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Menbranes or filns
20  perfluorosulfonyl fluoride ethoxy propyl me{ etI]ier (PSEPVE) and

hexafluoropropylene (HFP). They broadly teach an emulsion polymerization
process said to be applicable to copolymerization of vinyl ethers with any
ethylenically unsaturated comonomer, with greatest applicability to fluorinated

MONOomMmers.
25 DesMarteau (U.S. 5,463,005), incorporated herein by reference, discloses

substituted perfluoro-olefins of the formula

CF=CF-R-¥-50,-R

(SO2R )y

30 where X=CorN,Z=H, K, Na, or Group I or Il metal, R = one or more
fluorocarbon groups including fluorocarbon ethers and/or sulfonyl groups and/or
perfluoro non-oxy acid groups, Y = perfluoroalkyl or F, and m =0 or 1. Further
disclosed by DesMarteau are copolymers formed by aqueous emulsion
polymerization of the sodium salt form of (I) with tetrafluoroethylene. Further

35  disclosed are compositions consisting of the acid-form of the imide copolymer of
DesMarteau in combination with dimethylformamide (hereinafter DMF) to
provide a conductive composition. Membranes or films of the acid imide polymer
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list of imide- and methide- containing ionic species, including polymers

incorporating them. However, no means for making these compositions is

provided, and no distinction is made among the compounds from the standpoint of

25  utility. No disclosure is made of the particular utility and surprising attributes of

the compositions of the present invention.
SUMMARY OF THE INVENTION

The present invention provides for an ionic polymer (ionomer) comprising
monomer units of VF2 and further comprising 2-50 mol-% of monomer units
30  having pendant groups comprising the radical represented by the formula

~(OCF,CFR),0CF(CFR),S0; X-(M")(Y)Z)e 0

wherein
35 R and R’ are independently selected from F, Cl or a perfluoroalkyl group

having 1 to 10 carbon atoms optionally substituted by one or more ether oxygens;
a=0,1o0r2;
b=0to 6;
M is H* or a univalent metal cation;



Xis Cor Nwith the proviso that ¢ =1 when Xis Cand ¢ = 0 when X is N,
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CF2=CF( OCF2CEGRLa5F2( CFR ) bSO2F (1'11) 3 WO 99/ 45048 PCTI US99/ 04574 wherein

naving 1280 10 caRoie Beetidgmane clpeeaier Fuebe o ae et o Tot her
oxygens, a =héving 1a6 1@ carbon atons dptivnally; substithted vatr omroramordetheved from a
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25 M+ is H* or a univalent metal cation;
Y and Z are electron-withdrawing groups selected from the group
consisting of CN, SO,R3, P(O)(OR3),, CO,R3, P(O)R3;, C(O)R¢ C(O)R3, and
cycloalkenyl groups formed therewith wherein R is a perfluoroalkyl group of
1-10 carbons optionally substituted with one or more ether oxygens;
30 R3 is an alkyl group of 1-6 carbons optionally substituted with one or more
ether oxygens, or an aryl group optionally further substituted,;
Y and Z are the same or different.
The present invention further provides a method for making a methide
jonomer the method comprising, combining in an inert organic liquid at a
35  temperature in the range of 0-150°C a copolymer comprising monomer units of
VF2 and 2-50 mol-% of monomer units represented by the formula:

CF,=CF(OCF,CFR),0CF,(CFR"),SO,F (1)
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C(O)R3, and cycloalkenyl groups formed therewith, wherein Ry is a perfluoroalkyl
25  group of 1-10 carbons, optionally substituted with one or more ether oxygens, R3
is an alkyl group of 1-6 carbons, optionally substituted with one or more ether
oxygens or an aryl group optionally further substituted; and wherein Y and Z may
be either the same or different to form a reaction mixture; reacting said mixture
until the desired degree of conversion has been achieved; and, removing majority
30 of said organic liquid.
The present invention further provides a process for forming an ionomer,
the process comprising combining in an aqueous reaction medium VF2 with an

ionic monomer represented by the formula

35 CF,= CF-(OCF,CFR),OCF,(CFR "), SO, X-(M*)(Y)(Z), (I0)

wherein



consisting of CN, SO2Rf, SO02R3, P(O) (OR3)2, CO2R3, P(OR32, C(ORfC(O R3,
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The ionomners ¢ff150M@oPgReENT | nvention conprise nononer units derived from
VF2 and 2-50 mol - %, prefof ABliiod i Phovites TP hn RLELAY Bldhedvd 2 m! - %
composition comprising the polymer of the invention and a liquid imibibed
therewithin.
25 The present invention further provides for an electrode comprising at least
one electrode active material, the ionomeric polymer of the present invention
mixed therewith, and a liquid imbibed therewithin.
The present invention further comprises an electrochemical cell
comprising a positive electrode, a negative electrode, a separator disposed
30  between the positive and negative electrodes, and a means for connecting the cell
to an outside load or source wherein at least one of the group consisting of the
separator, the cathode, and the anode, comprises the ionically conductive
composition of the invention.
DETAILED DESCRIPTION OF THE INVENTION
35 For the purposes of the present invention, the term sulfonyl methide refers

to a functional group wherein an ionically bonded carbon atom is also bonded to

at least one fluoroalkylsulfonyl group, while the term sulfonyl imide refers to a



10 of ionic nononmer units having pendant groups conprising the radical
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t eachi ngs of , Connol T Vel joe. i onomer
is made by tﬁngggéJé)s[(s) c%?’mtl%{éﬁqsno\ygnfl?%ﬁuggh %dr@?%(ﬁrrgo%?g})egr%g oér;g’ step is
formed a copol ynea=of, M#2;with the sulfonyl 5 fluoride nmonomer (I11). The
pol ynerization of ydpidew th VF2 may be conducted according to the

t eachi ngs of Connolly et al, ,oq. cit.. Preferably, the polynerization is
conduct e@0 with pA&" Bl < ¢ weyelertguste @BfSnoner in a reaction mxture as

taught herei nbel ofys JbeNivatiofie psoviserthect £ I whemKris Canide -pdwherX ist;ch has
e 10, POy P el SR R PR LA L
i n different icahsistraufidNy SO,R¢, SO,R3, P(O)OR3),, CO,R3, P(O)lg 3, C(O)R¢ C(O)R>,
and cycloalkenyl groups formed therewith wherein Ry is a perfluoroalkyl group of
25  1-10 carbons optionally substitued with one or more ether oxygens;
R3 is an alkyl group of 1-6 carbons optionally substituted with one or more
ether oxygens, or an aryl group optionally further substituted;
Y and Z are the same or different;
or, when c¢= 0, Y may be an electron-withdrawing group represented by the
30 formula-SO,R{ where Ry is the radical represented by the formula -(R¢"
SO,N-(M*)SO5)m R¢" where m =0 or 1, and R¢" is -CFpq- and Re" is -CFopiq
where n = 1-10, optionally substituted by one or more ether oxygens.
Preferably,a=0or 1, R=CF3,R'=F,b=1, and when X isC,Yand Z
are CN or CO,R3 where R3 is C;Hs, while when X is N, Y is preferably SOoR¢
35  where R¢is CF; or C,F5 and M* is HY or alkali metal cation. Most preferably M*
is a lithium cation. Most preferably the ionomer of the invention exhibits a
melting point of 150°C or higher as determined by the peak of the endotherm as
measured by differential scanning calorimetry (ASTMD4591).



