, DMSO, NMP, MG, GBL, TEP, DME, PC, MF, THF, SULF,
DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or a mixture of EC, DMA
and a solvent selected from the group consisting of DMSO, NMP, MG, , GBL,

25 TEP, DME, PC, MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and
DMSU:; or a mixture of EC, DMSO and a solvent selected from the group
consisting of NMP, MG, GBL, TEP, DME, PC, MF, THF, SULF, DMC, ACN,
MA, DEC, DIOX, DEE, EA, DMSU; or a mixture of EC, NMP and a solvent
selected from the group consisting of MG, GBL, TEP, DME, PC, MF, THF,

30 SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or a mixture of EC, '
MG and a solvent selected from the group consisting of GBL, TEP, DME, PC,

MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or a
mixture of EC, GBL and a solvent selected from the group consisting of TEP,
DME, PC, MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and

35 DMSU; or a mixture of EC, TEP and a solvent selected from the group consisting
of DME, PC, MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and
DMSU; or a mixture of EC, DME and a solvent selected from the group
consisting of MF. THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and
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Li | +xMh2O4/ carbon Li-ion cells". Solid St. lonics, 69, 293 (1994), the
stability of a particular solvent against.-a particular electrode depends on
the kinetics of the 5 sol vent breakdown process which cannot be predicted
by theor yWOM8®8573t he suitability for use of any parti cul ar PEBIUSSTII982%h0i Ce
in a particular lithiumbattery configuration needs to be determ ned on a
case by cas®MSbi 6r bmlite&tdtrﬁg: Meag] amu DE¢t® DIOX: heamixmeé@ldi@per ating

envi ronment ¢ 0 fic enbo nts
her ei nbel ow cn%gﬁrg (,509 ven% r%\lf(( V\%ﬁ?% 6@&@% ¥é 'Ei%ﬁ" good
stability i ﬁch DEGend QHQX @Ta mmmah?ﬁan/kﬁgndcqmﬂmthm/frmﬂment s. The
FLI EPEM of thi, eom@ﬂg &brggﬁgbgg@cg hgtpemmermﬁté@romﬁa may be

formed ipto ami:%rM r a%? own means. However &'formof a _
flat nmendbraf&lij CSAE&M rEC. BHQ%eEE{EA aad DMS Uk er axmivsure PQ me to -15
achi eve t he DMAIdnd@ sobief sefekted o theigydupyconsistingefeBMSD, NMPOMES)0

Thi ehmose gL B0 Bk i 5B ¥ Dbl Aol MR RECCERIE, BER | ) e

achi eved by Edxand &IMSUner a mixture oARCt BMSOhindok ssilyent sel¢atediirarh thegronpnbr ane
N 'e?ﬁ’id by@ffé??ﬁ%i@fﬁﬁﬁb%% 3"(‘1‘2”‘*‘*’%? ucég%y sol ut i on
cast i ng FoBLP: A¢ dDMSUs gra mc"FFBrelR{ﬁ gelvetier s

i rzt C\%drﬁbgléc:‘leubf%#o%%thegmpmﬁsﬁﬁ;ﬁwm%?tm;%mmmmm tg for mfthe
aci i cheig. & dé{ &g{ﬁg ggesrdn,&wrg}greo

al cohol sucﬁ- an I of* 2 nol
preferred, Mft?rnnd\,aselwentsaleﬁect&onﬂthqgroup@onqmguoﬁﬁsBIofl‘EﬁeECLDMEnat ed ion
3?222?86 Le%"?%‘m DO e DML 5% "0 Lo g ve
the Iith %@1’6 ,@ﬂﬂﬁgﬁqtﬁé?fé%ﬁmw&rpvnefo}swnasofﬁé PrBsor anestt o
be- cast, thBME,tMF THE, ACN, M, DBE, DIOK, DBE, aieDMSU;ag@d, usin

B i ok ot et b et
The solids cont (p c‘fM 8 ecle oa:c ﬁ@fg GTIVI ng off

rsion
some sol venPME, MﬁeTHHd$ULBrD1&C SN MARDEL, BIGX; BEEF B4s andDM$dkease t he
Vi scosity Obr 4 AxtlieSdTPC; DME @hd & Sb1vért Q8lectdd BomaRs! blof @a o!fs deposi t ed

o oo T, Bt ad Bl DUE D0 A 1 #od. o he

ed O her
t echni ques wbgmpnamnmdmmemmrm%@mm; EQ, DME) P, MF tIHF,art, are

caual L, o SOLE RO VAL DETBR ufl St L e o on
as net hanol PM¥Qaod pselvent gelegied Eramsthe gronp sensisting of iMP, (MGE@BinJEPC are
added to t hECADME, PG, MF, THE; SULF, ACN, MA, DEC, DIOX, DEE, EA, and DMSU;
25  or a mixture of DMC, NMP and a solvent selected from the group consisting of .
MG, GBL, TEP, EC, DME, PC, MF, THF, SULF, ACN, MA, DEC, DIOX, DEE,
EA, and DMSU; or a mixture of DMC, MG and a solvent selected from the group
consisting of GBL, TEP, EC, DME, PC, MF, THF, SULF, ACN, MA, DEC,
DIOX, DEE, EA, and DMSU; or a mixture of DMC, GBL and a solvent selected
30  from the group consisting of TEP, EC, DME, PC, MF, THF, ACN, MA, DEC,
: DIOX, and EA; or a mixture of DMC, TEP and a solvent selected from the group
consisting of EC, PC, SULF, and ACN; or a mixture of DMC, EC and either
DME -or DIOX; or a mixture-of DMC, DME and ACN or a mixture of DME,
DMF and a solvent selected from the group consisting of DMA, DMSO, NMP,
35 MG, GBL, TEP, EC, PC, MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE,
EA, and DMSU;, or a mixture of DME, DMA and a solvent selected from the
group consisting of DMSO, NMP, MG, GBL, TEP, EC, PC, MF, THF, SULF,
DMC, ACN, MA. DEC, DIOX, DEE, EA, and DMSU; or a mixture of DME,
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WD 98/ 20573

PCT/ US97/ 19828 resulting dispersion is cast onto a substrate. The net hanol
preferenially evaporates. l'eaving the filmalready inbibed with desired

sol vent s. WoH#820888ul1 ting filmis then heated to coal esce. NBCAABTIWAHI step
of soaking in a solvent is required. 5 This invention still further
provi des foDMSQandasoblriceleowd momiheigsoupcopsistingoS¥MEE Min. @BbCTERde-

active mat egcape, Ml i SULK BMOIACH, MADEE! DIOX BEBADNCnaqhMSR); Of ! he

i nvention and at [ east_one rotjc solvent i nvent i on., Exanpl es of
usef ul el ecPF dHUXHES ?%Nyﬁ? andsa sqlyeny aelected, from the gropp coRRIStog of o, car bon
(graphitic MGCGRE; TEREEC, PC,IMF UTHFESOLF,/DMO, AGN,MANDES, DIOX, DEE,

Li N i d t bt t.al ' i_\Vh2O4,

i coce B e and DMt BF BV MR Ao BERESR B Tl el blE Y 1 o
of the |ithconsistimgef&iBL, TEPHECE PG Mire THE, SULFoDME.AQN: M PEC.and 40% |In
one enbodi I f f Wal I ' aste is |
Formed w t hE1OX: DEEEA aAE BMSY s o e B OME, ﬁﬂgsa?ﬁﬁ?@fﬂ hium i on
15  exchanenpegreup @nsigting of iER EGRG MFa‘lﬁ-blﬁ Ly g‘?écxg b such as
water, al CODE|G, DIOX?D@.%UB?S, a?ﬂ DM?EIoﬁh@li:ﬁhr@@ﬁmMEm’EH a(cbdnicgv@tm f(t uI(]eI -oft
an aprotjc sql vent, npst_ prefer c n d_an al cohol, to
whi cﬁ dﬁépeFé?%ﬁyﬁﬁ@ntg%Eﬁgﬁwfﬁﬁﬁ%g%%?ﬁosgigcgp\%aﬁ%ﬁgﬁ@’l e referably in
t he form of mixtueewf&PME, ECdud asoliieniselestedifram diegrous sonsistingefMFp| ast i ci zer,

and opt! onairy), SHE ive MER! MiE DI, DIV DEE A B DMEBR PR RifedRCd. A
filmfromthe -$oati Ng £aste s deposite

on a substra a t he sol vent
evapor at ed. OfRME,RGanda sqlysnt sclegtedsrer the goup ﬁ@‘séFﬁ‘ﬁEPE;Woﬁgﬁ apdat and/ or
pr esﬂj're’ pmbmaghmikmrddim)MWﬁdwimf%UDBo@ACb&Q:_raaﬁicﬁw_ d»ﬂ)MB:;:E - '
resul ti e rode.is N i\Baformsujta
The coa?gsom C?WSH%@EPMESI’PH&?" T |%éewpy&‘§{gn?§g1§%}q%%€°gproti c 25
sol vent of DROX; ovemiktwre ofDNME; PME and AEN; o0 d niwture of DMEy AGN and a Any net hod

known i n t hgo1géde sbidbred SoRShE 'Ef&pfcbh infg'YfMA, BEESDIOKSDEEORMDAR] © may be
enpl oyed. Aﬁ‘ﬂgﬁ»‘t he met hods Known are doctor-blade coating, reverse-roll
coating, sl e coating, and extrusion. In another enbodi nent of the

process for forniSelyeat ard sslvem aeixtutestpheferzed for theepradtivn of theqoesening paste i s
formed wath,a di I8 0 ' [ 2 h [ ppord egnnol ymer havi ng
pendant “sul P%ﬁsu}lgtgﬁlﬁgiﬁgggoﬁ?%u%g& flsﬁﬂ%gif)%w}%%%é’b%% ]jsrg?\&/)ég duch as FC40,
avai | abl e fmﬁamwﬁw@, MB, 133 BB A, ayp migpwesshereofy pra mixtuseaf PGpt i onall

el ect r on- COQRRMG dotenP seldcted fRsim iR Hodp EdtisisBAL oPDMB, ECEBIL, DNC, and
ACN; or a mixture of EC with a solvent selected from the group consisting of
DME, GBL, DMSO, DEE, and DMC; or a mixture of NMP with a solvent
25  selected from the group consisting of DME, DMSO, GBL, DMF, and DMA; or a
mixture of GBL with DEE or DME; or a mixture of EC and DME with a solvent
selected from the group consisting of DEC, DMC, and PC.
More preferred solvents include DMSO, DMF, PC, EC, NMP, GBL, and
mixtures thereof, and mixtures thereof with at least one solvent selected from the
30 group consisting of DMC, DME, and DEC. | ’
Most preferred for the practice of the invention are a mixture of EC and
DMC, and mixtures thereof with at least one additional solvent selected from the
group consisting of GBL, PC, DEC, DMSO, and DME.
Not all solvents suitable for use in the present invention are equally well-
35 . suited to all possible lithium battery configurations. For practical utility in a
lithium battery, the electrolyte must not only be conductive, but must also exhibit
stability to the electrochemical environment within which it will be operating.
The electrochemical operating environment is determined largely by the choice of
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formng a filmfromthe coating paste using neans known in the art ‘as 35
.her ei nabove descri bed; evaporating the solvent; and, hydrolyzing the

sul fonyl fl uoride-form polynmer to lithiumformusing e.g., LIiOH In a
preferred ¥ Hent, a battery is formed by a process conmpOrdiseg19828

| am nating the el ectrodes herei nabove described wth an FLI EPEM by the 25
- WO 98/ 20573 electrode materials. As described in Tarascon et al.. “*New electrolyte membrane

PCT/ US97/ 19828 | 180 c
o oA oAb RN Ine 555V Bl e RS ApMige Yy 180Ler 11,
and the bat tétxNu2Qd/darbatbi-ioneseksit Solrd/Stnlqrms 6% 208(1994). tbre%@blhlyed in the

: ]lc ol ![ ﬁ‘M Pgl isrd?ﬁ r?fa.hﬁufaai]?&dédiﬁgdlﬁst aparticular electrode depends on the kmetlcs of theEXAMPLES
n the follow

ecl fic enbodi nents ratjve
conduct i i t3§°W§%‘ '?!%"tké‘P}ﬂ‘ri?éQFeﬁ‘s‘Y §hfw°€'biﬁ’re‘§g? atbyﬁ}i"'t?%eﬁ@ﬁh#que :
her ei nabove s@idtiktyforuse Y sy phiticular salvenndholvelin @ particki lithiven Bsttezy mi ned usi ng
a.nodel PMAQQ £Mett b WIR I t | abor at ory
bal ance wi t §° %gmtéo '?eeb @lbgtl@ P&B’ggﬁ%gr%an&;?s{g#ﬁ %tg%%% ane dry wei ght
(W) - was detetectrplytadin thepmpemé opereting envigghmentyhanyrafdhe wlyssture to sol vent
was measur edmpidyedlin ﬁiersﬁécxﬁ@éfﬁyddiﬂeﬁ@B@[eﬂiﬂ@lowmh\ﬂ&rﬁol%& ina®a bl otting

It dry using pap 0 noy e Cess s ace.solvent. . Al weights
vere det®rmih °§x£lﬁ?’§}g88’§( %‘FW‘&%‘?’%FB@GFP f{l}gﬂn QBSTHRE upt ake of
sol vent was efbironmetits.ned as: Weo = 100. (Wv - W)/ (W) COVPARATI VE EXAMPLE 1,

20 A 980 @Hec[{ Ty
per f | uoro(3;-6-4di- oxa?ﬂ’llli‘:ly tﬁug %%@3@% tﬂ; ?ﬁsﬁg rl gltlal sha ? a%%st film 127
[err]min tmmeefggnqva@tmrgspgaz@ﬁdwedhﬁ 6%5’&9% mr‘h%"}’f@oam ng in a

]?glt |hoxcmgn8| Sbfﬂ%ﬂhﬁ??%&%:@&%@ m&ﬁe%%@?lgﬁﬁe?ggig%: O\rNa g fhgﬁurs
i
convertga §Efi aﬁ?ﬁebﬁfwgﬁ‘ﬁ’r@xt %ﬁg@?ggg% % HFSAY ¢ acid for

ca. 48 hpur ;:_referred)mthtfdrrpef&ﬁ or fewel mcrametersin thicknesswestipneferrebonver t ed i nt o
oo o250 i M BB oSS S S EMONR L
68% wat er bya%ngmunhyérq Y#RA dory olthe membrang dolig vt YaFHﬁh 98§ in a vacuum
oven at 1 1@fegfirchfhéreinabove destribedir s.

20 Alternatively, a flat lithium ionomer membrane may be produced by
solution casting, In one embodiment of this method, the unhydrolyzed polymer is
first hydrolyzed to the potassium ionomer, then ion-exchanged to form the acid,
which isthen dissolved at elevated temperatures in a mixture of alcohol such as
methanol, ethanol, propano! or butanol, with propanol preferred, with water. Such

25  liquid dispersions of perfluorinated ion exchange resins are disclosed in U.S.
Patent 4,453,991, In the solution or dispersion form, the acid polymer is then ion-
exchanged with LiOH to give the lithium ionomer. In order to increase the
strength of the membranes to be cast, the water and propanol of the solution may
be replaced, using rotary evaporation, with a higher boiling liquid such as

30 1-butanol. The solids content of the dispersion is increased either by driving off

~ some solvent or the addition of other materials in order to increase the viscosity of
the dispersion or solution. The resultant paste is deposited using a doctor blade
onto a substrate such as Teflon® PFA, available from DuPont. The thus deposited
membrane is then dried and removed. Other techniques of solution and dispersion

35 coating, known in the art, are equally effective.

" In another embodiment of the solution/dispersion process of the invention
the FLIEPM is in dispersion in a low-boiling alcohol such as methanol. High-
boiling solvents such as a mixture of EC and PC are added to the dispersion. The
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30 . " A1l.1 cmx 2 cmspecinen was i mrersed in propyl ene carbonate
occupying ca. 1/3 the volune of a ca. 10 cmdianeter x 1.25 cm deep Petri
di sh and covered. The speci nen was soaked for 48 hours at a room

t enper at UM Bf2088. 22[err] C, then renoved fromthe sol vent PCHYIZAB28 | vent
was renoved by tapping, then the specific conductivity was neasured using
the four-poue;umﬁg)@@ drsioh (¥ QeorGa sutsenei Tabmethadelspreiebmibliynd found to be

3.4x10[ err q es were
t he sa£re als ?Vﬁp%??ﬁ F%‘ﬁlﬁég §mrrpl e %ﬁlebi%e-eﬁ%tw fi Eég gdl%rﬁ‘s SE%{ l%\/\El/ggi"'é

di met hoxyet Halneis trrerehemdm amemsNgaémgnalétep@f Fogking ig a seb'ﬁawét ivity was
1. 7x10[ err] é& WO 98/ 20573

PCT/ US97/ 19 I\/PLE 1 The nﬁge“ al s and groced res were the sane as in
Conpar at iSve ExanpFas invertéqntilk figherpravides foen porpus clscterde £8mBUSIBE| ure i xt ur e
of propyl enegaefdlbdefintlanddel atvdmaeaahahighlyfsorimnd lsiemias soaked for 48

hours. Specifi cond clivi t uptake of
sol vent was "i’)“'f f@é %w}ﬁﬁén%atﬁlﬁées%ﬁc&ﬂ%?eg Corgrpar ative
Exanpl e | maneMphﬁ@éweﬁIW&c@%awmm@lwg lude, bubarediob qui val ent

menbrane of ticlde HE%Q% MehiwAnéakietdeé qich48 hours.
Conductivity vvasdT? GB-E&*(Qr&p?n Sem » i COVPARATI VE

EXAVPLE W THelzmﬁPenNa%O’aﬁ?f F‘E?é‘étﬂ}?%tél oridesshehuasiMasOm lif902: 3 vier e
repeat ed excEpliob aid drmoauﬁueampmm Preférabiyythe halme fibctiomofitheane was

soaked for 3.8.hours. S@E‘tﬁehm%hgd)%lg&%dkﬁﬁe\fw%% an W[err] S/cm

COVPARATI VE. L°§°§‘ei procedures of
Conpar at i ve Exanplneong embodimesp ofithe grasgssdfpr forming anpleciof, arnoatipgpastes0/ 50 by

vol ume m xt u Ui Sord ed%ﬁ?é(hﬁﬁ&sﬁﬁbpﬁmaﬁ&nmﬂeﬂi i@l Htgum Te Menbrane was

soaked for 4 urs.  Speclfic condugtiv S/c EXAMPLE 2 AND
COVPARATYSVE ®xRhargerpolymes of the inventiop:in, B?‘Pﬁ@%ﬁe“h‘&?éﬁ’? pr ocedur es of
Conpar ati ve Em|&rﬂxxmsrm'mtamdaheholnmfaﬁ$y8m¢df@nap®tﬁ hours at

00 LD ot o AR D1 A e 15 BRSO E), RAAGEN Bipéten e

has been added an electrode-active material, preferably in the form of a powder, to
which dispersion preferably optional plasticizer, and optional electron-conductive
20 particles have also been added. A film from the coating paste is deposited on a
substrate, and the solvent evaporated. The film is then coalesced with the
application of heat and/or pressure, preferably in the temperature range of
180-200°C. The resulting electrode is then in form suitable for laminating to a
FLIEPM. The coalesced electrode film is then imbibed with at least one aprotic
25  solvent of the invention to form the electrode of the invention. Any method
known in the art for depositing films onto a substrate from paste may be
employed. Among the methods known are doctor-blade coating, reverse-roll
coating, slot-die coating, and extrusion.
In another embodiment of the process for forming an electrode of the
30 invention, a coating paste is formed with a dispersion or solution of a highly
fluorinated pol'ymer having pendant sulfonyl fluoride groups in a perfluorocarbon
solvent such as FC40, available from 3M Company, Minneapolis MN, optional
plasticizer, optional electron-conductive particles, and electrode-active material;
forming a film from the coating paste using means known in the art as
35 hereinabove described; evaporating the solvent; and, hydrolyzing the
sulfonylfluoride-form polymer to lithium-form using e.g., LiOH.
In a preferred embodiment, a battery is formed by a process comprising
laminating the electrodes hereinabove described with an FLIEPEM by the
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ca. 1.5 hours. It was further heated to 90[err]C and held for 30 m nutes
nmore, followed by gradual cooling to room tenperature on the bench. 25

A second speci men was soaked at roomtenperature in glycerin carbonate for
44. 8 hour O WRI5Boaki ng speci nen was then heated to 60[ err pCrarsd7/iaskgl f-or .
ca. 1.5 hours. It was further heated to 90[err]C and held for 30 m nutes

foll b d | h. R |
o, Ol O Rt 0N SR R SBEESS OB BENCT sl
Time  Te rrpbcmdcrleversmlmuléar@w&bwbtt ¢qalasesd i(nldd%/ﬁ' kattery formed.or ] C)

(Slcm The prés¥ift 'uW%htx&Pi's *ﬂﬁ%e?faes%nbed in the ?o310w1ng specific . 3x10[ err]
39 48.8 . 60 O[err] 73 69. 7
90 embodigents1 o[ er r | 132 27 WD 98/ 20573

'PCT/ US974 19828 TABLE 7 Qd yceri ne CEXBMPLES Conparative Exanple 6 Tine.

Temperat ure In theQ‘el?owﬁxg sp%%'}g%?ﬁ d}/n'u;ﬁfs M&Ocléﬁﬁ))aranvg e:ganl%fsé ([err] Q) |

(Slcm 44.8. rr] 48.2
60 conductivity was dbtqo{mdrqsmgohqfour-pomt probe technique herejpabove
9. 2x10[ er r ] JEKANRL B v?‘ex@t:t mmhﬁﬁei $odel t hese

: | : f I d-
bydr ol yzed PMAOD Wi festeament Gorg @Ler ‘o dori SRR el ¢ cast
?I CQSD(; erBIprs_hisﬁ'FE(mm gremfak mro@(s’& Merﬂbmmadrfﬂrwmg}ﬂdeYwas:t enesul f onyl
uori de | e b
exposur e 1 obaaRe Mol Rine P et e p8anl i venl bl 1 1 OO oY
in 1:1 by vmeasmedmﬁarlﬁrs;r@nom semprane o8 mgwcbﬁha@blemm:@m Jackson,
Muskegon, l\/{,amghﬁwr%@él td remo%[eﬁéés]; Surfe selvEiU AL wélgﬁtemm ch the menbrane

hed .l ed f C dd d
o e cftaithingd 1 4 870K SO Pies Ol T h ME R VRt ove ‘Kasa”wbdrel ©

633, Phi 15idelgfived,asPA) at 100[err]C for

W% = 100+(Wy, - Wa)/(Wa)

- COMPARATIVE EXAMPLE 1

20 A 980 g/equivalent copolymer of TFE and perfluoro(3,6-dioxa-4-methyl-
7-octenesulfonyl fluoride) melt cast film 127 um in thickness was hydrolyzed to
the potassi’um ionomer by soaking in a bath consisting of 16% KOH, 20%DMSO,
and 64% H20 at 80°C for 2-4 hours followed by a water rinse. The thus produced
potassiﬁm ionomer was then converted to the acid form by treatment in 5%

25  aqueous nitric acid for ca. 48 hours at room temperature. The acid polymer was
then converted into the lithium ionomer by treatment at 85°C for ca. 35 minutes in
an excess of a 6.2 M solution of LiOH in a mixture of HoO and MeOH containing
68% water by volume, followed by codling overnight and drying in a vacuum
oven at 110°C for ca. 64 hours.

30 A 1.1 cm x 2 cm specimen was immersed in propylene carbonate '
occupying ca. 1/3 the volume of a ca. 10 cm diameter x 1.25 cm deep Petri dish
and covered. The specimen was soaked for 48 hours at a room temperature of ca.
22°C, then removed from the solvent. Surface solvent was removed by tapping,
then the speciﬁc conductivity was measured using the four-point probe technique

35 hereinabove described and found to be 3.4x10-5 S/cm.

COMPARATIVE EXAMPLE 2
The materials and procedures were the same as in Comparative Example 1
except that the solvent was dimethoxyethane. The membrane was soaked for
3.7 hours. Conductivity was 1.7x10-5 S/cm.
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96 hours. The ‘dried nmenbrane was transferred to a seal ed container while
still warm and conveyed to a gl ove box having a positive pressure of dry
ni t rogen ?{‘{) lied 15 thereto, -wherein the nmenbrane was remved fromthe
seal ed co 92?8(?@? Mand allowed to come to room tenperature. TFEVREMWMERe was
then cut into several sections 1.0 cmby 1.5 cmin size for the purpose of
soaking in the solvents indicated EXAMBABEIlow. COVPARATIVE EXAMPLE 7 20

The menbrane sa " 99, 8%
Al fa Aesar, Ward rﬁ(ﬁéna?r@ ﬂ'lﬁgﬁiloécﬂuég 8 Safif a“nr@&ﬁbgmf\/& 1 ( 9

rotic so vent I'n as V|aI for 2
hours at roGﬁ?%Fﬁ?&F%"’BP’Q“tW?Pé?ﬁ)?h?‘l‘éuw&@‘?‘%‘% °?¥?i}ﬁqa%‘?é>“ﬁter?§ﬁihyl -
f or mam de bahhethbk}f&}i&d Whé hembma%sts@mh foro4 8 Ivues/ eSpevifie condkivityt , and
tested u ng@sf}e.fBQ e@{tOb@gt 92‘30“ 99,% above. Sol vent uptake was
det erm ned O%l FREEF ° de 0l vent uptake was 137.5%
Conductivity was 60x10[err ATIXRARMIMPEEDXAMPLE 8 The nenbrane from
Conpar ati ve Exanmgh lﬂ?arrgﬂ’
60[err] C using a hotp¥°‘?mlluje§?§él\}b&x%hﬁ%terl e éléa%{ége Di glél ?ERSSF’L
Pl ate) and mrmwmlm&aﬁ%%val%wmﬁwwz §B¥ essatecont ai n| ng the
menbr ane wasmentiranecatad soaked foe 48 hdurpl Gbsdirtiditpivaoseg10-0Skan! for ca. 2

hour s. e nenbrane was reno |, formam de bath, blotted
1y CBE ARETIVE EX ARAPEY

with a WO 98/ 20573
PCT/ US97/ 19828 pdhe inaterialy andproasdunes obComperative Gxample &mtrqmpcmﬂ usi ng the

four poi nt @?ﬂh?&ksgﬁéﬁtrw&%émey%mﬁe' YRE elibrak vad@sakdaisey M ned by the
nmet hod descr-l- d above,_ Sol en,t upt ag i@%ﬁgq% 9% Conduct|V|ty was 4. 66x

10[err] S/ch IE"@"EF"“ ctivity was, was treated according to the
nmet hod" of Oorrparatlve Exanpl ECOMPEARANIVE ENAMPEESOl vent was di net hyl

was 1251556 and AR At el SFComplipllyd e Phiecpatfied® 15 P71

The menbr anexceptthat theselyentowasadfioyt byovalume mixtureiofpronydans £arbionste amtanpl e 7
except that girh@hselent. THREmEMBRLE WaY Sédkad ﬁ)r(&al&xrsNﬁééxﬁB coRtRItiGiey
was 7.5x10-5 S/cm. '
EXAMPLE 2 AND COMPARATIVE EXAMPLE 6
20 Employing the materials and procedures of Comparative Example 1, a
membrane specimen was soaked for 45.3 hours at room temperature in propylene
carbonate. The soaking specimen was then heated to 60°C and held for
ca. 1.5, hours. It was further heated to 90°C and held for 30 minutes more,
followed by gradual cooling to room temperature on the bench.
25 A second specimen was soaked at room temperature in glycerin carbonate
for 44.8 hours. The soaking specimen was then heated to 60°C and held for
ca. 1.5 hours. It was further heated to 90°C and held for 30 minutes more,
followed by gradual cooling to room temperature on the bench. Results are as
shown in Tables 6 and 7: .
30 '
TABLE 6
Propylene Carbonate, Example 2
Time Temperature  Specific Conducitivity

(hours) (°C) (S/cm) % Weight Uptake _
45.3 23 © 7.3x106 39
48.8 60 6.2x105 73
69.7 90 3.0x10-4 - 132
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Co., Inc., MIwaukee, W). The sol vent uptake was 25.9% and the '
conductivity was 2.24xl0[err] S/cm EXAMPLE 5 15 The nenbrane was
treated according to the nmethod of Conparative Exanple 7 except that the
sol vent W9 %2057 by vol une ni xture of propyl ene carbonat ePCOISIHIE28 -

di met hoxyet hane and the nmenbrane was left in the solvent for 5 hours at
room t enperature. The sol vent uptak@ABAE H6.5% and the conductivity was
2.57x10[err]. SSfcm 20 Glycerine Carbonate. Comparative Example €XAMPLE 6 The nenbr ane

was treated accordifgeto the net hqtiﬂgjemg}gpar at i \Wpebifid MAnBucitifiseept t hat
t he sol vent was aﬂ’lml}rspy vol une m xt w@) of propylene cgydgnate and et hyl ene

carbonat e (98%—Atarrcm Chemrcal—Co- TC MTWaukee 6 and the nmenbrane
sanple was |left i he sol vents at ro . tenperaturefars\ig period of 7
days. After this p@ra od, a heat treaté®nt was carri ed3dwi0-Accordi ng to the
met hod described i ‘porrpar ative Exarrp?f 8. The sol venbzwi) gke was 85. 5% and
the conductivity $ 1.34x10[err] S/c EXAMPLE 7 The rane was treated
according to the net hod of Co aratlve 30 Exa pl e 7 excet that the

sol vent was di metEXAMS A ‘ AMPLES &, Ward Hll,

' LVA) andt the ”E”b'lﬁ‘&il%sé’\@tﬁnﬂpﬁst 3l.<'1xa" ﬁtellxg@is\giimhﬁéw 127} ahﬁgﬂ@O@eq{ acim _
enper at ur e ven ake .wAS 0 an conduct i vi was

1. [‘ané)xlo[err]"‘yé‘/"ixﬁe8 E‘gﬁ 186 m Eimfh:éeSﬁgowng&g%@ {‘F%sét gd accordi ng
to the ngt hcdpaiym&)mﬁ)ﬁ’r&andwrmimo@I.Gedmxe#mhylimenemdfml fluoride)as

gama- but yr gl,3 }‘aﬁ:&”ﬁmﬁ?ﬂﬁ’oﬁ(\g ré'&&n E@{ﬁ‘él 1&Io§ne'r9§ t\‘S%ﬂt_ for 24

hours at room erature sol vent upta % an

conduct i vi t gX¢aas0 @i@ﬂo/br Scjeaes, Gi WQOWW\HJBQ/OZ@B}PBIHI 1'by VOl“me
PCT/ US97/ 19 ggftue6MRhtbr &dﬁ!ﬂs dlble&tﬁdksaﬁCMhﬁkdgen,tMI)t he met hod

KI];\I Cglrrpngg ﬁ;lfrve Ex?atg[]r;: gpe%ﬁf %W%@Pgl e aneowaswaﬁ%ede | wvaukee, W)
and t he loenidistiled water ffarf2 hours attFI‘e= 8OAG; end diiest in recircalatiog nitragen overm
- tenper at ur e (piEBic TRl nNRRCotifaRy, Gnd'ORof 634 ShARLISHIE PA) at 100°C for

96 hours.

The dried membrane was transferred to a sealed container while still warm

and conveyed to a glove box having a positive pressure of dry nitrogen applied
15 thereto, wherein the membrane was removed from the sealed container and

allowed to come to room temperature. The membrane was then cut into several

sections 1.0 cm by 1.5 cm in size for the purpose of soaking in the solvents

indicated hereinbelow.