calorinmetry (ASTM D4591) in view of their bul k cononomer contents. In the
process of making the nethide iononer, the non-ionic sulfonyl fluoride

copol yner yéewmggy fornmed, is then contacted in an inert orpganisvbisqai d at
15 a tenperature of 0-150C, preferg@l 20-70C,.wth a arb |on derived
from CH2YZ, wher elle methide ignomners of H’%ﬁqnﬂfﬁ‘f'ﬁﬁ’t"ﬁ\m‘?ﬁ’gﬁ’ %el ected from

tc?(ca)) R?r ouc(po) 1y%£drﬁgu&{ of B ) waflPRE2 a&@&ﬂfﬁg td%@)m(aﬁmgmfmﬁmy M.01R32,
c enyl . gr.oups
per f | uor oal k @‘Pfer%g J}S’%Werl ﬂfomgth}‘%d?& rxb%l?@ﬁﬁ?%ﬁ%ﬁ&%&? f\@gqﬂeﬁuﬁel Sr :

more et her oxjeedsin adflefiBatbsy siep ialftaydedgroopplyster of FF2aviuths sifenybnal | y

substi t ut th, one aor et her oxygens, or an aryl group optionally
further ubsﬁﬁ“ﬁ tﬂeéa"n"»}ner@bz are the sane or different, Pr eferabL%/ Y and Z
e

are CN or C02R3 whbe polpa@erizsationra (TRvth NE2 magede cqudertedacsaringiodhe eact i ve

species fro | ¥p.80 . Phdfedablyritiedlolynddrizayiohi scendumeat
preferably m%r\(%%m&ﬁl%ﬁ?%ﬁ&ey%o I nat |aor¥ ErJz;)I}i owed .t eact until the

ydrid .
sul fonyl f1 uwithgee-pauls; }%WQ?(WWF‘% %Bea"b\m RyRgasd ‘{g%l cally 15-20
hours in t heh&éﬁbelbwdrhetlmamﬁératfmdrfmgaomionz@pcnmer wobich hps béesr abl y, CH2YZ

as herei pabove descrjbed conbj ned g%glm f and
(111), aHb 1| PelmSHE lcﬁ'rsiuﬁle%alshloflﬁ ]i%ﬁter r1ls jr:iﬁghﬁ%lt |1Mtg% CQ 1r5g5|go of one
gr am equi val enhighei aghietenthin@Hifivim thedeakvol ‘@ﬁ am(éb@m@ldéﬁ@remléﬁﬂ@m&)f l'ithium
hydride per gf 8%%9? &§§4FR/PB4W )9 Vi ofSHeit Qﬂklcofﬂoﬁ&hbld&)ntecﬂﬂs! t ab' e inert
organic |iqui s I'nc e 0X

en-cont ai ni n% sol vent such as kyI et hers,
di met hoxyet hane, ﬂethemwswﬁmalﬁng thegneth el%‘lﬂn’fe& fBo-ie Y

015 B g&@%ﬁ%gg@ﬁmmﬁﬁmﬁmm
reactionld PRAFBPFRYTS Byeraebly g 3’%’5 04574 The
metal fluori dﬂ{zom rwmmﬁ Yo aﬁfd@ dreleﬂbctrb&vwﬂtdidng gtdupn sgededlromahe t he

i nvention may be renpved b ti r 3al process
using wat er S"94P %°§S‘F%‘Eﬁ1%f ?ﬁiﬁ 3% %Pe( g{? @2% & Keznl? ?%ﬂl gt%g%)glfn t he
formation of csa)hh@nélcsqloalhwl gqnip@l fmﬁmbnrwﬁlthwhewrx Reisiagisriucsontkyles i s

formed often f heWH tnbdre R4l ¢ds; di fficult
ey e m%ve T tt?&t}{) W%ﬁlﬂh‘b%ﬁh@cﬁwﬁtﬁ% re &tHé RYg

ry neans. suc
distilla@Pon. The Rodsrnaty! glioe}nnoéh@ag?@ﬁepfé?ﬂayy SPE%%‘S“%&I‘} 84T MR, of
anot her et alet}iepBx}detidldrag add@Rdupsoitionalty further gbsitatedcar bonat e, sul f ol ane,
al kyl phosphat e, di pet ho ethane i ch replaces the 10 residual |iquid,
typically at noder%f”ecpz %1 &Pstures in an anhydrous fluid such
as toluene. A rmnd?feﬁerabl}f‘&iramd@‘areﬁ?elme@@pw%th&NSEszsh@ld@ﬂbm of the

I nvention used to generate reactive species from CH,YZ is preferably an alkali metal

25  hydride, most preferably lithium hydride.

The combination is allowed to react until the sulfonyl fluoride is
completely converted, which takes typically 15-20 hours in the preferred
temperature range of 20-70°C.

Most preferably, CH,YZ as hereinabove described, is combined with the

30  copolymer of VF2 and (III), and lithium hydride in the inert organic liquid in the
ratio of one gram equivalent weight of CH,YZ and two gram equivalent weights
of lithium hydride per gram equivalent weight of sulfonyl fluoride.

Suitable inert organic liquids include oxygen-containing solvents such as
dialkyl ethers, dimethoxyethane, tetrahydrofuran, dioxane, sulfolane, dimethyl

35  sulfoxide, n-methyl pyrrolidone, dimethyl formamide, and acetonitrile. The
preferred solvent will also be readily removed upon completion of the reaction.

Preferred is dimethoxyethane.



may be formed by starting with the unsaturated olefinic structure (111),
followed by bromnation as is known in the art in order to protect the
doubl e boy@ ogiadst i on 15 as herei nabove descri bed for the poxzhsgeous74
copolynmer, followed by treatment wth Zn .powder .t ield the | ymeri zabl e
doubl e bond. To fT&xemlqthlélu%dEQOPreﬁ%?m&Pﬁ lgﬁ‘ée ‘BF@%‘@%%W%%%P% %ﬁﬁe VF2 is
copol yrer i zgghentibh thdyR remeasE ifl desiealybo skiractionroe prdimpsit pocess uidg

CF2=CF( OCF2CFR) aOCF2( CFR ) bSO2N(M+t) s2Ri R and R are independently
selected frdf'¥: A or a perfluoroal kyl group havi n% 1 to 10 carbon atons
optional |y subst ilt istfedndin theipracticenafithe mvemtiong shagimithe formatignof or 2; 25 b =
0 to 6; i.s_ H+ or.a;.uni . j g ig! ofAd
represented 1%?101??{8’ th?%ﬁ%ﬁgé%l%%@ &E‘?fg&nf;s%%nﬁSﬁﬁ#eﬁﬂ?ﬁ%: Q.or 1, and
R' is - CnFaighlastablerjotvaies thejemithmaking i ditfipult'tg fulliyremoye fthat Yapid by

substi tuted oq%ingﬂﬁrnge[ns@'ﬁ&?aﬁdr?(ﬁrg or AisYillgsn. B resifastfliguidb preferably0d or 1, R =
CF3, R = F, ="1 e I's Rf is C1.3gor C2E5, an - i s an al kal i

ang wh d_ M
metal cati orfemeyed Bb?‘%‘ﬁ%ﬁ’%ﬁ‘inaypomef M RLsa5Re 8¢t SHELES 4 Feoner (V) may
be synt hesi zgebcnaepiulfoighe] sikylphodphaehomiimethokythane wich wiplaceTthe
pol ynerizati on . be, eff.ect e [ | NGBS nnol Iy et
al, op. Wit .re%‘g‘qaﬁ%ilqiuéd’ ?%‘f?glyiagmt%ﬁgrg%ﬂa@?‘( %:&gd Eoeft}ﬁ‘)te taglﬁggr]glsent ?(ri]r\(/)gﬁti on t hat
the met hod bfuidwhdélcs tolvené.ononer is formed can have a large effect on the
mel ting tenper at UA%&{?mehﬂ%o@erﬂEE&n&ma@%iét 8 BRMond¥edrlof g iRGMoni S Of
i nportance because a higher 8 WO 99/45048 PCT/ US99/ 04574 "ﬁ'gf' ng 1 ononer
wi || provi demay h¢ eed by stariingowith therumsatyragqd: efgwﬁ strachiredHD. fllowed; i ym
batteries. Thephlifitioards i$ BRFICH thoa iedestogmvtest theldgubde Basl, fartion