COMPARATIVE EXAMPLE 7
20 The membrane sample was soaked in an excess of N-methyl formamide
(99.8%, Alfa Aesar, Ward Hill, MA), a protic solvent, in a sealed glass vial for
2 hours at room temperature. The membrane was removed from the n-methyl
formamide bath, blotted with a paper towel to remove excess solvent, and tested
using the four point probe test described above. Solvent uptake was determined
25 by the method described above. Solvent uptake was 137.5%. Conductivity was
' 4.60x10-3 S/cm.
COMPARATIVE EXAMPLE 8
The membrane from Comparative Example 7 while still in the solvent was
then heated to 60°C using a hot plate (PMC 730 Series, Dataplate Digital Hot
30  Plate)and held for 120 minutes, whereupon the solvent bath containing the
membrane was removed from the hot plate and allowed to cool for ca. 2 hours.
The membrane was removed from the N-methyl formamide bath, blotted with a
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conductivity was 5.77x10[err] S/cm EXAVPLE 10 The nmenbrane was treated
.according to the nmethod of Conparative Exanple 7, after which to the
original N-nmethyl formam de solvent was added an 10 equal quantity of
propyl eneWO2BBMTAt e (ACS grade, 99.8+% Alfa Aesar, Ward HPCT/USRXI9828xf t-er
24 hours at roomtenperature, the solvent uptake was 278. 6% and t he
conductivit aﬁéﬁﬁ)v@l A eetidlve exdessSotvent. X AMsted u&mgmtdmep&hambw&%t treated

according t t hode gf rati hat the
sol vent vvas&é ’rile%v\’/o:? 3"8“(;0#?”23? g%eré?'ﬂ?ﬂ &%‘ ets‘ér c?tb Y%t hyl
car bonat e (Sﬂ%ntmpmkem@&bﬁ‘yq:aﬂorﬂuctwlﬂynmﬂQGXII LS(@B W). After a 12 day
period, a quanti ty of di met hoxyet hgpa& s fdded to bring the total solution

corrp05|t|on to 1: @% vol une of The fnree. sol veg?% After a 24 hour
period & room t'E'i‘ﬁ)@F rAng Wag freated aecarding todhe mgthed 96 Compardivene 20

COI‘]d:JCt Vi tEx e ¥ esbepl Q{aeﬂfe]soﬁéﬁmras@ﬁ%ﬁiylffohﬁapﬁxdb (A0sgrhde, 99?%”“ [ren‘;)[]ane
sanpl e pre WAS, el according to the
ma{nﬁod !tohef é@cwﬁaﬁ%gﬁpg@&%ﬁ?ﬁ% H%"%#%‘P’?% 13552}’ (g was a %: 1 by

vol une mxtmnducﬁvnytmlb‘%cl@ rSécmate and propyl ene 25 carbonate. The
sol vent uptake was 69.1% and t he o%;glmt[‘gqty was 3 12x10[err] S/cm
EXAMPLE 13 The nenbrane was treat CGor net hod, of Exanple 11
except Yhat the Th Dembragpwes featged accgr Wéﬁ?@leﬁ"ﬁ f Comparativehi s was added
a 1:1 mxt UEﬁnﬁﬂe 7 eftept umeﬂhxsblveﬁtrmrdimeﬂxbia%axﬂ@mmmnbh QnémﬁbaHl L1, MA)

d I f I
oo oo ) 4 A PRSP HREr e v
heat ed accowchhg4xl@'4c empr ocedur e described in Conparative Exanple 8. The

sol vent uptake was 46.6% and the cpgan@igéty was 1.12x10[err] S/cm 35

EXAMPLE 14 The nbrane was treat Wtﬂ & ? met hod of Conparative
Exanpl €57 except IRHEMPIIRE ¥ e Entor %{ne °é)9 CompagH¥e (99. 505
Al drich CheBxample Texcept that thelsbiventikase, 1:V\by velnthetrhixture obpropglenais | eft in the

sol vent f Of cafSbnate (99) and dimethoxyethane and the membrane was left in the solvent for
5 hours at room temperature. The solvent uptake was 56.5% and the conductivity
was 2.57x10-4 S/cm.
20 EXAMPLE 6
The membrane was treated according to the method of Comparative
Example 7 except that the solvent was a 1:1 by volume mixture of propylene
carbonate and ethylene carbonate (98%, Aldrich Chemical Co., Inc., Milwaukee,
WI) and the membrane sample was left in the solvents at room temperature for a
25 period of 7 days. After this period, a heat treatment was carried out according to
the method described in Comparative Example 8. The solvent uptake was 85.5%
and the conductivity was 1.34x10-4 S/cm.
EXAMPLE 7
The membrane was treated according to the method of Comparative
30 Example 7 except that the solvent was dimethy! sulfoxide (ACS grade, 99.9+%,
Alfa Aesar, Ward Hill, MA) and the membrane was left in the solvent for 24 hours
at room temperature. The solvent uptake was 135.6% and the conductivity was
1.52x10-3 S/cm.

"EXAMPLE 8
35 The membrane was treated according to the method of Comparative
Example 7 except that the solvent was gamma-butyrolactone (99) and the
membrane was left in the solvent for 24 hours at room temperature. The solvent
uptake was 88.3% and the conductivity was 4.75x10-4 S/cm.
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WD 98/ 20573 PCT/ US97/ 19828
24 hours at roomtenperature. The sol vent uptake was 134.3% and the
conductivity was 1.25x10[err] S/cm EXAMPLE 15 The nenbr.ane was treated in
the manneWQ208Bnpl e 14 except that the 5 solvent was aPCI/USIT198®| une
m xture of | -nethyl-2-pyrrolidone and di nethyl sulfoxide. The sol vent

upt ake was 132. 2% and t he conductlgxmpgggl 52x10[err] S/'cm EXAVPLE 16

The nenbrane was reat d in the nner .0 | e xcept. that the 10
solvent was a 1 : '%Wﬁ@sﬁﬁeﬁ{gg%c%‘i‘m&m ‘r‘?ﬁﬁ%‘h 53% B3fatY6ne and
- di net hoxy- Ekhap&7§&teptsbdt\ﬂmlu¢pt wksaNM—siuﬂn&ﬂyl@%palfedearbae(%&ndudﬁéh/i ty was
1. 35x10[err f nner of
Scanpi e 14 SHEEER O MTWRISAICE WITEHY ) fedB3nb WaFlefln o 1olen PR
- net hyl -2- p%hguns@omnampg@m Th®01mtwtdtﬁawascﬁ$@4%'m©el vent upt ake was
86. 5% and t Behduefithey Why 5 71 1085/dm18x10[ err] S/cm EXAMPLE 18 The menbrane

was treated in the manner of Exanmmpt that the solvent was a 1:1

by vol une m xture of 1 -nethyl-2- ' and di methyl 20 formam de.

The sol vent upt alhe wembtae wadtemdd atwrdiog thuhe metliod of Sonmipatifivda O err] S/ cm

EXAMPLE 19 [ 0, xcept that
EREnbR " s MG 0468 Bt N0leif FRRARALIVEAPHRL S0k of

t he sol vent "was d gamma-

ure o ne car
25  but@r opqual amutyrnéprgwlwhppml(écﬁm@wggﬁ%znélf@ MesaoMmdti vity was
3. 39x10[ er r Hil/ MR WzLEm@QatTB&nﬁaﬂi%m% R SolveRalphilte wWas bhig.eopnner  of

Exanpl e 14 exgept "that, the s t sallby vol une m xture of propyl ene
car bonat e aﬁ@c&eﬁBP&RFP g?’ Wemrhe sol vent upt ake was 129. 4% and the

conductivity was 2.59x10[err] SICIM_ 21 The nenbrane was treated

accordi ng to theﬁ%ﬁ%@@%&@%&%ﬁ? é&[é‘ogwe%‘pmﬁgfthe sol vent

was a 1 1 by volune mxture o ane an ene carbonate
and t helhe weexcentthat the splyentowas ki §va9 Yﬁ%m t enper at yre.

The sol vent cﬁﬁéﬂi@mwetﬁﬂl- chrbtna8 ¢999% A ldrich Chemxcal Co., Inc., Milwaukee,
WI). After a 12 day period, a quantity of dimethoxyethane was added to bring the
total solution composition to 1:1:1 by volume of the three solvents. Aftera
24 hour period at room temperature the solvent uptake was 39.0% and the

20  conductivity was 1.39x104 S/cm.
EXAMPLE 12
A 1.0 cm by 1.5 cm membrane sample prepared in the manner of
Example 11 was treated according to the method therein described, except that the
initial solvent was a 1:1 by volume mixture of ethylene carbonate and propylene
25  carbonate. The solvent uptake was 69.1% and the conductivity was
3.12x104 S/cm. .
EXAMPLE 13
The membrane was treated according to the method of Example 11 except
that the initial solvent was dimethoxyethane, and to this was added a 1:1 mixture
30  of dimethyl carbonate (99%, Alfa Aesar, Ward Hill, MA) and propylene carbonate -
after 32 days in order to bring the final composition to 1:1:1 by volume. Aftera
24 hour period, the membrane was heated according to the procedure described in
Corﬂparative Example 8. The solvent uptake was 46.6% and the conductivity was
1.12x10 S/cm. |
35 EXAMPLE 14
' The membrane was treated according to the method of Comparative
Example 7 except that the solvent was 1-methyl-2-pyrrolidone (99.5%, Aldrich
Chemical Co., Inc.. Milwaukee, WI) and the membrane was left in the solvent for
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conductivity was 4.23x10[err] S/cm 31 WO 98/ 20573

PCT/ US97/ 19828 EXAMPLE 22 The nenbrane was treated according to the nethod
of Conparative Exanple 7 except that the solvent was a 1:1 by vol une

m xt ure oW but yrol act one and et hyl ene car bonate and EpH28ne was
left in the solvents 5 for 24 hours at roomtenperature. The sol vent

upt ake was 8#4 RoGraRcrobimaemperdtued i ThetsylvensupmakexdsO3dr3%3 aiil thsm  EXAMPLE 23 The

menbr ane was_treated I RG t he net hod of Conparative Exanple 7

except t hat ct%g“%b‘f‘Ve‘%scl\(i)\ila%lg é/‘%“bé vol ume nixture of dinethyl 10

sul f oxi de and et hyl ene carbonate a L rane was left in the solvents

for 24 hours at ropMnbpBRAE ¥al irBated [Hthe Rlatifitlof ExBinpledt 46kseph 2Hat @6 and the

conductivity was 1. 533.10%?” S'¢cm E NPLtE éﬁ The.&renbrgge V}ﬁﬁ treated

accor di ng t cSOLYRAt W2s Adl V@%‘Hﬁ&?‘%‘\fé ilrge yE - aypplidoncand difpethyly ¢ he

sol vent was sulfbxidel Thy svlobntruptake was 1 82.2% andhthd eonductivityomast e, pr opyl ene

car bonat e, gz)?lid:geé}gg{(yet hane and the nenbrane was left in the solvents
0

for 3 hours omtenperature. The sol vent uptake was 40.1% and t he
conductivity was 1.57x10[err] S/ cmEXAMBBEH625 20 The nenbrane was

treated accor di NOThOmehBraiB WaQ theftbd {rOHP fahér'f Brumple! 1@ ekcépt@iaithe hat the

solvent was a,1l:1 by volunme m xtyre of, ga - butyrol act one and
di et hoxyk hasokvend s a AfLbY Yqluree aixturg °fé5m?1ﬂr§h%ip,>'"§)|r‘ %&Qggfm%g?xyénd t he
menbr ane wasethsiet The soiventauptakewas 100.0%24hd theicandattivityomas k3pdoztSicra. The

sol vent uptake was 56.2% and t he C%@%’F@Zy was 1 .34x10[err] S/cm 25
EXAMPLE 26 The..neobrane was treate g to the method of Conparative

Exanpl e 7 except Themmembrans 3as fgatediinthe manneriof Bxampled 4 axcentthat $ie et hyl ene
carbonat e angielin®Wage et Biavdurae shiktiR sTERERFE2 pefrolidine and ghmimasol vents for.

2 o LR Ui LR RSy cotieity W™ (1 30
~ 1.18x10-3 S/cm. _
EXAMPLE 18
The membrane was treated in the manner of Example 14 except that the
solvent was a 1:1 by volume mixture of 1-methyl-2-pyrrolidone and dimethyl
20 formamide. The solvent uptake was 136.5% and the conductivity was
2.07x10-3 S/cm.
EXAMPLE 19
. The membrane was treated in the manner of Example 14 except that the
solvent was a 1:1 by volume mixture of propylene carbonate and gamma-
25 butyrolactone. The solvent uptake was 86.5% and the conductivity was
3.39x104 S/cm.
EXAMPLE 20 .
The membrane was treated in the manner of Example 14 except that the
solvent was a 1:1 by volume mixture of propylene carbonate and dimethyl
30 formamide. The solvent uptake was 129.4% and the conductivity was
2.59x10-3 S/cm.
EXAMPLE 21
The membrane was treated according to the method of Comparative
Example 7 except that the solvent was a 1:1 by volume mixture of
35 dimethoxyethane and ethylene carbonate and the membrane was left in the
solvents for 24 hours at room temperature. The solvent uptake was 64.1% and the
conductivity was 4.23x10 S/cm.
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The nenbrane was treated according to the nethod of Conparative Exanple 7
except that the solvent was dinethylacetam de (99.5+% Al fa Aesar, \Ward
Hll, MA). The solvent uptake was 166. 7% and the conductivity was 35

3. 05x10[ erWP 9820578 EXAMPLE 28 The nenbrane of Exanple 27 cdtETHSRIN9828 be
soaked in the dinethyl- acetam de for 4 days, at which point a quantity of
- N-nethyl pyrrolidone was 32 WO 8R/ANIBIIB 22 :

PCT/ US97/ 19828 added to, bring th ot al.. sql yent ition.u 't'o 1:1 by
vol une. After an SRFPFPRRAS wgse?'?”gﬂ} aﬁorﬁlgﬁ,ﬁ& et‘ﬂ%tﬁg%rpﬁgﬁ"p%%?\a e was 89. 4%
and the condExamplé 7 gxeeptthat the zal@éndwas ad/ cby valimay/miigtupoofzamma- The :

menbr ane wa ; ' £0ap i oReampPl e 7
except that S‘{%%’%%%F’\%ﬁ{;&%@eﬂ%@@?&ﬁm gI% ét}ggr?r&fg% de g%?g%t:%ncagﬁef
<12

Synt hesi $ I rfer 24 bpyia ptropmNpmperates. sHhe sehent pptakeavasdd -2¥oa0de and t he
conducti vi t yeondgctivitd ek Gl 1HKI0-4 S/czin  EXAMPLE 30 10 The menbrane was
treated according to the nethod of yve Exanple 7 except that the
solvent was NN -Di -n-butyl acetam d ncaster Synthesis Inc.,

W ndham - NH) and THeanerabrianeawes tneesed astcording to the methedooff Corpparativedays at room

t t . AV 10 R BH btk
1 a0 ar 1 s 7 kBt B M s 4By Wt WCGRISERERANE Y DO

~was tredfed saleridgandcthplensearbnatiand he ’E&B‘H‘B@F‘%W?@Qﬁﬁ veptsdobept that -
the sol vent 24atouls dtGbdiu tepmerqiad! The 0tveat uptake wie $22.0%\éhdtheHi | |, MA) . The

sol vent uptake.was.154 4%.andsthe conductivity was 3.45x10[err] S/cm 20
EXAMPLE 32 ﬁ?fg%lgvsif%ﬁgg\ Elé%rane sanpl e prepared in the manner of
Conpar ative Exanple 7 was treated EXAMPEEZ4t o t he nethod therein

descri bed, exceptﬁenﬁémﬁﬁﬁe%ﬁ%d%&dﬁlg%ﬁ]e%eﬂw% hatiiee Of ethyl ene

carbonate and propyl ene carbponate and th ol vent was adgded to the nenbrane
by dropﬂisng-g_’@mp?‘?l exieet Ot e palvent was p il DY HRmeEIXEER PLERYIERE ¢ he f i | m:
usi ng a m creafbongte] gropylese carbonate, and dimethoxyethane and the membrane was left

in the solvents for 3 hours at room temperature. The solvent uptake was 40.1%
and the conductivity was 1.57x10-4 S/cm.
-EXAMPLE 25
20 The membrane was treated according to the method of Comparative
Example 7 exceﬁt that the solvent was a 1:1 by volume mixture of gamma-
butyrolactone and diethoxyethane (98%, Aldrich Chemical Co., Inc., Milwaukee, .
WI) and the membrane was left in the solvents for 24 hours at room temperature.
The solvent uptake was 56.2% and the conductivity was 1.34x104 S/cm.
25 EXAMPLE 26
The membrane was treated according to the method of Comparative
Example 7 except that the solvent was a 1:1 by volume mixture of ethylene
carbonate and diethoxyethane and the membrane was left in the solvents for
24 hours at room temperature. The solvent uptake was 75.0% and the
30  conductivity was 1.65x104 S/cm. ,
EXAMPLE 27
The membrane was treated according to the method of Comparative
Example 7 except that the solvent was dimethylacetamide (99.5+%, Alfa Aesar,
Ward Hill, MA). The solvent uptake was 166.7% and the conductivity was
35  3.05x10-3 S/cm. |
The membrane of Example 27 continued to be soaked in the dimethyl-
acetamide for 4 days, at which point a quantity of N-methy! pyrrolidone was
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i oni ¢ conductivity was nmeasured after 15 minutes and found to be 1.00 x
10[err] S/Icm EXAMPLE 33 The nenbrane was treated according to the nethod
of Conparative 30 Exanpl e 7 except that the solvent was a 1:1 by vol une
m xture ofYOATEne carbonate and di methyl carbonate and tRGI/ESHTISS/e was
left in the solvent at roomtenperature for a period of 9 days. The sol vent

upt ake was 2fid8dadbiing the teaindliehi wntpbsmm u$ téinltﬁ{mmhe Si\ﬁei alEXAMPLE 34 35