copol ynmeri zin nmet hi de or.. i m.de nmononers_accor di Mari&au or Xue,
op.cit,, W t??q?r‘flgi‘l?"éﬂaﬁﬁwlg‘é%%é% AERE 90333313?? gogloi”igﬁﬁ i§cs Gﬁl%gt ate that

t he process with Zngrivkiet eayicldalbesdgmetizabld ddubledsandt in |inmited, nearly
random i ncor por at he...i:m ide: K2 i 4R mal ve

t hough | ess convexlgg%%%%é@ledgs}&' neg\(/z\)nrgtl r?%?g?glr@?&% tolpolj'3}"’I rize in a
per f | uor i nat withsled menemerBeeomposition repsesenteddyt anti al di fferences in reaction
kinetics, the rate of 10 incorporation and distribution of a conmononer in
copol ymej4 zation w t hopE BRSOER) R (e N@EBhsOLe of the gpyononer
in then%dueous polynektr;%/%_é%tﬁ(gn S‘\msd?aum I(t h%b?(%ee(ﬁp?ou%df very surprisingly
t han when the nethide and imde iononmers herein are copolynerized with VF2

in the aqueous enﬁ'agxid% a%ﬁ%ﬁé%%%éﬁ%§%°£a HoREF AT orSsel@stoalRyl(Rbaw! | y et

al, op. cit., ionic |on|callgbpoor regi ons are devel oped.
y

Thi s resul t shavingh to dhesrben aipmistoptippailygubstituted by one or more ether oxygens;
a=0,1o0r2;
25 b=0to6;

M is H* or a univalent metal cation, Ry is the radical represented by the
formula -(R¢" SO,N—(MH)SO,)R¢" where m =0 or 1, and R¢" is -CyFpy- and
R¢" is -CyFpp+1 Where n = 1-10, optionally substituted by one or more ether
oxygens.

30 - Preferably,a=0or 1,R=CF;,R'=F,b=1, and when X is R¢is CF3 or
C,F5 and M* is an alkali metal cation, most preferably lithium cation.

The olefinic monomer (V) may be synthesized according to the teachings
of Xue, op.cit. The polymerization may be effected according to the teachings of
Connolly et al, op.cit.

35 It is found in the practice of the present invention that the method by
which the ionomer is formed can have a large effect on the melting temperature of
the ionomer formed thereby. Melting point is of importance because a higher



melting tenperature higher than that achieved when an iononer of the sanme
over all conposition is fornmed by first copolynerizing VF2 with (I11) using
the same wyepeess followed by forming the iononer. An alterpeatussgosseans for
providing the desired higher nel ti.ng i ononmer 20 whil e ayoiding the
pitfalls of meltingiewmesr sell pewide Dhighersise tamnesauigiin uchmpplicaions phg t he i onic
species, is PDRleYREr i ze VF2 with (I11) in an aqueous nedi um wherein
the i quid- Illhglw d @J‘rﬁﬁg?f ace | s substanti alllﬁi\é i ncreased oL/yer that in the

met hod of Connol | Jhespieas agdeachs an 3AUGPRSHIHIFE RERCETS IO5 TPt ™ and mononer
are pre- enulgithi®br iR myehyerha@brdihear DedMartegu ooXde tdparis, wish her ei nbel ow

25 d i_bed. t t f . eyi I i i f
the | nvént e 9035935&%%@@%3?68%{5’8%%%‘???ﬂ%‘é Bk BeBR ) 19, | onomers of
per f | uor i natBesMartdauemtessarhytwill hisylt i linéisd, nerdy eandenr inerpergionpf thie expense
and hand i ng (! b} GilrideSfondridier RRLlibRRARNhblgh S donvbriedigibdbst n. t he

practice of nventio it is preferred to nake the nethide iononer
by pol yreri Zinegvnimzhert s q palymerizeingpeciiyanngiediselyedt at e as  her ei nbel ow
descri bed, hf ol I onggedave 605y BbstahfalBiibrefic:sas rdaetii Kinkiiveethe dats of | bed.
However, the imde js prefertabl ornmed by f.irst . formn he 4.3 de nononer
accor di nd tolnX??é’PEﬂS‘Pn@B@ ﬁfmfbd‘lt‘f%\?/éﬁ C%‘%}mﬁ)ﬁ{?fﬁﬁFPQ‘?IWBeﬁlﬁt@ﬂR’V&g}u{ég%s 35 medi um
al ong the |iagends ugcarthehvajlabidipy oftthe combmorhertih thepguuecusipedymertratipn ef er r ed
method results.in t referr ' . ' j ' ; 150C and
above. 9 WD %?lhlgbzllgﬁf}%e/eﬁ%@ﬁﬁg’fggg {I E\uéé] ?\r%&%gelvarlllgﬁ %gdeg?d_é(jﬁ Enrlrg‘{/ be

synt hesi zed topomedereiy are wpaiyostizedyith Vdigriadhaaagousem|8Eon or nul a

CF2=CF( OCF2 R d]%;dﬁf Qfdi Rhenfieachi ngs of
Asahi Chem (?g@ n u%%ogﬁ%g 2056111(35?1@0%;98 a%.gﬁ%{.tr’r{)dt?%:,an rie Qinauchi, g

M
Chnura, M Eisinically peer igeiops pig dsvelapede RS rrvlbyinge ipnpme sXBibiigHus i ner t

at mospher e aefigAERPaALMe Rightr i (HCachivved déien bidpboieeof thebeme obet | ni ¢
ond accordi

ng to the teachi in U S . Patent 6 [ ereby 10
a composi ti oﬁlgF%‘BP%ss‘Té?ﬂ ‘égowra?qy\ﬁr?t QPpLymSRZng ﬁ%f Wgchg@ﬁol%glgg&%lgasréphal oéen
usi ng for expigets DAEGSEBHy fdmmingths idnoowr.nat ed starting material is conbined
d d diti i : hi j i I t,
under dry condi :\/%?ls%g{aggﬁnggﬁsﬁog ?rog@@%{%q%g% hlé{&ﬂ{e'ltﬁlng&ﬁkxc sol ven

wi th anhydrous O\ ] ) _conposjtion represented by
the forn20a wkile sopining, thevnisiels pf unwantedesidergpetions pesgeiad Wiy by the fornul a

-(Re 15 S02 gp,&iyﬂﬂeﬁQﬁQgr{hﬁdmwg@éies, itocoBol9metize VF2RAGSII) b anlaquend Rf' is
CnF2n and IS represented. by the farnula F2n+l where n=1.ta 10,
Rf SO2NH2 bei IR ¥ Crey i’ﬂH’é"‘E‘l}“‘F Hﬁef?aésmuﬂ?%m&qu%ﬂf%%ﬁ 88?2‘?‘?%‘?‘ and
Ni eder prum ( @emitked of Connolly such as that in which the water, surfactant and monomer

are pre-emulsified under very high shear mixing conditions as hereinbelow

25  described.
Alternative means for achieving the high melting ionomers of the

invention are available by copolymerizing VF2 with (III) in perfluorinated

solvents, but this is less preferred because of the expense and handling difficulties

inherent therewith.