The menbr ane s t eat ner .hat the
sol vent was g%@“ﬁ% Qﬁﬂ’g eBtfngip‘Sﬁ'{ﬂb /83?1) tg&"g&fﬁ't%lcet onitrile
(99.8% Al drwashl. Cﬁoehﬂ'%slbm(:o “I'nc., .M | waukee, W). The sol vent uptake was .
30.4 % and the conductivity vvas | . bE 2}9 S/cm 33 WO 98/ 20573

PCT/ US97/ 19828 EXAMPLE 35 A 1" by an g/ eq. flat merrbrane
.92 [err]mthick, Thﬁmb@rlsmaatre%bwmngoﬁo tlmee é Compagtiye
(.3- oxa- 4pentm;ﬂemfeﬁeaptﬂfatuﬁrsoldemmwwcamnyltbmﬁmﬁmemmeum@éteﬂIon of

rethanol (R PR e i Sobvinabiais VRIS . 2 85 ar v

for 6 hours,coafluctivityhwast$.48xd01hSMm.ane was soaked in a 1:1 water: net hanol
sol ution overnight at room terrperag P E@Ot hen heated to T = 60[err]C for
4 hours in a fresh 1:1 water: netha on. After this, the nenbrane

was drid@ in a rebhiememnbiaps yanreatedascorsting o ths methed of Comparaiveopany, 10
| nc.,. Model Ew&'ﬁxplPh leké&iﬂﬂﬁhthasolﬁéx)tv@a‘sbﬂ,mbe—hrﬂu@limmﬁﬂe (98% S.anddgerdr i ed

(r:rgg‘e(ra;tgg r’gs%;nsg!ﬁegéyé aﬂ%aw A gg’f{'ﬁ B ne&’#ﬁ‘gﬁgﬁr b olrrtr)ngggdappl I ed
thereto, wh ays atroomstempenatirea thmnpmkmzﬂé 7§/eandathecont ai ner and

-allowed to %ﬁguétgl@%ﬂﬁ@@#g%ﬁe The nmenbrane was then cut into several
15 sections 1.0 cm b .5 cmin sjze. A led 1.0 cmby 1.5 cm nenbrane
sanpl e vids it hen soaked |n an excesm&gl ene carbonate in a sealed

glass vial for 3 Themhémbrané waniréatefcaiditipeto thdmetiodbf Gompavative enoved from
the propyl em@g T ?}a{ e sl ol oA oo R Reki W 53
I, MA). The solvent uptake was 154.4% and the conductivity was
3.45x10'4 S/cm. .
20 i .. EXAMPLE 32
A 1.0 cm by 1.5 cm membrane sample prepared in the manner of
Comparative Example 7 was treated according to the method therein described,
except that the solvent was a 1:1 by volume mixture of ethylene carbonate and
propylene carbonate and the solvent was added to the membrane by dropping
25 40 microliters of solvent onto the surface of the film using a micropipette. The
ionic conductivity was measured after 15 minutes and found to be
1.00 x 104 S/cm.
EXAMPLE 33
The membrane was treated according to the method of Comparative
30 Example 7 except that the solvent was a 1:1 by volume mixture of propylene
carbonate and dimethy] carbonate and the membrane was left in the solvent at
- room temperature for a period of 9 days. The solvent uptake was 28.8% and the
conductivity was 1.32x10-4 S/cm.
EXAMPLE 34
35 The membrane was treated in the manner of Example 33 except that the
solvent was a 1:1 by volume mixture of propylene carbonate and acetonitrile
- (99.8%, Aldrich Chemical Co., Inc., Milwaukee, WI). The solvent uptake was
30.4 % and the conductivity was 1.19x10-4 S/cm.
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20 poi nt probe test described above. Sol vent- uptake was determ ned by .the
nmet hod descri bed above. Sol vent uptake was 580.8% Al though sol vent uptake
was very high, a gel was not fornmed; the nenbrane retained its structural
integrity.wéosrghses i vity was 4.57xl0[err] S/cm EXAMPLE 36 JfcTnuse7/19828A -
menbrane sanple prepared in the manner of Exanple 35 was treated according

. to the nethod therein described, eggz gt(Plt_EaB the sol vent was di net hoxy-
et hane. The sol vent uptake was 63. 8% conductivity was 1.71x10[err]

S/cm EXAVPLE 37 A lfibydr sareple afipn 805¢/epflat membrang 9 wmtick.dprmesdanpl e 35 was
tr fat-ef' 30 'ﬁé\{iifa%gblgﬁle} Qfl'Tmmfdaﬁé?ﬂQorbe%%-ﬁpcfimrshmgd ﬂam@dgtwatshalt t he-
solvent was a 1:1: y VO m xt.ut ene.. car bonat.e, ,ar,opyl ene
car bonat e, af'ﬁ‘@%ﬁ]arfetaﬁﬁwte‘gi"nﬁﬁw .°tl #‘h@l'[gél\’ﬁéﬂ%/mﬁ’gﬁlgégto%gﬁéég.l&%fAl t hough
sol vent '¥pt akdume mixre/ofwaydrand mpehanab(®eagent graderdiM Scieacer€iibbstoven,r et ai ned
its structur i Lit\V.-oedy VA ; : m 35
EXAMPLE 38 ﬁb.,m%;ﬁgaif%gg ¢?‘?’%ﬁ%%§w ‘&%Em?’gr'ﬁ m“]’t & "c;is%%'}edﬁﬁ%o g/ eq.
copol yner of l:Tmatermethano sakeion ayemight gk epom temperpiure; and then beated tony |

fG!ggf 't de) WaI\ETQ?_oPeflf&? E&u@inS@ﬁ'ébl hgz pdraﬁ%ﬂtgu'g%losgfuﬁbh.@dﬁéﬂﬁsfﬁmeence,

: stown, NJ) |n 1: . vol ume . . . - .

PCT/ USO7/ 10amembran Wéaéfal%'s?‘%“ﬁé‘f%{% pver{Elsctric Hotpack Comppany, i once.
‘G bbst owg. Nag., Modeli633, RhiladelphS PA) ai IDOPCfordGtmrss,;, after which the:
menbrane was soa §FL 3 '%af{@\;r : i Watal | room

t enperature, .and ednrﬂﬁig%%% to %rtgﬁﬁ%?%?ﬁ %oﬁkﬁe‘ﬁ‘ci‘gﬁf_‘%&gt, resh 1:1
wat er - met harand copvered éma glave bex haying a positive pressurgiof drynittegenapplied i n a

recircul ati nfefid, mﬁhmummisiﬁmmmkﬂ%%gwmmﬁ.mwbdel 633,
The dr

Phi | adel phi a,, PA), .at 100[err].C for. 96 hours. ped nbr ane_was
transferred Qll?“ﬁf)d%ﬁ?@ﬁ? '88{“]&?'&8?’“%5‘?-|ﬁ‘es‘{‘?‘?‘i’%?’?ﬁ‘§ °‘§§%R9§§‘é°&a‘t-o a gl ove
box havilsg asepticristl.& emydsSemdn sife.dry nitrogen applied thereto, whereinithe

menbr ane was remxﬁglggﬁﬁ%f.%%%ﬁ%g%gﬁeg&gth],gso?gehw to come to

room t enperat ure. g cut | everal sections 1.0 cm by
1.5 cmin sigxeessaf prnyiage sarhonats ia sealsd glas BASOUE AWM s t hen soaked
i n an excesseMpeRRbiRey ThdRembiahonas femdved fdarthe fropyleas catbaatd bath,3 hour s at
room blotted with a paper towel to remove excess solvent, and tested using the four
20  point probe test described above. Solvent uptake was determined by the method
described above. Solvent uptake was 580.8%. Although solvent uptake was very
high, a gel was not formed; the membrane retained its structural integrity.
Conductivity was 4.57x10~4 S/cm. '
EXAMPLE 36
25 A membrane sample prepared in the manner of Example 35 was treated
according to the method therein described, except that the solvent was dimethoxy-
ethane. The solvent uptake was 63.6% and the conductivity was 1.71x10- S/cm.
EXAMPLE37
A membrane sample prepared in the manner of Example 35 was treated
30 according to the method therein described, except that the solvent was a 1:1:1 by
volume mixture of ethylene carbonate, propylene carbonate, and dimethoxy-
ethane. The solvent uptake was 553.8%. Although solvent uptake was very high,
a gél was not formed; the membrane retained its structural integrity. The
conductivity was 6.81x104 S/cm. : '
35 : EXAMPLE 38
" A 1" by 1" flat film sample, 112 pm thick, of a 750 g/eq. copolymer of
TFE and perfluoro(3,6-dioxa-4-methyl-7-octenesulfonyl fluoride) was exposed to
a saturated solution of LiOH (EM Science, Gibbstown, NJ) in 1:1 by volume
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tenperatufre. The nenbrane was renoved fromthe n-nethyl formam de bath, 15
blotted with a paper towel to renpve excess solvent, and tested using the
four point probe test described above. Sol vent uptake was deternm ned by the
met hod deW&r98B8%F3above. Sol vent uptake was 175. 8% Conduct PETUBIHAI2®  70x
10[err] S/cm EXAMPLE 39 A nenbrane sanple prepared in the manner of

E><armlt et ﬁSt m?,ﬁm;er&f\m& a8l metlﬂﬁ?ﬂ'{@hﬁﬁt gfaaé.wrs@gaﬁe@l Gi?wfmlrdgscr i bgd, t .
excep a e sol.vegt, was ; 0 m xture yl ene, car bonat e
and propy| efextHLE3s na?é_%é%wﬁ%%ﬁ%‘ﬁ% ‘%‘767"5%"’3&?@ 'R ﬁg‘elconduct ivity
vas 3. 40x10{vater:nefianol soiXiEhRivEmight At emitemperasseahd thendpatedtb i n t he manner
of Exanpl ¢ 33 YRT b AHbE iR fregtP] Wptlelikehahol HfiuBRt NOferfielpL n descri bed,
except that the solvent:;was a 1: 1:1 by volume m xture of ethyl ene
car bonat%, WWH@WB'%&%W‘HW&W&%W“ (Blestgin &lotpask Cogingant  upt ake
\ivaf f1|45i 5;%_) fﬁa.q m@&ellsgm,cmm% BelpHiy, Pﬁ?f]a_t Yﬁ@@%@b@hg&:fl fm EXAVPLE 41 Af 13'(') by
at filmsa .. errImthick, of an 8 .eq. .copal.ymer o
TFE and perfl uor%%?%‘?%mh! 91?@%HWS-%#I%Péﬁ%@fff?%ﬁ%’?gf"rlﬂgﬁf’hé’j%s exposed
t 0 an excesanddonveydd tbagdevelod havihg ElpesitivapreSurg of dry nitrogeh appliede, W), 2.0
nmolar in 86 0‘@1@% | : wn, NJ)
m xture at = 80 }tlarr 8;1%4“0{% . &%ﬁggaggﬁg%%agﬁ%?ﬂgl%g%fane vva)s washed
in di st10 | eellanadde coriede rqamyismpergiureoThe membrang pvas thengyt ivf9 Je¥eralnd dried i n

a recircul adefifns.DcaIBN.S ¥R Indfze. (El ectric Hot pack Conpany, Inc., Model
633, Phi | adel phi a

, PAi t.10 &q;ﬁr C forb 96 hou[s. The dr'%ﬂi&rrenbrane was
transf erred.t o at091sd4 L ERPYil ot Msmbzans sample yias %sc?aié &led to a gl ove
box havi ng excesssoftpropylenesathonate irf a shajedrglass vipd fordpiurseat rgsn =~ WO 98120573
PCTI US9 T/ 196 atheldiie® e ntéhitiitie e Min RGN heiRmelF IRNEIdeBAM N _seal ed

d-alTowed to co The e

cont ai ner an C e to room terrper ature. . rané was then
cut intk sebletted withapapertoweldo somexe excess splvent, andAgstedusingthedowr 0 cm by . 5
cm nmenbr anepgiafroBe Wacddstrited 2beves Solventiipthke wavdebsminld byrtheyethod car bonat e

emoved 11 oifeEEegheR: Sflbect dpiBhide 1 b CoBlREIO WA R oK SR el 1o
"~ renove excess solvent, and tested L f our
' A membrane sample prepared in the manner of Example 38 was treated
20  according to the method therein described, except that the solvent was a 1:1 by
volume mixture of ethylene carbonate and propylene carbonate. The solvent
uptake was 176.5% and the conductivity was 3.40x10-4 S/cm.
L EXAMPLE 40
A membrane sample prepared in the manner of Example 38 was treated
25  according to the method therein described, except that the solvent was a 1:1:1 by
volume mixture of ethylene carbonate, propylene carbonate, and dimethoxy-
ethane. The solvent uptake was 145.5% and the conductivity was 7.47x10-4 S/cm.
EXAMPLE 41
A 1" by 1" flat film sample, 125 um thick, of an 834 g/eq. copolymer of
30 TFE and perfluoro(3,6-dioxa-4-methyl-7-octenesulfonyl fluoride) was exposed to
an excess of LiOH (98%, Aldrich Chemical Co., Inc., Milwaukee, WI), 2.0 molar
in 86% water and 14% DMSO (GR grade, EM Science,Gibbstown, NJ) mixture at
T = 80°C for 4.75 hours, after which the membrane was washed in distilled water
 three times for 30 minutes at T = 80°C, and dried in a recirculating nitrogen oven
35  (Electric Hotpack Company, Inc., Model 633,Philadelphia, PA) at 100°C for
96 hours. :
The dried membrane was transferred to a sealed container while still warm
and conveyed to a glove box having a positive pressure of dry nitrogen applied
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poi nt probe test described above. Sol vent uptake was determ ned by the

et hod descri bed above. Sol vent uptake was 187.1% Conductivity was
2.76x10[err] S/cm 10 EXAMPLE 42 A nenbrane
sanpl e pr WRAPEISTH t he manner of Exanple 41 was treated ac®STHS9F19%38t he -
met hod therein described, except that the sol vent was gamma- butyrol act one.

Ige sol vent %&%%wﬁn%%@ﬂ@mmmw%mméLeale&aﬁmhr&faxﬂ&[err] S/cm’

the manner ofllewed g comg fo fopm few&f"é‘éfe kE‘(")F’&Fﬁ nenbr%%c ?%‘%}I&t"ﬁ{a?par ed. "

descri bed, exetiphs t.0@m hyhkSsolinsize. was di net hyl sul fOXI de. The sol vent

Kk 386. 1%, 20
EXANPLE 43 A 27 bl SV FERGHIT b ol ??“—‘r‘é[‘ﬁ” dpeg

per f | uor of 3, excess @fmowlmqawmmdeﬂé%@iﬂl%ﬂ “°%W|d 9 6 nol -

perfci) u0r|0 Metdpy c.afhﬁeyfrhefnte&[brﬁiéWMSﬂnB%di t&ﬁﬁﬂ{ecbrﬂmrlém dakbbnaaetbaad descrl bed
In nnoly e

Pat ent f Li OH
(98% Al dri ch‘%QM‘@apaﬁ?”g{]"FHS ’em%“’“kﬁsls&’é(ﬁ%pos '6\7‘?‘? ngHE TR 1 8606
wat er and 14poinMpobé =t desenited aEMSchvmﬂuphhdowamﬁqnmmd byithe methodt T =
80[err]C for 4§cz§e4]£ﬁ6'§/§085‘lfv£ﬁu s E%tlﬁ?é‘%e@ynﬂﬂﬁlmivw&%“@/&hsu Il ed

wat er three m nut [err]C, and dried in a
recircul Mi ng nitrogen oven (El ect @%M&% Conpany, Inc., Model 633,
Phi | adel phia, PA) A&heéﬁﬁheﬁdtﬂ;ﬂ‘ef: a8 i1t Msann&(of Example 4TTwas eatedd menbr ane

Gl ove box. haBRige %o@ea'aﬁbodéﬁééﬁm@aﬂ#%‘?wﬁ# s, SR SihPra SR o, °

wherein the Wm%emehm@tﬂqemtlﬂé4%mﬁéhb eanduetivierwasnd al | owed to

cone to roo t i e The nmenbrane was then cut into several sections
1.0 cmb cm| n size. 35 Md 1.0 cmby 1.5 cm nenbrane
sanpl e, 575, [err]mthick, was then =+ an excess of propyl ene

carbonate i'n a sem Membilane sanvile prepared Irfthe manseradf Bxamplet 4inwas tadatade.  The

reny ane e LSRN h b SR AL SR SSEATDRL bl it o

98/ 20573 sulfoxlde The solvent uptake was 386.1% and the conducthty was pCT/ US97 / 19828
four point py@Rgid-®8Jenglescri bed above. Sol vent uptake was determ ned by the

20 EXAMPLE 44

A2" b)} 2" sample of a terpolymer of TFE, 17.8 mol-% perfluoro(3,6-
dioxa-4-methyl-7-octenesulfonyl fluoride), and 9.6 mol-% perfluoro methyl vinyl
ether synthesiied according to the method described in Connoly et al, U.S. Patent
3,282,875,was exposed to an excess of LiOH (98%, Aldrich Chemical Co., Inc.,

25  Milwaukee, WI), 2.0 molar in 86% water and 14% DMSO (GR grade, EM
Science,Gibbstown, NJ) mixture at T = 80°C for 4.75 hours, after which the
membrane was washed in distilled water three times for 30 minutes at T = 80°C,
and dried in a recirculating nitrogen oven (Electric Hotpack Company, Inc.,
Model 633, Philadelphia, PA) at 100°C for 96 hours.

30 The dried membrane was transferred to a sealed container whlle still warm
and conveyed to a glove box having a positive pressure of dry nitrogen applied
thereto, wherein the membrane was removed from the sealed container and
allowed to come to room temperature. The membrane was then cut into several
sections 1.0 cm by 1.5 cm in size.

35 | A cooled 1.0 cm by 1.5 cm membrane sample, 175 pm thick, was then
soaked in an excess of propylene carbonate in a sealed glass vial for 24 hours at
room temperature. The membrane was removed from the propylene carbonate
bath, blotted with a paper towel to remove excess solvent, and tested using the
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met hod descri bed above. Solvent uptake was 146.9% Conductivity was
3.11x10[err] S/cm EXAMPLE 45 5 A nmenbrane sanple prepared in the
manner of ‘?6?%452 44 was treated according to the nmethod therein described,
except tha Bl vent was gamm- butyrol actone. The sol veRETHSYA9828 a5
173. 2% and the conductivity was 6.70x 10[err] S/cm EXAMPLE 46 10 ' A
menbr ane sanfolue ppinepebe test desetikedrabare r SalvenExpialet wasidetopmingd snthed accor di ng

to the met hog{RaRiRbES 26dveD 8BIveRNGRIN: VdIAUGIHE COANLINiyREs di met hyl
sul f oxi de. T%rggfplc_)%/ggt upt ake was 528.2% Al though sol vent uptake was very

hi gh, a gel B ned; the nenbrane retained its structural integrity.
The conductivity was 1.15x10[err] S&XAMPLE 45 '

EXAMPLE 47 A nenbrane ikt e 41 was
treated gsccor di -ng&%ewirgﬁ@n%aﬁ%%ﬁgﬁé?gfﬂﬁﬂg@%@%ﬁ&%‘gﬁgﬁaqﬁhe sol vent
was a 1:1 byacgotdimgtortha methed dherein idgsazibed, cacapd that thesalyent wastgagimazar bonat e

and the sa f tThe 59, ' &fvi hours. The
”glhxﬁymtdrﬁ. tThi SolvAR upik¥ Yk 373.9% AMdRKE éddu fvxtg‘i\gafo[ oY Sem

sol vent upt S . 9% and 20" the conductivity was 1.

EXAMPLE 48 A@-m*‘agfémsarrpl e prepared in the manner of Exanple 44 was
treated according to the nmethod t hEXAMPUBL6r i bed, except that the sol vent
was a 1:;)y 1 m xtu §§E¥| ﬁng ' r t nd

di met hoxlébet hane g‘%gnﬁ% éaﬁ%ﬁé@%%&?g‘aghﬁ%%émégl4\?%%f£48 hours at
r oom t enper aacgewingriedhewethed thengin drssrihed exeept i thegolvaet wasdimethyli ty was

9. 32x10[ err ] suffoxife. EXENbIvEnt4PBtaRe Ivas 5¥.2%. "AltoBEh 5b1Vent BBfRE Ras veryl €7 1] m

thick, of 898 g/esg, copolyner,of TFE and , . . ) '
per f | uor o( 3, ggi”o%&%ﬁ@‘tﬁwgdf%&’f‘gﬁg’?ﬂﬂ%ﬂﬁd‘Fﬂ%f’f“ﬁ”é)‘%%m@xabged to an 30
excess of Lidondg@pAty wisdr15x10@84emcal Co., Inc., MI|waukee, W), 2.0 nolar

In 86% water and 14% DVSO (GR gra\tjl\%%ﬁﬂk%iizgce,@bbstom, NJ) m xture at T
= 80[err]C for 4.75 hours, after nbrane was washed in distikled.

wat er three ti nmesAmamiganesampleprepared inthgofannerjof Example 4l iveas treated
FEF| e i GBSO auats i ansuin uaptasvms i s LI 07,
tr :ansf er Iroe(;l ‘f"&“lﬁg ﬁwgfgwﬁéﬁeﬁm%d 3&"# yg\%@ﬂf‘%ﬁﬁ"&bﬁ\%‘gﬁﬁﬂ W4 a gl ove
box havi ng defidms thei sobvepts dersaperiodfof tiwy honirk.r Theesolegmp bpteke wae8®9%,andher ei n t he
menbr angowasht oRiGHviE W8 | Bfx19RASLR), contai ner and
. ’ EXAMPLE 48
A membrane sample prepared in the manner of Example 44 was treated
. according to the method therein described, except that the solvent was a 1:1:1
mixture of ethylene carbonate, dimethyl carbonate, and dimethoxyethane and the
25 sample was left in the solvent for 48 hours at room temperature. The solvent
uptake was 141.4% and the conductivity was 9.32x10-4 S/cm.
EXAMPLE 49
- A 1" by 1" flat film sample, 77 pm thick, of 890 g/eq. copolymer of TFE
and perfluoro(3,6-dioxa-4-methyl-7-octenesulfonyl fluoride)was exposed to an
30 excess of LiOH (98%, Aldrich Chemical Co., Inc., Milwaukee, WI), 2.0 molar in '
86% water and 14% DMSO (GR grade, EM Science,Gibbstown, NJ) mixture at
T = 80°C for 4.75 hours, after which the membrane was washed in distilled water
three times for 30 minutes at T = 80°C, and dried in a recirculating nitrogen oven
(Electric Hotpack Company, Inc., Model 633, Philadelphia, PA) at 100°C for
35 96 hours.
" The dried membrane was transferred to a sealed container while still warm

and conveyed to a glove box having a positive pressure of dry nitrogen applied
thereto, wherein the membrane was removed from the sealed container and
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37 WD 98/ 20573 ' '
.PCTIUS97/19828 al | oned to come to room tenperature. The membrane was then
cut into several sections 1.0 cmby 1.5 cmin size. A cooled 1.0 cmby 1.5
cm menbr M@ e was then soaked in an excess of a 1:1 RFNOPIHEBZRI xture
of ethyl ene carbonate and di nethyl carbonate 5 in a sealed glass vial for
48 hours at alowed toedtnss @trowrs terijreatureniha memimanerveasohenccut nderseMsral sol vent
bath, blott I to renmove excess solvent, and tested using
t he four poSntwn%obe r{?ﬁg? cf}"gcrlzged above. Solvent uptake was determ ned by
t he met hod descrll’bwl%doboém byol. ¥ emimepbrancsample wos Bof SABKEHINAN vity was 1.5
1x10[ er (rj] S/ Qﬁes&gf al:lby volume m1~<|ture A?g ethylemte carbgnﬁé%ﬁeﬁa@l éﬁrm{iﬁf anet ﬁagliﬂ e
prepared_in.the e was tr ed~,according to the nmetho

t herein éiesd??ﬁ?gg‘r&@e"&l f?fhﬁ%ﬁemé%%iwpﬁﬁﬁ B?? IMA¥e nixture of
et hyl ene ca&hﬁaﬁd&‘raﬁqubhpyihudebdmreﬂ(ynﬂtzepapihmmbtowemovmmawe was 115. 0%

and the con LV [ :

EXAMPLE 51 %%%‘pg‘?&é/ﬁ%@ uitng i 185 ’{tg’ﬂ%g t destribed ?bf,’ Ve Solent e and

" per f | uor o( 3 uptakie wea deterringd by the gaq eribsdyaboye. (YR 5‘%‘%‘%‘1 yzed to the

acid form byolose OBhARHVIY weOTPRIBH SfemExanpl e 1 was prepared using-a

m xt ure 8f nmet hanol , 1-propanol, ol lowi ng US 4,453,991. The

sol vent 40were 20 renoved by rotar ion until the solution becane

hi ghl'y vi scous, aﬂndletribmeeamlalmptepamd im tistaoiariner ofl Examples4f] was weatesont ai ni ng

5.2 wt % of I aldle hanol . The
acid was neta 2 -| %dﬁgdn%h?ré@%&ﬁbeg’m | Oﬁ%?ﬁmﬁ%ﬁf@%m of 1.9 M

aqueous | i twpmqwmm ethylgne; cagbopagsy andipropidens 09 ¥ on. During

thi's neut ralybmaib Was115.0% b theconaiictRity Shsdpi4x0-4 ISiche: from 1.7 to 7.2.

Propyl eng carbonate (PC, 5 g) and Jg % (100 g) were added, and the
m xture*subjected tqQ rotary evapor C The di spersion wast
concentrated unt |Ad1spermonbﬁai\@'19glmvahrxbm01yme EAMd| ene carbonate, and

B spe R Ao iy s ﬂ‘*‘*“%@ﬁ“‘%%?f‘?ﬁhﬁ“?aiﬁi 1B,
DuPont conpderm by, theraethod 6@6@1‘?@&’&@%# 1DW?SP§?H‘F5% R s t or dryi ng
i n"anbi ent  giethanbl,| 19Eropdnoh Gnd wates followih g USkS35990e The sdlventnwere -
20 removed by rotary evaporation until the solution became highly viscous, and then
ethanol was added to give a solution containing 5.2 wt% of the acid polymer, 5%
water, and approximately 90% ethanol. The acid was neutralized to form the
lithium ionomer by adding 8.7 ml of 1.9 M aqueous lithium hydroxide to 400 g of
the acid polymer dispersion. During this neutralization, the pH was observed to
25 rise from 1.7 to 7.2. Propylene carbonate (PC, 5 g) and 1-butanol (100 g) were
added, and the mixture subjected to rotary evaporation at 50°C. The dispersion
was concentrated until it contained 18% ionomer, 3.5% propylene carbonate, and
the remainder mostly 1-butanol.
Separator film was prepared by casting the above dispersion onto a base
30 film of TEFLON® PFA, available from the DuPont company, using a doctor :
blade with 0.75 mm gate height. After drying in ambient air, films of 50-55 pm
thickness were obtained.
“. Cathode film was prepared by combining 40 g of the 18% Li-ionomer
dispersion in PC/butanol, 6.9 g of spinel LiMnyOy, and 0.69 g of SP carbon black.
35  The mixture was stirred for several hours. 5 ml of 1-butanol were added to the
paste, and it was cast onto a film base of TEFLON FEP, available from the
DuPont Company, using a doctor knife with a 1 mm high gate. The cathode was
dried in ambient air to give a coating weight of 21 mg/em2.
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Cat hode fil mwas prepared by conbining 40 g of the 18% Li-i ononer

di spersion in PC/butanol, 6.9 g of spinel LiW2X, and 0.69 g of SP carbon
bl ack. 35 ggll? ] Xxture was stirred for several hours. 5 m_of 1 -butanol
were added'? paste; and it was cast onto a film base ofCHERYRS#:=p;
avai | abl e from the DuPont Conpany, using a doctor knife with a 1 nm high
gate. The cat hodeAmaée tilnh wgs preparad be nombiningt49 gpfel nb@ddtNaftprvei ght of 21

ng/cnferr]. swmg ¢3Rd darbonate/1-butanol, w1th 6.93 of Mesophase Carbon .
Sl ey e e O R N
Mesophase Camewgmmmm@a bldekVBh it BreQeaskstint@d $or 4amns. ndnodeasversgy Co,

Park Ri d 0, Iﬂﬁ r stirred for
4 hours. %2%%%20 gﬁr% bgsg[ s‘%ﬁg&ﬁ%@ a@ﬁex r%tfg 730 ér knife with
a gate hei ghgwgﬁlmsmthmmmggelshtcfﬂlﬁm/om h coat| ng wei ght of 16 ng/cn?.
The current col | eqhOESraie bolletRrEwhre Made fn) AREhes ¥RREETmER] f'iksliTESh

For ¢ e’ cat hMkGoPrEKirt,C Drfiog AR o AP LE PO s b ABERucd Sk i L an

adhesi on- 10cath¢ﬂecummbr rfEtebealdminom/AO(IEZEbrs WisTd Brefddatet! ovithl amtadhesibn-onal :

Chi cago, t | of 25
~cn? a?ea %)pﬁo BT r{gga‘%ai?me%r as@%ﬁ#@f@%ﬁ@ &V\E:gé I@&/ﬁh and C are
separ at or , a&Bd@rboah&aclgan diduted withsthgpeler i bed above. The | aninator (Western
Magnum XRL- 14, E AR WTYS cm/Atea R Jarhinkie8 togethed beS/ChPA/SISICI LY, heated to

140[err] C and, Wit ssure of 2 ni dth... The
| ami nat e vvast?’FeﬁAb?Rﬁqi Y ?@aﬁa@rﬂ%fi%@fea‘i}ﬂ%%ﬁﬂvé%ﬁ‘iﬂhp flw*’ OVE- 1 MSr . In a
ni trogen- filaldnhtgt (WestdrnMaghtn XRIA14EESegands €3¥aded rubbercaverede of 1:1 by

wei ght efsyl e m%a{%ara@&&’occ%md%nﬂi g@fe&wﬁ@wﬂ?ﬁ%ﬁ&@ ewdtﬂfj@ i ent

t enper at'ur e, ease rom2.76 to

3.25 g. The lamatw@sdasd beheating ml2Q°ﬁ urder-yagwym dor Lokawy.c Innapisiegenyag wi t h
the copper afifledg lH%BbHDﬂmiﬂxdaWoﬁkédiﬂlaﬁﬂxﬁ{r@BﬁmByha&htéihﬂeﬁ@| was

Vol 18ge was HERPAR L2 medteiant for o eyt dpblagh pabtarsst, SHREYAM char g

del i ver ed vvaﬂae@@:xgwmfﬂiaiannmtdmmwlﬁsmmw 25 gc&'hslmnatewas sedledf . 25

é?sgﬁaﬁ ged for 2%3%:“9?{/% et ween § P‘a%*gé?@rénptﬁlg&%l?mz‘l. Eﬁ{%ﬁz ?/ndThe

char gi ng andprotruding ﬁ'0m e
The cell was charged using a constant current of 10 mA to 4.2 V, at which

point the voltage was held constant until the current dropped below 1 mA. The
charge delivered was 62 mAh. The cell was discharged at constant current of
25 10 mA to 2.8 V, delivering 31 mAh. It was subsequently charged and discharged
for 26 cycles between voltage limits of 2.8 and 4.2 V. The charging and
discharging were performed with a constant current of 5 mA until the voltage
limit was reached, followed by constant voltage until the current dropped below
0.5 mA. Capacity at the 26th cycle was 26 mAh.
30 EXAMPLES 52-63 '
~ In these examples it is shown that, CPV, the conductivity calculated from
solvent parameters and actual % weight uptake, correlates well with the actual
measured conductivity. Further, it is seen from these examples that when the
calculated conductivity exceeded 0.3 mS/cm, the measured conductivity exceeded
35 0.1 mS/cm.
" Nafion® 117, an 1100 g/eq. perfluoro ion exchange membrane available
from DuPont, Wilmington DE, was converted to the lithium ionomer by the
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di scharging were perforned with a constant current of 5 mA until the
voltage limt was reached, followed by constant voltage until the current
dropped below 0.5 mA. Capacity at the 26th cycle was 26 mpAh. 30