30 1t is found in the practice of the invention that it is preferred to make the
methide ionomer by polymerizing VF2 with (III) in a pre=emulsified state as
hereinbelow described, followed by forming the methide as hereinabove
described. However, the imide is preferably formed by first forming the imide
monomer according to Xue,op.cit., followed by polymerizing in an aqueous

35  medium along the lines of Connolly, op.cit.. In both approaches, the preferred
method results in the preferred ionomer having a melting point of 150°C and

above.



Zei tung, 96. Jahrgang (1972) No. 10, 583). Suitable solvents include
acetonitrile, dioxane, and sulfolane. 20 Preferably Rf is CnF2n+l1 where
n=1 to 4. whev/480a¢ ure thus formed is heated to a tenperat upeTusd/ds74 ange
of 50-150C, preferably 70-90C, and the reactiqgn is allowed to.proceed
preferably unti ITmh@lé@M(Hé@aﬁé’éﬁY@Bﬂw&i eXpoges %Fﬂ‘i"ﬁ%ﬂu‘%& NVR.  Upon
term nation gf ctdedRant féhuld he product, which remains in solution is
separated by 25 filtration. In order to regenerate the olefinic bond, the
reaction product is then CReQF@CESCHRYDOFB(GIR)S0Fnc, preferably by
slurrying Zn powder into the solution, at anbient tenperature and then
heated for several hours, as taught.in U.S. .Patent 5 ferably
fol | oned by Mpdeasees ge?ﬁahwgééhl?é fiAsAhieImg &P‘io]‘%%r;‘/’ g%?%tsi?%%%*r 5%8% c
sol vent suc f‘l@i"&iﬁ@&i, OniMiyanchi, JTOhmuta Mekbisasvazet abhtodsomingror cBrine i esent ed
a

by the formul a: ,CE2=CF 2CFE LRSS MSHERA i thiated
i ?1/1 de form an@yﬂr@yﬁp%%%p@%ﬁ%ﬁ%é%%t ner i zi(ad W th %&g%)ré?%&z;ﬁécor:ji ng to
t he teachi ngslefiic Gondatdoyding teathe tagehing én Ve Patenhp.463 .80 EamingthereRfier ei n i t

is prefeyyed, Eﬁ?é&?ﬁ{? rggﬂése@edoap@w NR¥reOfvashiigy 376mbOVd dxcked Hatoid by

met hi di zati on, e of tthe jmde it is highl referred to first
meke the | nisipgiog ewﬁré%aﬂs\%yﬂmthmamw%ﬁﬁt%& \ag}‘f‘ W%‘Pe\(}FZ I n many
appl i cati onsypdeb@ry M@ﬂﬁhgi;ﬁef@fa@fﬂh&hlanhidibw dprotit organfci doveat, witD sheet .
Films may be forned car di pg. ocesses. kn i I 10 WO
00/ 45043 PCTRUEIERS M FICHBEEERCS 0 a oBioarn [rercd B g BpRBe o ey
such as DVACR{ SBBNH,xther Rybis theomticalrepresantdd byuihe domuaudReas a gl ass plate
usi ng a gdoct i r R Vi n LBvte a8 ReLiQ CAESI &ld I N

deposi ti ﬁ’g fs{)?rlgrt%ﬁgé%)ﬂ‘b%sfi ﬁgl%eé?ﬁlang%trﬁ’e&%sglm tﬂ’gl{% B G5 Preferably

e r at &d-
the ionomer Bf" isrrepresangasthyothe farnmula GaF mentyhered=hite ﬁoaﬁi’%qﬂ bdMger and
then is forngdgl MBrding td 1 RackiR@edf M¥ufendBirifePardaeiederpies (Chapiikéer abl y,

the nelt process Is an extr roc . JJhe jiononers of the present
i nvention, héme¥e 9¢-Jahigans @?8)2&& &S§§ Isd\}([lgblfaé&é’fmt&fm?%%acgetggﬁﬁ%(\,t ivity
in the dry stmikene, biydsulfdldne. about 10-7 S/cm at room tenperature. The
i ononer y be cogbi.n j £.h liqui.d to i eve higher levels 10 of ionic
conduct i &?t y. Depg%(f?rﬁéyﬁ%olﬁ Cﬁﬁ%“*ﬂg‘llhglrerlg_nlgt%{hé of the application, the
i onomer wi |l be i Fhe mextacs tus formed s heatedte o sempezaturerin thy rapgofar t i cul ar
metal being sgqkpsi 160°8D Rhd BRUERR0A S Mked 1J BRckédistefiraip! Oyed
therewith w Isﬁﬁtspi(?é@magrggée’m;?%t ated b; thg appl i §aNI§gt L&]ﬂqgen?rlgl ternmns,
it has been toiikibe RaSONH, hanbeen cengmadias deteiainer ) uctivity of
the |iquid- ceiptidiion 8f tHeestion lthe bREUER SAfichMetninsia selation s pparatdtbywei ght
upt ake, increasin ielectric constan .and increasin | icity of
the 1iqufd, m"r@%cgﬁﬁa{ﬁ’@f F\ﬁegﬁf‘eﬁg@&‘ﬁé}i@%%g%}%gge TeAg RS, rggxagé ZS t\?lmg. h
i ncreasi ng vicentaged withmektaltic vmasprafyrably by slueyingiZznepafder krdo thecpoludion,
at ambient temperature and then heated for several hours, as taught in U.S. Patent
5,463,005, preferably followed by filtering and washing with an anhydrous,
aprotic organic solvent such as acetonitrile. Thus formed is a composition

30 represented by the formula:
CF,=CF(OCF,CFR),OCF5(CFR"),SO,N(M)SO,R¢ V)

The lithiated imide form of structure (V) is then copolymerized with VF2
35  according to the teachings of Connolly et al. Unlike the methide embodiment,
wherein it is preferred to first make a copolymer of VF2 and (II) followed by
methidization, in the case of the imide it is highly preferred to first make the
imidized monomer (V) followed by polymerization with VF2.
In many applications, the ionomer is preferably formed into a film or
40  sheet. Films may be formed according to processes known in the art. In one

10



enpl oyed. Thus, a highly basic solvent of |ow viscosity and small nol ecul ar
size but low dielectric constant may provide superior conductivity in a

given 20 Reyby/s¥ess than a |larger, nore viscous, |ess basic sgmessbvosfavery
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el ect r ocheni esiploytedbiThiis, p highily hasiesadeent héﬂ“é‘t’lﬁwttﬂ smakhmolqcylag sig¢ choi ce
for use in | 'bhpfoWigl%Eﬁﬁrcgﬁftasntgﬁ@ﬁéﬁQe bbetibEcd NSRS kivdie  art which

contain fluorosulfonate s | ongner.s .of the ;%res nt, i.nyention

conpr i se20| ussahrpRhyR miaraerdmor visoensdess brsic solveript aari ek disieghis

di ssoci ati on c%ﬁ’stiuﬂa O @BisE, ol ¢oRideritins ety qafr?\:ihtgi play ssowellicForve "
conpositions forned therefro t ur pri-sin | . vity. e
pref erred coﬁH@fBP]ievéhelglbq’rB%Q\ag}bS\létecg?é? 4 15r gtgl?]lte H %l\t}elnﬁgg#:ﬁggbnpri sing the
lithium salt enbodiomnétiveabnipositivunmagthsis bé fartred byreembining tagathentheot i ¢
organi c sol ve r. A | I t.8S es, are
particularly I%qﬁe-_rggf{hgg’;%é@ 1%@3)’1912'{&?@? Pﬁﬁﬁ?t?gt g gr‘&ggwgeéllﬁﬂgggaddi tive