EXAMPLES B3¥Q 8842057 t hese exanpies it is shown that, CPV, th&CTEMRIUEWEEi 1y
cal cul ated from sol vent paranmeters and act ual Wbmelght upt ake, correl ates
wel | with theethodulzreinatmye destriber dod exposed/to theisdlvemts, lisited inTabkeeh from t hese

exanples th i 3 nB/cm the
measur ed co?lé l%%ﬁ%@gﬁﬁgﬁh%@g‘ 99'8&!{&%7%}/ Sad's ﬁgfl err 117, an 1100

g/ eq. perfluoro ion exchange nenbrane avail abI e from BuPont, W m ngt on DE,
was converted to the |ithiumiononer by the 39 WO 98/ 20573

PCT/ US97/ 19828 met hods herei nabove described, and exposed to the solvents
listed in Table 8. Cal cul ated and experi msnt aI |y nmeasur ed results are shown
in Table 8. 40 WD 98/ 20573

-PCT/ US97/ 19828 [err] VWHAT IS CLAIMED IS:- 1. A highly fluorinated lithium
~ion exchange polymer el ectrolyte nenbrane (FLI EPEM exhibiting a
conductivity of at least 0.1 nS/cmconprising: a highly fluorinated lithium
i on exchange polyner nenbrane (FLIEPM), 5 the polyner having pendant
fluoroal koxy lithium sul fonate groups, and wherein the polyner is a

copol ymer conprising | ess than 50 nol % of conobnonmer units and is either
conpletely or partially cation exchanged; and, at |east one aprotic solvent
i nbi bed in said nenbrane, the FLIEPEM bei ng characterized by a conductivity
paraneter vatue (€PV) of 0.3 or greater. 10 - 2. The FLI EPEM of
Claim 1 wherein the aprotic solvent or solvents is
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selected fromthe group consisting of dinethyl formam de (DVW),

di nret hoxyet hane (DME), ethyl ene carbonate (EC), propyl ene carbonate (PC),

di met hyl sul f oxi de (DMBO), ganmma- butyrol actone (GBL),

N, N - di metM9P¥E%| eneurea (DVPU), 1 -nethyl - 2-pyrrol i done PENMPFI7/18838et hy|

acetam de (DMA), N, N -dinethyl 15 butyram de (DWVB), triethyl phosphate

(TEP), n,n'-di-n-butylacetam de (DBA), and m xtures thereof; or being a

m xture of PC with a solvent selected fromthe group consisting of DVE, EC,

&BL, dinethyl carbonate (DMC), and acrylonitrile (ACN); or being a m xture

of EC with a solvent selected fromthe group consisting of DVE, GBL, DVSO,

di et hoxyet hane (DEE), and DMC; or being a m xture of NMP wth a 20

sol vent selected fromthe group consisting of DME, DVMSO, GBL, DVF, and DVA;

or being a m xture th DEE or DVE; or being a mixture of EC and DVE

with a solvent sele¢ m t he group consisting of diethyl carbonate

(DEC), DMC, and PC _ o8 J1 X Uk e 0of . DMF and a.sal ygnt sel ected from

the group consisting S R0 TIVE ;Eregm@ Bl W oBat® (M3, GBL, TEP,

EC, DME, PC, nethyl | mate (MF), ‘tetrahydrofuran (THF), sulfol ane

(SULF), DMC, ACN, net: etate (MA), DEC 1, 3-dioxol ane (DI OX), DEE,

ethyl acrylate (EA met hyl sulfite (DMSU); or being a mxture of DVA

and a sol vent sel ect the group consisting of DMSO, NWP, M5 GBL,

SUE, SDNT, 2AQHN, Mg BEG 81 @K, DEE, EA, and _

DVBO-arfel & 9l Per® S0° Ielect ed fromthe gr oup

TEP, EC, DME, PC, MF, THF, SULF, DMC, ACN, MA,

U, or being a mxture of NMP and a sol vent

sisting of M5 GBL, TEP, EC, DVE, PC, M, THF,

@X, 00 DBE, n E®, @and DMVEY), or..bel ng a mxture of MG

He B qupScofisRstting & $58 GBL, TEP, EC, DME,

, MA, DEC, DI OX, DEE, EA, and DVBU, or being a

t selected fromthe group consisting of TEP, EC

C, DIOX, and EA; or being a mxture of TEP and

ggr@ug ONgl ¢ i gy WwieEg £Cy SULF, ACN, and
ard "DMVE; or being a: m xture of DMVE and

br - b®i n a mxture of EC, DWMF and a sol vent sel ected

i ng_pof DMVA, DMBO, NWP, M5 GBL, TEP, DME, PC, M,

"DVBU; or being a m ¥
consi sting of NWP;-

DEC, DI OX, DEE, EA,
selected fromthe g
SULF, DMC, ACN, &VA,
and a sol vent sé& ec
PC, MF, THF, SU

m xture of GBL g\dz,a sol ve
DVE, PC, MF, TH N, :

a sol vent sel ect,aaﬁ"Ej ro%%
DVBU; or being
ei ther ACN or

fromthe group

uge

Q Selccted So

THF, SULF, DMC, MA, - P OX5 DeEg B8, cand BVBY, Sor 5 being a
m xture of EC, = hnd a_§ veht —sef et od gr(amebhegﬁouip consi sting of
DVBO, NWP, I\/G, é‘é’f@ TEP,»DME, PC, M-, THF, SULF, DMC, ACN, MA,
| B
gz Eg-—-oooo oo .
| 3 RN ~ e 8 3T v n v n '
= = g D N OV N OO Nt~ T 0~ M
8 gammvmnw -] 0 -
3 a
3
§ %vl‘—' T O NN N
= B3 RS 323585855888
L2
L
& '
2l~-8 2238938 =382=
SRsEgdggssgerId
.éll- 8&
2 o u_.u..Z
HEE228ufesEd
I*
K
gaaaagsisagsces
i

T



DEC, DI OX, DEE, EA, and DVBU, or being a m xture of EC, DVMSO and a sol vent
selected fromthe group consisting of ~NMa Bl TEP, DME, PC, M-, THF,
SULF, DMC, ACN, MA, DEC, DI OX, DEE, , THISESHEEITHAR BR m xture of EC, 10
NVP and awsn#82e813 sel ected from the group cREPiASEpY Of f MGPCEBIS97/THERE DME,
PC, M-, THF, SULF, DMC, ACN, MA, DEC, ; - ~atl DVBU, or being a
m xture of BCHAMISWQUAMMED Mgent sel ected fromthe group. consisting of GBL,

TEP, DME, PC, M, THF,. S . . ] : . and DVBU: or
. gghl fluori ad 1 @ﬂo‘es,xeﬁ%e er@'h@l(er e%ﬁgly@

being a m xture o sol'vent Se Tromt group consi sting
of 15  TEP,ménkrane(FLIFREMYeRhibisiog R comiustivigrf atNgest HEaS/BmoxX, DEE, EA, and
. DMBU;  or beid&ﬂ‘ﬁ?}émg)‘(ture of EC, TEP and a solvent selected fromthe group
consi sting of , P%li QfF THF, SULF, DPMC, é%lgl I\{A DEC, , Dl OX, DEE, EA, and
DVBU: or dbei ng a i & highly fpogirated g, jpnexchange pelymst MEMPRNE, om t he group
B?/gai sti ng qFLNERM), e pﬁyihfs hagh@,peﬁm filBroalRiaky it sulbiriate gréupsand 20

- or bein m.xt,ur e o . ] ' .heing a =
m xture of E&g%ﬁmﬁ RolY eerrldis BE%%‘?‘H}%F%Q &3{3@5;&8{1%’{3%“# é"o *EC, DMC
and DI OX; or being atisastiane eprotic pulyemipbibad irtagianembrape, thg FRIEREMur e of PC,

DMF and a s eSO 00.3 BO, NWP, MG
qeﬁg\‘%ﬁ{&ﬁé&% igﬁ%&mt %&W@mg‘; oD Igi’IlgrglgEMSEA, and

GBL, - TEP, EC, M, . ' qs \ OX,

DVBU; o025  beihg %%&W"B‘Fd uumpipn exchange. Xf‘é"r\'t"'leé'fgf”éfﬁft ed fromthe

%\a(zlup MCAI\OI’I_E)iE Séhérg;ﬁ‘(a)l)i(é (FVBPEM)I¢bimpiiting GBL_,- "TEP, _ EC, DI\/E, M-, THFi:)CSUIIE)II\:/,BODI\/[:,d

_ , . : , . L Or : and a
sol vent sel ected fr ﬁéﬂgﬁg?%’ﬁag&c%%{@ﬁépﬁngmy%u@@ETEP EC, DME,

MF, THF, SUKELIERNW), thepelymes having pendagy flupposlkoplithiyra selfmate gspunsei ng a

m xture of %ereiﬁ@ﬁglﬁn&ﬂdemﬁ%mgﬁel 81 pirtidlly dafionexdhengbdoasd consi sting of
M5 @&BL,. TEP, EC, MF, THFt. Eé F, . . JACN, , MA, . DEC, e E, EA, and
DVBU, orlSbei ng a ni A ifast oe apretic gplveritimpibed i said metoprnedhe FEIRREMe  gr oup
consi sting Meirghtharatterizedy a Eiviductifity oftdEleaS0L FmShik; therapibtid\dblvebEe: Dl OX,

DEE, EA : | ' : ; | ect ed
From the or 0N beltle LS SRni ™ bifh Bpsibitng A sl MR, <L *C

DI OX, DEE, mimethouystiveie (DME)ethylgnecarbonats EC)sprogylenemarbonate PG vent
512 ' iy oty pmecpuaie i 081 B9 s 0L 1
sel ect e%{‘ r WQH@MM 67%‘%‘?‘23?? -Bqu iﬁpﬁ{ﬁ@bﬁ@%@j{%ﬁ% bei ng a
m xture of KRMARMN:dunethy butyeamide GDMB)eticthylphospheted TER) natdébst i ng of
.DVBO, NWP, "ﬁtylgﬁmﬁﬁgﬂmﬁﬁ an@Pifixtufds thereof; or being a mixture of PC with a

solvent selected from the group consisting of DME, EC, GBL, dimethyl carbonate

(DMC), and acrylonitrile (ACN); or being a mixture of EC with a solvent selected
25 from the group consisting of DME, GBL, DMSO, diethoxyethane (DEE), and

DMC; or being a mixture of NMP with a solvent selected from the group

consisting of DME, DMSO, GBL, DMF, and DMA; or being a mixture of GBL

with DEE or DME; or being a mixture of EC and DME with g solvent selected

from the group consisting of diethyl carbonate (DEC), DMC, and PC or being a
30 mixture of DMF and a solvent selected from the group consisting of DMA, '

DMSO, NMP, methy! glycolate (MG), GBL, TEP, EC, DME, PC, methyl formate

(MF), tetrahydroﬁnén (THF), sulfolane (SULF), DMC, ACN, methyl acetate

(MA), DEC, 1,3-dioxolane (DIOX), DEE, ethyl acrylate (EA), and dimethyl

sulfite (DMSU); or being a mixture of DMA and a solvent selected from the group
35 consisting of DMSO, NMP, MG, GBL, TEP, EC, DME, PC, MF, THF, SULF,

DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or being a mixture of

DMSO and a solvent selected from the group consisting of NMP, MG, GBL, TEP,

EC, DME, PC, MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and
_ . T
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MF, THF, SULF, ACN, MA, DEC, DI OX, Dgk&; )r being a mxture of
DVC, DVBO and a sol vent sel ected fronh THIS SHER] f¥ding of NWP, M5 GBL,
5 TEP, EC, DVE, PC, MF, THF, SULF, JACN, R&P ) DI OX, DEE, EA, and DMSU,;
or being ¥U#880§B: of DMC, NVP and a SOTVERT SeTected fr omRGTAUSHA9R3S
consisting of M5 GBL, TEP, EC, DVME, PC, M, THF, SULF, ACN, MA, DEC, Di OX,
DEE, EA, and®W@&lor beinpainyigtuse of MMEFrandafsolwim, schiciegritbmatheqiroumt  sel ect ed

2 f om thEl e O Qidisi 6%@9}3% T@BLECTEB[E. Pe. Wﬁ:ﬂﬁ?ﬁﬁ?gﬂ@h@%{% ﬁg\‘é MA,
: - or being g mxtur ,
sol vent sel e‘%@d nEéﬁe’%r‘H@iﬁ’ﬁHs’ Pég?'%ggflx‘?ﬁ%,mﬁ)ﬂg%% MF, THF,
ACN, MA, DEGeleBle@fronatie gfdup consibiingef GBD] RERIBC, ODMEM, MEPTHRJ a sol vent
sel ectedsfr QRS SERN : and, ACN: ar_ _being a
o 1 DLt R AREIR, BECBI0, bEp. B, s bis ¥ o ssmin e oue
and ACN or 8§iGRL and &solvent selegted fromphvegrompvEorsinting of SEPERC, BMEPCed from the .
group consi N MIHPIAGYAMADYER, DR, ahFEACEL beidgPmiime PFEPMRd aTHF, SULF,
DMVC, ACN, MA DEC, - D&g&&qﬂ%ﬁa EA, and. Dl\/%té [T %mga%%@ Xt W of DVE, DMA
and a sol verfPIveRt lse CEFRURSopSStRE A E GtH G . anfiMSHs G,
TEP, EC, PCor bEingBHhixtisebfECRBMCDMENor bethg aiiRturbo O BMBDEd eithér A@NI DVBU; or
bei ng a0 ' al V. Lets om t he group
consi st ilﬁg of %ﬁr%ﬁn&% xﬁ‘%nﬂk%%s%ﬁ&%sv ,qucﬂglée ES® M, DEC
Di OX, DEE, Eapsisting giBA, DM NMPa MG GRETER, DME, PENHFaFHF aSWbFy ent
sel ect ed fr pMONACN, MR, PECSDEOXDEE] EN andBMSUL BF beikfa nftfturd GFEGHF, SULF,
DMC, ACN, Nﬁw&&’d DI ﬁ)x, DECE AE;A;’ ﬂgd DVSU,  or. bgé eﬁ% e TR Ve, Mo
and a sol ve Yoot setpoted drRm the gpgonsisting lﬁ% ml@LMGTEP, EC, PC,
MF, THF, SUGBL,TEE, DMRE, PCAVIFDERF, SULK, DMEL AGM, MANDERVBIOXODHEESi ng a f
m xt ur ey of , V. sisting o
Tep, ECE peERE @ﬁaﬁéﬂg@%@&ﬁkv%ﬁ%&%ﬁ%@ %ﬁf’%?‘”ﬁ?m%%e DVBU; ¢ or
being a ni xBIAUP Wasisfing of ABMPME, SBlol TER: DME| RC:MH, THESULE DMEUp
consi s ting l@tcrlﬁtQAAP_ ,;QEC?@(PX, B@Et, E@qumu; orB4ilg a Rixtkieiof BOONIIX LMS% Lgf %
and a sol vent, s ed fromthe grou Si.St | : :
ACN, MA, DE&"IVBFI(’J'X‘,%C%E&“E&? 2IgnR cegégmg&fi@é, héﬁﬁ?ﬁﬁ%?& , PC and a
sol vent sel 8¢ SULK, DMEAGNoMA,EC, BIOXPEE, EAjfand DMSUapocbeigd; or bei ng
a m xtuse olhilhke ofMEC aANE: RGBT Rh | @ftﬁﬁ e of DVE, THF
and either %F (r) AP%A; r i rye&ﬁe?g%ﬂ% xt S%o@fdo%%ﬁf’n LF"and either DEC
or DI OX; or I5& Pglf% ' s)!\dg’r ggﬁfS%PWA@H M¢s\PEG, DX, JQEE, BAandr e of DME,
ACN and a sDMSU: oskdisgi miktive@f BO) GBI fida sobvent seldced ffdm W grblig", DI OX, DEE,
EA,and DBl isting of TEP, DME, PC, MF, THF, SULF, DMC, ACN, MA, DEC, DIOX,
DEE, EA, and DMSU; or being a mixture of EC, TEP and a solvent selected from
25  the group consisting of DME, PC, MF, THF, SULF, DMC, ACN, MA, DEC,
DIOX, DEE, EA, and DMSU; or being a mixture of EC, DME and a solvent
selected from the group consisting of MF, THF, SULF, DMC, ACN, MA, DEC,
DIOX, DEE, EA, and DMSU; or beirig a mixture of EC, MF and either DEC or
DIOX;; or being a mixture of EC, THF and either DEC or DIOX; or being a
30  mixture of EC, DMC and DIOX; or being a mixture of EC, DEC and DIOX; or '
being a mixture of PC, DMF and a solvent selected from the group consisting of
DMA, DMSO, NMP, MG, GBL, TEP, EC, DME, MF, THF, SULF, DMC, ACN,
MA, DEC, DIOX, DEE, EA, and DMSU; or being a mixture of PC,DMA and a
solvent selected from the group consisting of DMSO, NMP, MG, GBL, TEP, EC,
35 DME, MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU;
or being a mixture of PC, DMSO and a solvent selected from the group consisting
of NMP, MG, GBL, TEP, EC, DME, MF, THF, SULF, DMC, ACN, MA, DEC,
DIOX, DEE, EA. and DMSU; or being a mixture of PC, NMP and a solvent
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3. The FLIEPEM of Claim 2, the solvent or solvents being selected fromthe
.group consisting of DMF, DVE; EC, PﬁngjgﬁEETgﬁgBEQNFU NVP, DMVA, DWVB, TEP,