ef fect t B&r etkoowntin the ariowell as Hnbiping & day Igpomen #im iha migyshehsohspts arpe

present invenhhor&sy BytfilRablal seieat Yapohngfr aértiolield Yomditdomhwse

i bili h qQrgan | n i
([:)ggp I\/g t giaul ' éﬁmv‘t\fg;ipg %qunolrr?ersﬁx%thvt%e tso vgﬁc‘cs ?noam%%ft %%tet gndter;(?ruldlcr)lré 1 mrs Sof of

controlled composition. Preferred solvents include water, nonaqueous solvents

such as linear and cyclic carbonates, alcohols, esters, lactones, ethers, sulfoxides,
30 amides, sulfonamides, and sulfones, subject to the general considerations
discussed above. The solvents combined with the ionomers of the present
invention to form conductive compositions can optionally contain additional
mobile salts which may be preferred for specific applications. Other solvents
suitable for forming conductive compositions include ionic liquids such as 1-
35  methyl-3-butyl-imidazolium trifluoromethane sulfonate.
A variety of chemical agents can be added to these conductive
compositions for purposes of improving ionic conductivity through the influence
of the chemical agent on the dissociation or mobility of the ions within the
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formed with TFE. The higher affinity of the ionomers of the invention to
organic solvents on the one hand nakes nelt processing or casting of

menbr anesyg pp@hdgl 20 process for the production thereof,; aotusesnodshe ot her
hand, provides for higher uptake of the preferred organlﬁécarbonates in

t he preferre@lwmamym@ 6 icalAgents inclyds Jub gieor Hpute 8ar‘r?§1°to hi gher

conduct i vi ticgs HfieoS% nts stucH 8§ drowh ethiefs dndeizfp etheisiand anfontchmplaxirent i on t hat
certain COI’TpOS[p

t1ons i on t he vent | t | east
50% VF2 nor @gﬁktéﬁ‘é%haﬁ? 3a‘E°nPIé>éE§ WE%”%%’%*‘%@? S“@%%@rgr@%g@%@?z ed by the
sol vent's i nbi bed THetibhdmérs of thet;ineseMnmntmarptO\d&se@a@bumﬂxpﬁ@@mb@ﬂ

strength_of the.nenbrane,
enhance the %Fﬁ%ﬁ?qo&er%?)f{hﬁe 50 ven% Iaﬂr}ﬁatv}tz ﬁgg%mg%l\/eagﬁzl ;32: Fat)f)e

for inprovi ngpolymenecthibit dedtrqsherpisat st@ghﬁyn@hlgl@i@akqgthﬁrﬁ@mlﬁmaét ion into the

pol ymer by r’{g Qﬁalggggﬂb éenfo} B?e 1ﬂrlﬁh1uﬁ‘1 BeBritOTampdred & tBOiovoRRAER thhat s not
sol vent sensitive; f1 t1on énown mean blend with a

non-i oni ¢ pairtwhichcantain %uqr@%%fogféw Fﬁ!tl?éﬂ%‘i“f“?r@thg)pPeSF%tﬁaYmoﬂy known

nmeans of t hecohﬂﬂﬁg?lﬁloﬂfsultf&@lm%&i&tdr@mdm sahs Whlchmahlﬂnltﬂngheed;ssdb)atbinend| ng
di fferent caonpositions

This i mibnt B REmmRT R heel Bros s LIRS QeihoRfihSfifile asiAent o
- S02F- cont ai withgurprigiaplyriigh emndpetidiyr Side pfrcfpncdleondmgtmm@mp@smnﬁpf@@nm ned

attributes of | ner th
ther eby obt ﬁfﬁfﬁﬁjﬁi&%ﬁ%ﬁﬁﬁ%ﬁ%ﬁ ﬁ%psga?om%%%ﬁgeé‘a*f?%‘é?‘““?ﬁ*.eﬁﬁ“mﬂ%mer .

i ch may beinu aproedio ropgANER IOVENES, Qg FhbhRILARIC CaTeBAFY s incl ude
Lg;;ﬂ Lg?ggf’%% ﬁgre p’é?t:iéﬁ'ié?fyr wéll- blﬁfeg%ﬁwe@ﬂﬁthlmﬁtbbué@@e  ohl g

ne uor ) i

vi nyl i défe chl or i Hiean FW"ICGS{" ﬁ‘?yﬁov}tﬁﬁlfougfl’f?émﬁrls&g I Edtﬁ ‘rr‘]?ﬁ?lgg r:ICF(e'R f
where 5 Rf= ﬁE%reseaﬁﬁv@momﬁﬁbu pagicelarlg higheaffinity amd phase corapaibility
tetrafl uoroet byl eneicestoﬂge)rr(l fals.lf:gmgrﬁgﬁe h%qgnorﬁ‘érp}ﬂ“?er i t&? c1t

per f | uor oal kYt ar e presefit in the
pol ymer at afou:mad: mﬁhr’EFtE oThatiighgy afniBoofithe mwmptsl of s @vgrmomatb IOEgaFlt?r

bl ending wi th ereg’?()%gl%i&ﬁ Ghdit cés@fﬁ %@%astlﬁagloyﬁfeﬁ{b&ﬁfekws@mhyl ene)

and copol yrrers I uoropro er.f 1 uar oal kyl I
et hers, bl ymonsﬂslfd%thépquyéﬁ“?lu@elﬁ@ Hepe gﬁ‘i haé‘ch’p??ﬂ‘ﬁ ht‘@kﬁf eof yvm ;“hny
Egﬁgﬁ: gg; OgrS eggﬁ&g fé‘i*erﬂég dfg/éﬂsz be@B@ia@éSllﬂﬁle phefefieé t@iduetve onposi ti on

| 0 the VF2 ion
of the prese?RmP‘l"Wé‘?ﬂsl gﬂw “i*ﬁ@é’@nnlﬁ?cgoé)%}égg?é’ogﬁgﬁﬁgl S e%’i)é’t her by maﬁge r
commln in thebartltsyﬁiunasnthemrmce nf the dovention thak cestain mmppsa@nwfmc or
propyl ene carbonat e d fillers
i ncl ude Si 02%° Rﬁ?’fﬁ%fﬁl‘?“b‘%% Sgééﬁgﬁ?leﬁgsur ggtza rﬁﬂégge%prgtrﬂ?%rég? | ess t han
1.0 mcr2m i ROYi BRR:tey ba¢cen¢11els$ttce7@d byahmsock%ené%l@babﬁém ndt Wit t he
preferred grage fitant §2rda888 medhaniciladensa B tHeaherbiahé. Olnlsonke30 si | i ca.

applications, it may be desirable to enhance the properties of the solvent-swollen

membrane. Means available for improving the mechanical properties include:
1) incorporation into the polymer by means known in the art, a non-ionic third

30 monomer that is not solvent sensitive; 2) formation by known means of a polymer
blend with a non-ionic polymer that is less solvent sensitive; 3) blending by
known means of the ionomer of the invention with an inert filler; 4) blending
different compositions of ionic copolymers.

In a preferred embodiment of this invention involves the use of

35  compositionally heterogeneous -SO,F-containing copolymer as precursor for the

jonomeric form. Combined attributes of increased conductivity and enhanced

mechanical strength are thereby obtained.
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Loadi ngs of up to 50 weight % filler are preferred. 20 The preferred
el ectrode of the invention conprises a m xture of one or nore el ectrode

active mat@s bgdstsd N particulate form the ionomer of the i peanisoonysrs at
| east one el ectron conductive additive, and at_. | east one(g %ﬁnl c carbonate.
Exanpl es of usef {uitabledeirdmonementarhich mex be pegfpmegperalednthiese) j it ed to,

carbon (9r gpflrhdrfo cm’bﬁpﬁmm@wmmbmtmmepmmmﬂmmmeﬂa ber s,

pol yacenes, and the | i nd l.it hiu nt er.c (o} t hi um net al
nitrides su@ﬂlyé%neth?‘ pif%ﬁyﬁmﬁ trifupine Vm ﬂo(?(aﬁicﬁﬁ ‘{?lfoor%/ds? such as

al | oys of | lalﬁylmenmmlbnaé lpmﬂmmalkylwnyl athagn e tharfprnda GEQyCFQBng@g@se iron,
anti nony, h inert
5 ng%v\gflk,s(%?g fodel ﬁleke(?%d t&%{(mgﬂﬁrﬁﬂgﬂﬁe AANANBE Ryt

metallic tin-1rron-ca t1n- _ nanganése- car bon

ternary corrﬁwmﬂlmrolvmp}allen@ﬂﬂd’éﬁjle@ﬂd the perilparaalkgvinybethgisg d€rmaoRIMELs tin
oxi de, iron agé(bfé?eréﬁlgtp%kh{qh%ﬁﬂ yméed ladboHeBn@stigieof l.g.l ®lBouAvl-%Xi de, or

t ungst en OXi Fectraonically .ani on or cat| ctive
pol yners such as Prlymarsispitahle EQE bkf’r‘i‘id E’rn@H’IeEﬁ(? 5&8’5}8’ %#%yl ng

gr aPhl tic E@lﬁ(@raﬂ%fbeﬂ@ldﬁg\ﬁd?@@&yiﬂmh@mkmtfsmsxaiﬂlmmprapyle’m: orar e
preferre

. t t | ted t
transition B% Wérf’é? lo‘ﬁwﬁee Ceg%\éﬁlyvgn slgFrﬁéeﬁ i%hh%%%p B)x’ﬁ erqé(g ElONhOIZm LleNl Og
Li Co®2, Li Mmm thareafrwitkhekeSuaoptopylenetand pply@ﬁly&np@égles&h as Li Fex2,
or vanadi um %rg 8%0&1@}%&1&?%&}1%{%@25 kd y@%%vht b4 INVP@ﬂ@mb pétoe¥blefded he above

conmpounds nonst ol di sqrdere uaz or. oveél ithiated or
under i t hi atwahm‘m!;mpmoq@hpmqsggggm&sm ?Sﬁr"iﬁ;‘e 2 bhhdRd i ng

m%‘t al lic vacg Eﬂh@nsb ﬁé%ﬁ%nﬂﬁﬁﬁﬁ%@&t Qich(h@fnﬁﬁing in atcem)nontdamenmmhas
conpounds_ do untngf oRt h r d| valent or trivalent netallic

cati ons gqjchB%AE@gprongeggcar faate $ REPYANGy 3, Fe3+, A13+ Ni 3+
Q03+ M3+, etc. Suisdbld menfmmonadd;e Sn@:zhAag)ﬁai(Dg os@laFyrnghrsglafacea

di sul fides, or figa 88‘&118{?3 ?‘?Sﬁ I%m%E: [ ci’}%maetsgre(ﬂlresﬂs@%wh as are davallable

el ectroni cal yImer s  suc
derivati ves, qulheypxyfen@dgradleroif Se@z wsisr ﬂ}@dﬂﬂp@ﬁ@pl@@h;ﬂ d eTSéépls‘)Hﬁﬁi ves,

pol yt hi Ophenﬁggﬁﬁ%V%%§§0v&éﬁgkﬁ??ﬁ[leﬁeﬁ@ﬁfe\fé’f&rds or m xtures of any of the

above conpoun e sl ze he active materi al shoulg range from

about 12Q 0 100 nilhe preferredrelgcapdeef the dvepLoR FQMRFSERA YKL P ®uch as
Li Mh204, Li Nifdee eld&rdde @elive mateflalk lni\baim%.fovﬁl hhgiohympr ef the im@ntion,

| ect duct | f | b bl ack,
aval | abil e f 1 BHFEHEn AR EorEon BTG addt il gD ReSigRe ol Elndagin bon Bl ac
concentrat i oExamplyeoﬁﬁseﬁﬂ-aﬂxﬁl%acﬁwefrmmﬁalwnclud@ bubare met hmrtad;tq, earben t he
| 1thium i Ono@rﬁ%ﬂlﬁc c%ﬁef* Hé)@' rﬁ@s%gar%t)ﬁﬁl&gg@idssca?@&nvﬁ%?s f)o?@gexég’%ﬁld-m@

el ectrode of convenl ent be made

ersi on.or
di ssol ut2dn dikednd lpbmmmteirealat@fh%h@hﬂ%hlmt%ﬁal @H}ﬁ%ﬁp‘%‘&siém 8M’m Xi ng

together wit htﬁlﬁlﬂ rﬂétﬁcxldcpﬂﬁuﬁ?amds@ R0 i 6ll@s dfflienigarbignalomankn pant i cl es.
For cathodes the preferred el ectrode active nater.i al (f%u Ni,xCo 1 -x02

wherein 0 < FAENGSIURMPISURManEAGEss ORI, FAdilm, ag B&ive material

i s graphiti zgstming anode compounds with inert metallic frameworks such as tin-iron-carbon

or tin- manganese-carbon ternary compounds, metal oxides or lithium metal

30  oxides such as tin oxide, iron oxide, titanium oxide, tantalum oxide, niobium
oxide, or tungsten oxide, and electronically anion or cation-doping conductive
polymers such as polyaniline. Lithium intercalation anodes employing graphitic
carbon such as MCMB 2528 from Osaka Gas Chemical Co. are preferred.

Useful cathode active materials include, but are not limited to, transition

35  metal oxides such as spinel LiMn,Oy, layered LiMnO,, LiNiO,, LiCoO,,
LiNi,CoyO,, iron oxides or lithiated iron oxides such as LiFeO,, or vanadium
oxides such as LiV,0s, LiV¢Oy3, LiNiVOy, LiCoVOy, or the above compounds
in nonstoichiometric, disordered, amorphous, or overlithiated or underlithiated
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mesocar bon m crobeads. For exanple, a preferred |[ithiumbattery el ectrode
of the 20 invention can be fabricated by dispersing or dissolving iononer

of the inyahbd/xa4d N @ m xture of propyl ene carbonate and c;pdmmgvbmone
foll owed by addition of particles of electrode active nateri and car bon

bl ack, fol | dwmds Gychiaphaying metalic vaganciesyRxygen vagpaes o lerty eEFr theg.
Preferably, AR6e e&lﬁp&ﬁﬁ§a§ éalfwﬁm Small @xﬁbﬁxﬁﬁlef@ther dmalmdnm@eem;ﬂetand fed to

an extruder wherein they 05.m hornpge gP_I 3and
extruded i ntsgtiang suchyas ﬁg Zk%(%nwt%r éf’ 5:fec’{q!r%od c’oérr(i)ri se

el ectrode acMh%; erw,tserﬂméqmpmddmhlaveoluhs%fm dngan«dlswlﬂdes,@nmml of the
inventio Ruef 1 Qs el ectrode
active rrgt erﬁugtlr“%isg Seflg #@h&gﬁ%gaﬁd@tlﬂ%\gbgﬁgﬁﬂ & of carbon
bl ack to el qnxﬂyaynﬂm%mdlltseienu@téfes,anolym’n@éﬁt desivativesopolyprraphgnglene \pst

preferably t&% golgﬁﬁdﬁ?ieﬁ’é ddrRRAVES ome@beﬁdly@e@ @thx%ﬁeﬁ@ﬁﬁf igfl is
bet ween O. I ght tio.of car. bl &ﬁ Ecttr ode
active mat etihP abov@%m%@% Iﬁ“’&%e élﬁﬂoét ¢ pctivepalerp egg?‘rl 86@“&? PP A& be cast

from sol ut ibomo 10U BicRory ip&albhed mmﬁsitlolsu?m asides gichss LiiVias @4, LiiNeD3, | pol ymer
carrier ur 0 | i | musing
t echni quﬁg V\kﬁo %ﬁ’fﬂi ¢?u§ 5'&@}8}‘ %“S?eé’%’ grggonfdﬁié d%%?%%%od{med can

t hen be i ncoblpek, afreftrdbhy Suger Marbonllzi‘c}@r avaglnlle tiroot the AYIVAYL Scd| Carbern.uct ure by