DBA, and m xtures thereof; -or beinp a f PCjwith a solvent selected
fromthe WDWREOEBNsi sting of DVE, EC ACN or POEIUSS7/t9828 xt-ur-e
of 5 EC with a solvent sel ected fromthe group consi sting of DME, GBL,

DVMBO,  DEE, %@QLQN@an{hetg% oﬂsn@ﬁﬁgtMTMGOCBNWEW t6. BMEIMEMtHEEl ected from

G o OhP Dem U F e, o DEE DI, DEBEa S M0 of beine s Mtaflyd, " ©f
: Iséﬁll ElgtE (I\a/ld ;rcuﬂpmmgraﬁdpschaalselbcm@tmfn tbEgroupltsisting oPFGBLLTEP, EC, 4. The
0 o) fi h
Cons: sti g g7 AEas. TIE St BICOREROMEISEC 15100 18k 394,36 AR o o oL
m xt ur es 5t herdeingya mixtuge of BGs6Bbmad §(§P\Yémit3°l§éﬂe€(§‘l°€ti‘hf’ SERRPLoRBSigfing of
consi sting ofgme, DNE, MM THPEOMG, AGKEMA, IDEREBIOK, DEE, BA} anbier ei n the

sol vent m xtur rises .EC a h f th
| east one a&alf’&[f) ﬁgBelgg P\Vé‘ﬁ't‘”es‘g(dpeésw %@‘ﬁ&%ﬁr“&ﬁ‘ﬂﬁ%‘h esﬁrr‘l(’a‘f??g \(I)Mf GBZEt PC,
r[))EICy neD?/SPs avbﬂsxmill'g ofGECJ'Di?ﬂFMEFH{F /HULE, DMC1ACGN, A DEQ, RIRXIPEE; ge

t
PP i om sul FAhend TSR oPbés é%#QWSEWW%?%%?@?%EP%;%QnS‘Qm
groups dfe faroep msmngIOQBHF REC; andPIOX; og beipga ‘F‘P_‘F‘EPEEP MA#AY wher ei n
t he pol yner d&lﬁn@ﬁ&é&tmmm&ﬁé&ﬁls% EPMS; NMB) MG, GBLam ionic

onpr | sce atlE B SR o, sulE IGkDEE R DR oy Y e
10. The FLI B?MmfamﬁDM@,rMQmﬂmmmctedmm&@Om | east 80
mol - % of 2 i ﬁw@;m B0 'BC) DMEDREME, THE, SULIIACRSHA, O

formng a FL ocess _conprising contactl th at | t
one apr dfi c BBC/RIIX, PR aE'ﬁr*}“dé?Ms ﬁmgsamt&r%@ﬁ%\é&aw nge o? -48atso
(ZJOg[ reﬁrS ;]C% E&amao&er&mdﬁmﬂ mmmEIaMgEle DME, PC, MF,| east 30
.3 ei.n [ ng -l
than 50 nol %%Méﬁe%%ﬁcgﬁ@% %g%‘dgﬂ?l)ﬁuo’roga I‘ga'" |"rﬁ: alm 91888
sul f onat e gruleMC,MGIandmsdvmtsdacq:d)ﬁgméhe group consisting ofiFBL4 %E? EE, partially
cation exch ?’W tl\XAOIf)Eét DIGRSHEE; BAMRdIMSLH or The -
alm Il V\/der el n

Phe or 0@ odnE Pgugiol AME: ﬁﬁp aﬁeﬁﬁﬁﬂfﬁée%m&?r R SN R SRHRAT, OV
et hyl ene cartEP|®EE IME) PCOMPPYHENACHE M DEE, DY, andiBAstonbeingal f oxi de
(DVBO), mixture of DMC, TEP and a solvent selected from the group consisting of EC,
PC, SULF, and ACN; or being a mixture of DMC, EC and either DME or DIOX;
or being a mixture of DMC, DME and ACN or being a mixture of DME, DMF
25  and a solvent selected from the group consisting of DMA, DMSO, NMP, MG,
GBL, TEP, EC, PC, MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA,
and DMSU; or being a mixture of DME, DMA and a solvent selected from the
group consisting of DMSO, NMP, MG, GBL, TEP, EC, PC, MF, THF, SULF,
DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or being a mixture of
30 DME, DMSO and a solvent selected from the group consisting of NMP, MG,
GBL, TEP, EC, PC, MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA,
and DMSU; or being a mixture of DME, NMP and a solvent selected from the
group consisting of MG, GBL, TEP, EC, PC, MF, THF, SULF, DMC, ACN, MA,
DEC, DIOX, DEE, EA, and DMSU; or being a mixture of DME, MG and a
35  solvent selected from the group consisting of GBL, TEP, EC, PC, MF, THF,
SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or being a mixture
of DME, GBL and a solvent selected from the group consisting of TEP, EC, PC,
MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU;; or being
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gamma- but yrol actone (GBL), N, N -di nethyl propyl eneurea (DVPU), 1 -nethyl -
pyrrolidone (NVP), dinethyl acetam d¢ THIVEH yl butyram de (DIVB)
triethyl phosphate (TEP), n,n'-di-n-bjityla EEf\INASd?@ , and m xtures
t hereof ; WOMBEME a ni xture of PC wi ' ed PCIMOFLISZS oup
consi sting of DVE, EC, GBL, dinethyl carbonate (DMC), and acrylonitrile
(ACN); or bgifiguf ¢f DME, TERfanfe szEﬂhsaleEQB\rt]'&ﬂt th&fgkc&tpttﬁdsxﬁﬂimﬁli@ g[) oup
consi sting et ho an or being a
m xture of wf h%héaﬁ‘%ﬁs‘z’eqreb&"éd' 'ﬁ’% ﬁg{\@f?c a'?(;an‘?‘s")l?s'v%l’tng of DME,
DVSO, GBL, &iéctedafromThérgroup consisting af ME (TiiFe SYILFGBIMGY AGNDEEA dECMVE; or
being a m x B r group
byoR. H,Eﬁ Cgﬁdb%w &(*beﬁxgsa%&ﬁﬂ& oFBMEﬁ p@dad‘d aomme

consi st ng onat e m Xt ure of
DVF and & séaleatedt fre@an:g@&l) eonsisting of JHEw DECo And Ql%g%helmml#ere DVSO,

L\"VtP hrrefj hy:c ogbmlmpandm)erslmﬁ or'WGNS N; &Geirgdm udﬂﬁeoﬂmwl’rl-flphiﬁte Em

et r ahydr of yr,an ane | etate

DEC, 1y3 di BT §§1’fe¥‘|ﬂ‘:‘%§|"‘c§ii w 9&3%1%‘?’%&‘}@% l'thyl sulfite
(DMBU); or Dé@l(goabemg(amwoMEaBM@ambAGNabrb@nesneuum@ﬁEMﬁe gr oup
consi sting Rb%ﬂ}%@ %%te&#&n ﬂgﬁolﬁgmns%gom WEC, hfoX

ACN, MA, 15 or “belng a mxturgbbog’ DIVISO and
a sol veH sEAeE@dsQMSrQ)mthe group consisting of NW, M5 GBL, TEP, EC, DM, -

PC, M-, THF, SULB, PMFLIEPEM VRACldin®@, telsoentdrisolvents being sélbEiell fiom bei ng a

XU o B ey SPRVRE IR L ACBE, BRE BT NE AR O SE-

DVBU, or beDMBATER, DRA candimivi@iresthemof; or being a sk of PG witmatst)lyegt ou p

consi sting %% ']5% Frgg?c% DME S C&(‘Tg\l,

DI OX, DEE, g&ec an el nnEGfm xt urﬁe'"i‘g?L%ﬁC A vent sel ect ed
from t ht grwgtwfﬁcswhgsel‘veqfaﬂ °SFQ‘}P99F51 3BL.DEC, DI OX,
and EA; or DMS@,IaEBJaﬁilDMOQBrEeERga&dxmﬁaﬂmtmﬂedmmdsélmeﬂﬁbm group

nd DVE, " or Sl sonistay ot DHE, DYASTH GBE: DI, g Rivib shial el 01 ©

m xt ure of EiﬁBblwiﬂaBEEa)rQMEembemg@mmefofﬁﬁmd)l\éﬁduﬂl%mlgﬂst| ng of DIVA,

OVEQ, VP, _ Misct{Blrom B groblBonsfiing VFDEE BMEUARPAMC, AN, M DEC DI OX,
DEE, EA, and DMSU; or %ure of and, a, solven sel ected

fromtht group chnsThe w gbi(%@e sR&P“t %V@Ebmﬁ%ﬁd
THF, SULF, Bfgrouidens iwng SIFOM SO, OMF [ IXE, ECAMBRNGBD)Masid mmtm'bethegoﬁ, m xt ur e
OE L O ep B et Wik e o e bl S 1108t B B0 Bl Bfsilting VP M
of DMC, DME, and DEC. -
S. The FLIEPEM of Claim 4 wherein the solvent mixture comprises EC
25 and DMC, or a mixture thereof with at least one additional solvent selected from
the group consisting of GBL, PC, DEC, DMSO, and DME. o
6. The FLIEPEM of Claim 1 or Claim 2 wherein the polymer is a
perfluoro-olefin homopolymer or copolymer havmg pendant lithium sulfonate
groups.
30 7. The FLIEPEM of Claim 6 wherein the pendant groups are
fluoroalkoxy sulfonates.
8. The FLIEPEM of Claim 6 wherein the polymer is a copolymer
comprising at least 50 mol-% of a non-ionic perfluoro-olefin comonomer.
9. The FLIEPEM of Claim 8 wherein the copolymer comprises at least
35 70 mol-% of a non-ionic per fluoro-olefin comonomer.
10. The FLIEPEM of Claim 9 wherein the copolymer comprises at least

80 mol-%, of a non-ionic per fluoro-olefin comonomer.
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SULF, DMC, ACN, MA, DEC, DI OX, DEE, a mxture of EC, -NWP
and a solvent selected fromthe gro pTHSrﬁ-IEEtTIH% BEEIM:, GBL, TEP, DME, PC,
35 M-, THF, SULF, DMC, ACN, MA, and DMSU; or being a
m xture oMG#820813 and a sol vent sel & 1P coﬂ’gl‘§ﬁ9f’fg986$ GBL,
TEP, DVE, PC, M-, THF,  SULF, DMC, ACN, MA, DEC, DI OX, DEE, EA, and DVBU, or
being a mixture pf, ECprocls fartdrming @l RLABPEME kiegireckss caomprisive; gméaefing onsi st i ng

f TEP, . d
DAY or beiLEPH y?@%'ﬂ'é@ opabrtc R bept ¥t gry Bhyifdrient e Bremctanure g?gup
consi sting crang?el\df-4@®2003§3,mﬂwlvsunﬁdpmermbmmnm@;gﬂﬂ@ BEE, 'EA, and
DVMBU, or be'l?&ﬁﬂ@ﬂﬂ}%{cﬂ{ %Bfrn%@uﬂﬁvmﬁhacﬁmu%ﬁmv sk 6abeoll fiSpemt he group 5

..consisting o | OX, DEE EA, and DVBU; or
being a Aixture B E"CP"%FSSJ?FJ"EW‘E@E\IL&%Mql%lmces%?d%w& a mxture of EC,
THF and either DEC %nﬁh@gamwwi hmtaeasmtaupeotmfsosem iMadynd DI OX; or
being a m xture o Qﬂﬁ’gﬁ” and a
sol vent sel &Wﬁ%ﬁ?’gﬁw% up co%%m 540%26?03\()&0 gGBL, TEP,
EC, 10 DI\/Epndm;tlvitylléfaGMO I onBfemathe, somnt @sclvenss byng wﬁctetﬁo DVBU; or
-being a m NS“‘@G%“&E“%M lﬂ,rg.,gﬂny %@ﬁﬁaﬁbﬁyemdd’mwgy ,oup consi sting

of DVBO, N %th%%ﬂ%%g@\/ent

DI OX, DEB, EAWIWWI%EF) tPé?Réf?/E carbopat
selected fr cgmbﬁlyﬁuatmr(ém.i),l M'-dimethvprdg@len@Biea (DIMPY),Hemethyl=2- MF, THF,

3 e, Sl o St sk oA s g2

TEP, EC, DVEDMB), triethylpinsphate (REP), mahdi-nsbuty XIEHd DVEU; or
being a m Xiheo br béin Vﬁ&ﬂé@@%ﬁﬁﬂko%ﬁﬂ@k@ﬁdﬁoﬁf&é roup consi sting

Of @GBL, TEP, EC, H S DEE, EA, and
el sontima s LM B, Bl SpethyCasroan VG, e gvi?r %d fom {he
group gogﬁ/ls SL(Z,:IOT@ ‘C;;eb&@anﬁﬁure[dﬂic w%éibﬁpnmted\ﬁfg%l& WAgrdiﬁ(%e D{ Oé( fDEE .
oroup b1ty (B, S gibtbryERianB (0ER) 3! DO, BB, " DeE
group consi sting A Di OX, DEE,
EA, and DIVBWD@WWW§PUP@5§ch¢ﬁ°BRE°£WPé’°§8F%ﬂ ected fromthe
group 25  qUNISCHIGBIY mFTﬁEDMﬁCorBéiﬂgD&%ﬂﬁfGBLMtha)EEthm(ﬂr DI\/C' DVA

_ -?-Eg aESé ve te sel ect ed fﬁ%ﬁ%&&ﬁp Rsﬁ\ﬂSl Skl Q%}%%n% g%;m o
being a m xtufnﬁaetbjl @‘Bﬁm@l@Eﬂ};rﬂMﬁi sl R@ ot being QMIqufd?MFmdgr oup
consi sting Qb se1ddied 3t the group consisting of DMA, DMSO, NMP, methyl
glycolate (MG), GBL, TEP, EC, DME, PC, methyl formate (MF), tetrahydrofuran
(THF), sulfolane (SULF), DMC, ACN, methyl acetate (MA), DEC, 1,3-dioxolane
25 (DIOX), DEE, ethyl acrylate (EA), and dimethyl sulfite (DMSU); or being a
mixture of DMA and a solvent selected from the group consisting of DMSO,
NMP, MG, GBL, TEP, EC, DME, PC, MF, THF, SULF, DMC, ACN, MA, DEC,
DIOX, DEE, EA, and DMSU; or being a mixture of DMSO and a solvent selected
from the group consisting of NMP, MG, GBL, TEP, EC, DME, PC, MF, THF,
30 SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or being a mixture '
of NMP and a solvent selected from the group consisting of MG, GBL, TEP, EC,
DME, PC, MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and
DMSU; or being a mixture of MG and a solvent selected from the group
consisting of GBL, TEP, EC, DME, PC, MF, THF, SULF, DMC, ACN, MA,
35 DEC, DIOX, DEE, EA, and DMSU; or being a mixture of GBL and a solvent
~ selected from the group consisting of TEP, EC, DME, PC, MF, THF,ACN, MA,
DEC, DIOX, and EA; or being a mixture of TEP and a solvent selected from the
group consisting of EC, PC,.SULF, ACN, and DMSU; or being a mixture of EC
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TEP, ‘EC, DME, PC, M, THF, SULF, ACN, MA, DEC, DI OX, DEE, EA, and 30

DVBU; or being a mixture of DMC, NWP _ . ect ed fromthe group
consi stin f GBL, TEP, EC, DME | PAIS SHEETTHAS DEC, DI OX,
DEE, " EA, %ﬁ@ ' or being a mixturg of [REPLAE/EDand 3 sol v%ﬁ?m§%7|”(?§%8ed

fromthe group consisting of GBL, TER—EES—PBNE— PC, M-, THF, SULF, ACN, MA,

DEC, DI OX, Diod DME;: oahein®iBlixtursy oM Eqpns eithert ACN omﬂ)hﬂﬁnorﬁlnaand a sol vent

35  sel ect R ATHE, ACN,
VR, DEC. D RUEEIrER, ONFRAE AR il ol Thg ploug fsiscisor Yia,

sel ect ed froﬁm uM%ﬁ%‘r A PME. %ME’CTHMWFJHMCAMI MApei ng a
m xture of DBHEC, BEOXNDEE, EAcindDMSY; oPbéNg adixtued SOEG, DM4 atida of DMC, DVE

d ACN b d f th
3? oup co ;I sste ‘H%‘ Sﬁjeﬁ%’&&%@&mw%w&“ﬂ&@%@@%ﬂ&a@ﬁkﬁ HF, rgSLF ©
DIVS, ACNI M:gMHE(BC rl:ﬂg){Hﬂ DISEJ&Z@M@MCNVMA ggﬂg@g&@ﬁ% %’E‘Ef;ﬂ g&é DIVE DIVA |
and a_sol veryae).er beghe -6 BE QM g i
TEP, EC, PC NE 5" T8 RPN i g ol {iae el e levsu
or being a rfoRisting of MyE @I\&Lsaw @M@bBGnMFSEchs%FfPMﬁthrgﬂp -
- consi sting MANEEC, BOXGREE, AL DNISU; a&elﬁéimTﬁﬂEne&lmdzNMdACl\l MA, DEC,

sl et o ¢ GReRES é%%;ﬁ%rﬁsg GbfiReshsfife Sf fach GEITERIMBHC A V™ o
DMC, ACN, MAHHESULBHIMOHAGY, NbaEDECADIQXIDBBSEA, and DBMSy oabmngtaur e of DME,
MG and a sol -m%?wmaﬁaeml&a@saw%@@rtﬁé Egbhgs%;%@bfgﬁg EC, PC,

MF, THF, SUE - ei ng a
m xture of H@’ M\@WD@L s@%t@f%ﬂ%[ﬁp&apﬁﬁs%@ ng of
TEP, EC, PCDMSU; BHBem@UInﬁxmBP\HE@;@BLMQd a Bbi¢entStledted Bbin thE gy Bnd DVBU;  or

010218 il B e, SRR o, S61H i ACHe8 DERTDIGR 52
and a sol verREE&AandDMBbkor bringje ouixturenfEG; (TERpndfa solventisalectesfid DIVC |
ACN, MA, DEGhe Bo?co%ng%ﬁomob@w | TAF, mf,ﬁqumwmob PMVE, PC and a

o o <SP SRng e E&Fmﬁm;‘gga%& e of

a mxture o
DVE, THF andelecie&e&onStﬂelgrmzp oﬁﬁ%istxrtyommsmmmmﬁmé and either

DEC % Cgb o’l)a s’g?ﬁggﬁﬁsﬁ}iect eg ?X{_ om gi%’ﬁ?u CC)I’]SI %@el&g}ﬁg@ mDiétCur a %fx

DEE EA, andPlONEr being appixtyse gEEG<THF apgd G DX asbeingd  sol vent s
bei ng sel ectmisthiré 6fECIPMC and DIOX; or being a mixture of EC, DEC and DIOX; or

being a mixture of PC, DMF and a solvent selected from the group consisting of
DMA, DMSO, NMP, MG, GBL, TEP, EC, DME, MF, THF, SULF, DMC, ACN,
25 MA, DEC, DIOX, DEE, EA, and DMSU; or being a mixture of PC, DMA and a
solvent selected from the group consisting of DMSO, NMP, MG, GBL, TEP, EC,
DME, MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU;
or being a mixture of PC, DMSO and a solvent selected from the group consisting
of NMP, MG, GBL, TEP, EC, DME, MF, THF, SULF, DMC, ACN, MA, DEC,
30 DIOX, DEE, EA, and DMSU; or being a mixture of PC, NMP and a solvent '
selected from the group consisting of MG, GBL, TEP, EC, DME, MF, THF,
SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or being a mixture
of PC, MG and a solvent selected from the group consisting of GBL, TEP, EC,
DME, MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU;
35  orbeing a mixture of PC, GBL and a solvent selected from the group consisting of
TEP, EC, DME, MF, THF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and
DMSU; or being a mixture of PC, TEP and a solvent selected from the group
consisting of EC, DME, MF, THF, SULF, DMC, ACN. MA, DEC, DIOX, DEE,
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25 group consisting of DVF, DME, EC, PC, DVBSO, GBL, DWPU, NWP, DVA, DMB,

TEP, DBA, and m xtures thereof or helLng—a—a A& "JEIQ PC with a sol vent
sel ected fromthe group consi st ng OTHISI\GHEEE DMC, and ACN or being a
m xture oWE/ASTH a sol vent sel ect @Eer oup lconsi POIVESIGMIEB/E, -

GBL, DMSO, DEE, and DMC; or being & 'Mure of NVP with a sol vent selected
fromthe gram, &GDMsanaimﬁmgmtuﬁwpwmamwlmselweu By ther being a

m xture of GBL w Xt ith a
sol vent sel ég?%cqqsgﬁﬁﬂ FotpC M?ﬁg}g r?gb?)lp[’ﬁ%&%m WE*T The
process 'of. @Iwﬂvml&leqtﬁdefrmﬂwgﬁoumorsl@mgcﬁ@m ROMB.aVigis GBI, fTERN t he group
consi sting Cﬁc(@ﬁﬁp@'\/ﬁp ThF, EQLFNB{BN Bk, D@@obmxtwesa/n%amsuand 35

m xtures. therée th a one so veni sel ect m t he group
consi sti Ag @Fbmsarmwreahﬁl‘ftstﬁ SO apd a s¢ é“‘pﬁel?ﬁtéggmc‘}? BIYR 14 wherein the
- sol vent COW%hﬁ@t&lgaoﬂNMPum GBIETER) ECOBME, PCIIMF THE, SUTR, ACNyMA at | east

one 2ddi 1 ongle SaiALTHER kR ARDISHN Al AURLENBNE Pl PO DEC

DMSO, and
- el ectroc hemsobvlent:@lldcwdﬁrmﬂp@f@p@naSWﬁMGeGgﬂ-e&%Poﬂgg DMEaé’éhMRse

el ectrode, ﬁgﬁ:tmxm&ﬁ’ﬁm br:@ IO, DEES BAS 8kt DE‘IS@% bl Eaﬁﬂthkeve

Cher ou 16, * MOME MY 6o S ob e e P Ernsbuce f O Lol B ol

el ectrical Ima@ PC, MR, TEF, SULF, A, m,tmm, DIOX] DEF; B&, asdDMEY; bhe bat t ery

[ h | t | f
| T echar ao3ht o ks of MG OB ARBA QIR sBEIES f‘sﬁ&ﬁg?{?l“ﬁﬁ?'?soﬁﬁrx?ﬁaﬁzeo
pol yrer and EBP, B& OMEnRC.AFoTHE, é&NvKM w&@@mﬁi% PRbeiggaup of Claim

é-alfn 1;“%%&&9@1@%%&mhﬁéékciéﬂ%ﬁﬁtg%&%dnﬁs fifieofgt@ct r ode of
|

conpri silAg f St éngél(ﬁ’l% g‘gggﬂ'?@b‘é?‘égmﬁﬁn lg‘ﬁt{ﬁ%ﬁim’gge% \

pol yner, t herpeingranixaee of DM, QIE\nmd AN opbding amittereof DME, BMFo! - % of
conmpnomer u gl% &'oﬂ@ﬁ &%céd%ﬂ'gﬁl@tgn{dg%ghﬁﬁhg%tht M RRye or

sul fonyl flUo t1on’ erélon’ an

el ect rode a@BLeTEﬁtEQ,lPQ,Wﬂ% SULd: DMG1 AEY, M,@EQI? XnREBdA ng paste;
formng a fijngpivewn &h&x@@ﬁﬁ:&&emm DR afdcd solvenbselgetddyiain the the film

by ‘the ggplicat] gorﬁsx%Img SAbMSO, NMP, MG, GBL, TEP, EC, PC, MF, THF, SULF,

DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or being a mixture of
DME, DMSO and a solvent selected from the group consisting of NMP, MG,
GBL, TEP, EC, PC, MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA,
and DMSU; or being a mixture of DME, NMP and a solvent selected from the

25  group consisting of MG, GBL, TEP, EC, PC, MF, THF, SULF, DMC, ACN, MA,
DEC, DIOX, DEE, EA, and DMSU; or being a mixture of DME, MG and a
solvent selected from the group consisting of GBL, TEP, EC, PC, MF, THF,
SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or being a mixture
of DME, GBL and a solvent selected from the group consisting of TEP, EC, PC,

30 MF, THF, SULF, DMC, ACN, MA, DEC, DIOX, DEE, EA, and DMSU; or being '
a mixture of DME, TEP and a solvent selected from the group consisting of EC,
PC, SULF, ACN, and DMSU; or being a mixture of DME, EC and a solvent
selected from the group consisting of MF, THF, SULF, DMC, ACN, MA, DEC,
DIOX, DEE, EA. and DMSU; or being a mixture of DME, PC and a solvent

35 selected from the group consisting of THF, DEC, and DIOX;; or being a mixture
of DME, MF and either SULF or ACN; or being a mixture of DME, THF and
either SULF or ACN; or being a mixture of DME, SULF and either DEC or
DIOX; or being a mixture of DME, DMC and ACN; or being a mixture of DME,
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and, .if the pendant group-is a sulfonyl quorlde

_toallthlumlonorrer 25 21. :
polymer has a pendant fl uoroal koxy Ifi roup and the sol vent
IS a m xtwoo82bs?r opyl ene car bonat e . TheanSRmRdf
Claim 8 wherein the non-ionic perfludro-olefin nononer is selected fromthe
group consi Ai¢Nand4 sd1értatietted ABie givap CIhdting 3P MABEE( DL(DXQDEEpyI ene,

vinyl fl UO“&%- %{ %I di ne fluori de, trlfl uor oet hyl ene,

chlorotrifl W perfluoro (alkyl vinyl ether), and m xtures

t hereof . 23. ThazFLmEMcgssaﬂCémmBzumwleem ohswlvensdieingeselectedifomred from
TFE and a pg &g@%ﬂsggg}é@g@omvw%@ m@a@m%rumpurwpemhed by the.

f or mul a: wher i n

mdependént IDMBeTER: RBA; ansdhmjxtures tt’GF”g 05 bFINg @ARIXHIE lep‘gl“ﬂ‘gh ij’?‘(‘f'&b havi ng 1
to 10 car bOBeléét@dfﬁonﬁhc fdup bomNistihg of DMEEC FCBEPBMQ anCAON o€ ei n R is

CF3, R ,s d PE .

26. The ::ﬁl EPE'I%?%?PE& éﬁ'% a§°#§9€*&“§¢efé h;érgﬁé%\gs%%w %nge of

600- 1500 gr DMSOgDEExaret DMC, dr bding ambixerEef MMPOvish asolgeniseleeted famequi val ent
weight in thge ér?@gg%rﬁ snﬂggfﬁw Iﬂﬂ@@smubw en'ﬁa DMA,; or being Zfhixthf2® Process

of Claim1l or er el

|sac rising at |east 50
nol - % of0a eERBLowit %9‘1%%"%‘4 ﬁﬂﬁm WM@W@M% of O aim 28
wher ein thesaeaedﬁanpmegfdubuensist foIDEGImMGpindBCseI ected fromthe group

f hyl
consitina 57V ELr S LoLRE NG () L WOLRRY
chlorotrifl ﬂwgreumgdmrsapg péDMSQrMaP@yEC,\NWﬂ, GBIk end mixtures thereody es

thereof . 30,I0&iRLAS ?ﬁe@fd}'fwnﬂ ﬁ'léﬂs@&e%ﬁfeﬁﬂ 1R FoRP He)pr@ip do‘ﬁs&ﬁig['rgd from

TFE and _a periluorov oner having a pendant group represented by the
f or mul al3 - (of BMEH} o SXBLi, wherein Ris CF3, R is F and.a= Otor
1. 15 31.15Th&hp preessof Glaifd B4 Whekdinalie Glventedripries & eiixtutdief: FLI EPM i s

et M bAoA iR AR i,
contacti ng $toapthegooup consisting of GBL, PC DEC, DMSO, and DME
16. A lithium ion battery comprising one or more electrochemical cells

20 comprising a positive electrode, a negative electrode, and a FLIEPEM disposed
between the pos'itive electrode and negative electrode, and in ionically conductive
contact therewith, and a means for connecting the electrodes with an external
electrical load or source.

17. The battery of Claim 16 wherein the battery is rechargeable.

25 18. A porous electrode comprising particles of an electrode-active
material, a highly fluorinated lithium ion exchange polymer and at least one
aprotic solvent selected from the group of Claim 2. '

19. The battery of Claim 17 wherein the electrode is the electrode of
Claim 18.
30 20. A process for forming an electrode the process comprising
forming a solution or dispersion of a highly fluorinated polymer
havmg a pendant fluoroalkoxy lithium sulfonate or sulfonyl fluoride group;
mixing into the solution or dispersion an electrode active material in
particulate form to form a coating paste;
35 forming a film from the coating paste;
coalescing the polymer in the film by the apf)lication of heat;
and, if the pendant group is a sulfony! fluoride, hydrolyzing the
polymer to a lithium ionomer.

hydr ol yzi ng the pol yner
@i m 20 wherein the
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2[. The process of Claim 20 wherein the polymer has a pendant
tfluoroalkoxy lithium sulfonate group and the solvent is a mixture of propylene
carbonate and an alcohol. )

22. The FLIEPEM of Claim 8 wherein the non-ionic perfluoro-olefin
monomer is selected from the group consisting of tetrafluoroethylene (TFE),
hexafluoropropylene, vinyl fluoride, vinylidirie fluoride, trifluoroethylene,
chlorotrifluoroethylene, perfluoro (alkyl vinyl ether), and mixtures thereof.

23. The FLIEPEM of Claim 8 wherein the copolymer is formed from TFE

‘and a perfluorovinyl monomer having a pendant group represented by the
formula: :
-(O-CFZCFR)aO-CF2CFR'SO3L1,

wherein R and R' are independently selected from F, Clora perﬂuonnated alkyl
g?&ui: havmg 1 to 10 carbon atoms, a=0, 1 or 2.

24. The FLIEPEM of Claim 23 wherein R is CF3,R'is F,anda=0or 1.

25. The FLIEPEM of Claim 24 whereina= 1.

26. The FLIEPEM of Claim 8 having an equivalent weight in the range of
600-1500 grams/equivaient.

27. ‘The FLIEPEM of Claim 26 having an equivalent weight in the range
of 900-1200 grams/equivalent.

28. The process of Claim 11 or 12 wherein the polymer is a copolymer
comprising at least 50 mol-% of a non-ionic perﬂuoro—oleﬁn monomer.

29 The process of Claim 28 wherein the non-ionic perfluoro-olefin
monomer is selected from the group consisting of tetrafluoroethylene (TFE),
hexafluoropropylene, vinyl fluoride, vinylidine fluoride, trifluoroethylene,
chlorotrifluoroethylene, perfluoro (alkyl vinyl ether), and mixtures thereof.

30 The process of Claim 28 wherein the copolymer is formed from TFE
and a perfluorovinyl monomer having a pendant group represented by the
formula: '

-(0-CF,CFR),0-CF,CFR'SO;Li,
wherein R is CF3 R'isFand a=0 or 1.

31. The process of Claim 11 or Claim 12 wherein the FLIEPM is
contacted with at least two aprotic solvents further comprising a first solvent
contacting step followed by at least one additional solvent contacting step.
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