I b fil
 noi vi cual | yorrik bl C fe g@?@?@?%%ﬂ%eﬁ%%ﬁ?{%e"*éf@%”é‘.yﬁ%g%g zq:‘ﬁ‘?‘f ety of

t echni ques  kfrastioniaf theléthivan inpogsr wgba fnphed elegitndg ashetwest ¢ °as i mbi bi ng

by i mmersion intotge §1@$tkﬁde%t&rm@é§ﬁféﬁlﬂﬁ® dodvé&iéntB e Mafeysdispnslen or
controll ed condi tions, ]émrred batter soI vent s fg {or m gﬁ?conduct ive
conposi t 1onsdigpalwionef gl FHCCYRAGPHRE LY p COTIGSQEERE 21 §on suitable

for usage i nidgethbi w&hlﬁl&télemods actncelpadeclﬂlth@ba&borabiad{ patitlesuFals such as the
[inear and S oyl oL RONALRRo AN ol BSR;, AT B8 Syneklth by des.

sul fones, suf? frareray! m xtures of
cyclic carbordt wﬂmleIforlmodezsrtbsp@fﬂrtcd&bectred@wtle’ﬁmaﬁ@lﬁbtﬁrﬁ@@ml{ﬁdopyI ene

car bonat e, }'hte%cﬁfb% cﬁﬁ;@g&dse For &zﬂﬂﬁl@ "hepr(%ﬁfr@@ ﬂﬁﬁ@m baﬂ&@nﬂ’ec%ﬂé/ bPihact one,

fluoro or chloro-substit cycl1.c carbonate car bonat es such
as di met®y| swepinmgaa becfamq%ﬂd by HsnsFaRgor $SﬁfV Honela‘Flb%ﬁ%? InveRtiony py |

net hyl car bogpg fixtiRI Ik @i@)ébrb@)ﬁﬁtb andtglopenthnbhd) dslivvesddbycadditian of

cthyl ene caPHOiEf a‘ﬁ%‘i&@ sEfite BB S Bn S E Rlo B oV SRR ¢

| i near car boadil@n sunbbtras antl étyingl Rrefetablyathe canmbmnteofﬂ;hb elestrpge argar bonat e.
Most preferr t yl ene carbonate
ey ght 1 afad t§%°tﬁ%ﬂf§@t§°iﬂs%wéﬁ@%ﬁ*‘@%ﬁﬁ”’éﬁ?&“£§?‘8§nat e to

pr opyl en@5 cahbmnawousrmels@n@@m&ﬁdsntearﬁ Bptional ly be conbined with

addi tional nobi | em@'résﬁltaxﬁweﬁéd 818&rddk il uamgﬂéetaeduoBEacmte mhtefi}{ y where

ﬁ BEZB L%Eggn@%%i%;aqeéq @@g;mg ?orl{opnae} 89 the llr?v%}l ion, wvﬂere pre ¥faby, HeOUPS:
weight ratio of ionomer to electrode active material is between 0.05 and 0.8 and
the weight ratio of carbon black to electrode active material is between 0.01 and

30  0.2. Most preferably the weight ratio of ionomer to electrode active material is
between 0.1 and 0.25 and the weight ratio of carbon black to electrode active
material is between 0.02 and 0.1. This electrode can then be cast from solution
onto a suitable support such as a glass plate, inert polymer carrier web, or current
collector metal foil, and formed into a film using techniques well-known in the

35 art. The electrode film thus produced can then be incorporated into a multi-layer
electrochemical cell structure by lamination.

Battery solvents may be added to the battery component films individually
or added to the battery laminated cells using a variety of techniques known in the
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where Rf CF3, CF2CF3, or other perfluorinated el ectron-w thdraw ng groups,
20 Li N(SOZRl)(SOZRZ) where R and R2=CF3, CF2CF3, or other el ectron-

Wi t hdr awl g and Rl is not necessarily the sane as R2>5T/U599/o4574
L|C(802R3)(802R4£Ma802R5) where R3, R4, and R5=CF3 % ‘5%’8

el ect ron- wi tacughangnibighy IHETRon Y a SARLER OLFXPOSHE T 8U¥ é’???rfl the sane
and m xtur ﬁﬁxd@xf cdotnk}%n,tl)lé@ BYRlitSeHst ?rerfaﬁ%f Iettegdscivantd foPFming ¢onaGHRCH2 CF3) 2.
25 In a preferred e of the batter i on,

batt ery 1 o dogmaREIONT BNGRLIOBPALY COSPER Jnf prep Al R bt Be Rt 5

| ami nating tpggd dithiunnbdtiekios fnohude dipelampridic 1t§latd$<§§@1 aSth@ ligegs apdt or

t t |
g?,rrESSIpr: gpsctygflga%r 9;9%% O?rgrs lkg%ﬁé’é M‘mter ?gtfggﬁeép%%@%hegaséggﬁgﬁ@g%ﬁgg0;(3:1(3: y

car bonat es astbersi Reefieress! solnentsaire mé?itﬁlieﬁf’ﬁ?@ igfcarhpgnaieho ladtenes A%t e and

pr opyl ene Caétpﬁ@ﬁé Earb&iafy pFapylend rcﬁ"b@ﬁa[t@daut}}léheacaﬂmﬁﬁtep,r\eﬁﬁem@@rmmm| ment of
the battery o resenp

vent i n |V|dual f||
consi sting ofamipa-Ry (H%la"t%‘b TOPr © 8 Sg%t“ﬁ ﬁ‘gc g catbg ounotﬁél%endl vidual | y
in a melt stairborbd saett ﬁsuﬁﬁiéthym&ﬂbéndténdi@hyhcamonge dlpmpgehaimml@'@,f rom90 to
130C. These indi vi rs e erred battery
sol vent sl%uc Rg]smﬁngW m@ﬁﬁ}i 92%1 gag%%#\eg%&gg%{)}% a%’l'c'_f H{Og(%e carbonat e
are | ani nat eshbistigeddereat carbmnatnSbE/SlD@la}leEﬁiflege@\Neéwx%e tet hydensi r e

addi t | onal c&@@}%}%&%ﬁge&gé@aﬂﬁmosu&f@dc@&fe'\m BiiéaP Sarbdiiutdd0

99/ 45048 P Sirable to in orate into the
el ectrode coﬂp‘b@ﬁldmhvléﬁrbloﬁ@elam/@h?thﬂrfn%i i qartsmate- E@?%ﬁgﬂiﬁf@%m vents for

such  pur pos e frck BPEMYIGAA chibBnabivitliphyytinelcambonamo neighs rtine 0ebm or
prowdln roved rt| Ie fabricated

;
t her ef ro %—5855‘? §$§ g?‘iﬁ!’yﬁeﬁ? 8?&?‘?"&1&)6/{58%1?’66% ‘erial is 5 PVF2
honmopol yner, whi ciTheR\sobenisranvpiivmtle be sompingd withdiddgiminel mgbildwaltpol ymer

0 e, 22T S YL Al ISP D (PR 6 Sk orice, fgpmeld or el t

conmpoundi ng 1 rcofrpdnent’s_du sﬁ% or ext rusion,
as herei nabpméludaaatcd bledrorEWAMhlawglg groups AN & LA stise L1 On

Cr2= CF&FZCF C@%@pg&gﬁgrﬂumﬁ{am&ﬁoﬁ%dﬁﬁ&ﬁﬂn@gﬁnﬁﬁ DesMart eau
(U S. 5,463, 995" and on University,

t hesi
Cl emson)2 anélleést&l\) ZB&)Wé‘eﬁ'et%l 1“}41?1? X ﬂ&% ré’f}?efffe °%n aqueous
sol ution W t kyithdffudhy gtcRps aff Rl hstxlimmecdssaﬂﬂpmeckematas iRdom 15 t enperature.

AL P S WSS LS ot JLR IR, EFk, bn i ol ) 1
aut ocl ave. Thkictresswthdisviog geags aItd/RB:,eRApa@sE% m@dio@ OCCP@@ﬂbsihe ﬁiﬂm 88¢n and
e TS R e g o gt e (20,09,
A sol uti @b of In a preferred embodiment of e battery of the present invention, a battery
is formed from one or more electrochemical cells formed by laminating together
in film form the anode, cathode, and separator compositions of the present
invention, all of which have been rigorously dried prior to addition of a liquid
selected from the group of organic carbonates and mixtures thereof, a mixture of
30 ethylene carbonate and propylene carbonate being most preferred.
In a more preferred embodiment of the battery of the present invention, the
individual film layers consisting of an anode, separator, and cathode are
compounded individually in a melt state and extruded into film form using
temperatures from 90 to 130°C. These individual layers already containing the
35  preferred battery solvents such as mixtures of ethylene carbonate and propylene
carbonate are laminated together to form battery cells which do not require

additional post-treatment such as drying or extraction steps.
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20 potassium persulfate (0.08 g in 20 nL water) is added over a 10 m nute
interval. After about 8 hours, the remaining pressure is vented and the

aqueous sQdlbd/fHg4d S evapor at ed to dryness giving a copol ymper gonses7ai ng
CH2CF2 and CF2CF( OCF2CFK( CF3 OCF2CF2SO2NLi 302%:6& units as a white solid
identified by |tIsmfaybmdf=sn@b mlry@&qr@tamtoz@ f9Se eomPafiRoR ol gy |

fluoride CF%Q QEQ, 46%6%% g}lrgﬁfé’x%&%%@or archparmdes asmpesdng thed by

Desl\/arteau converted to hi de salt
CF2Cl CFQI obmdin gz‘%@f“%‘f S"ﬁwﬁ%%@%"% Sscribed by

Waddel | et %harthdle Ebeieatee therefont). Gne Battlemlarl;z's p&fmmdga)n@hmg'@)ml ¥r eat ment

of this co W th.zinc C affords the
ol efi ni c”’net'h h%%orlr%rper 8%%%&%&@%&%@ %@gggd% s O‘Ilf g%ZCF% 2. This
nmonomer ( 35.@lyner iftodbe Wn@solutmnmnmhlﬁﬂhééleﬁﬁp‘i"e’ébﬁ% P“i‘%d THEr'yed to a |

-liter vertig cﬁ*}ﬁ)&qhﬁﬁv&h TompYRaReHurint Ghsesk extitkion, 4 essur ed
to 100 psi ?Ao%&&gﬂ%% ed, 35 E(zzrool gd to aborﬁgt 51C and evacuat ed.

Vi nyl i dene fhemsna GE@T e , 0.78 nol) is added, and the stirred (750 rpm
contents are heated to 60'C. A sol UEKAMRIEES pot assi um persulfate (0.08 g in
20 nL water) is added over a 10 m ﬁtheﬁval After about 8 hours, the
remai ni pressure is vented and t solution is 16 WO 99/ 45048

PCT/ US99/ 04574  eTlapaulfanimide CFer§ROEE, GF (GO sOpSiGoIS@efelt s ni ng CH2CF2

and CF2CF( OcE %': 4 %:e?és%e%%@&%éaﬁ (532558 8bs (o5 aiPXae m pe solid

identified uori ne co ynmer of VF2 and
PSEPVE was suyxnsméléi9§bdllqnmldmﬁqsﬁb Qlﬁ@sor!f)omddﬁm@%ﬁé@ it i‘%ﬂ §lbf PSEPVE

liquid was Sl?fﬁﬁﬂﬁg%é JheBQURAH DS §b@tﬂval@b‘t df@llﬁfﬁhﬂﬂh?tﬁ'owdéht woap! ution of
35 g of ammo

rflyorooctanoate in 6 f dis d water using a
M cr of | uiXi c@mppmurenﬁéﬁebwaﬁpﬁf%ﬁhe WHE gl?%}frqé’l itéé ﬁ@h diluted to 1
liter total gob me)\ﬂhtSUOﬁﬂdﬂfﬂeloﬂﬁéd diatet isl dhergedad erl Jlitdhertsead pémst on 10 so

caui pped v 0GR cHeR SRR Sute S0 B AR b AEATOE

distilled wamied to'ﬂbeuﬁfé@&ﬁldwvaﬂ@teévébuﬂ!@ﬁe flupdde (30dss O 18 maDds 0 psig

with vinylidgpga ot0 @fssurlzedto
300 ps| g Wi t% Vi hy i ene ?‘%qgglﬂgﬁj %%ntsta{}@ﬁeéi@difo%b L« 2088 Patidt

at 2 | ution of
aqueous bt apetrssnpersuifsa(®0g o 1‘6% miSW qeﬁgé“’ard’dg(bmb‘&%? infe rBOlm n

period. ReaCh@kr wcﬁx%swlbersvm réiﬁzhﬁinglpi‘@éuraﬁs veaﬁai 8l theiaduebu@@utiprois  VF2 had
been fed after init

at or ad Ag}t at i otn VA~ SER Encfj and the reactor
was cool ed aRYFPOEHFAR dryfifss g‘é{%ﬁ‘ioﬁ@ YR8 ¢H2% nio was frozen and
t hawed to co@@gCE(mEW(QFQMZQEﬁSOENWﬁth mm&sthtahwlmtﬁﬁ@hNJyd@ﬁlﬁedl oth and
washed with \g/a L ub B8R ﬁwﬁgL}yec{rﬂmr enove surfactant. After air drying,
25 EXAMPLE 2
The sulfony] fluoride CF,CICFCIOCF,CF(CF3)OCF,CF,SO,F, prepared
as described by DesMarteau, U.S. 5,463,005 (1995) is converted to the lithium
methide salt CF,CICFCIOCF,CF(CF3)OCF,;CF,S0,C(Li)(SO,CF3); by the
procedure described by Waddell et al. in Example 4 of U.S. Patent 5,514,493
30  (1996). Treatment of this compound with zinc dust in acetic anhydride at
80-90°C affords the olefinic methide monomer
CF,=CFOCF,CF(CF3)OCF,CF,S0,C(Li)(SO2CF3);. This monomer (35.6 g,
0.05 mole) in 500 ml of deionized water is charged to a 1-liter vertical stirred
autoclave. The vessel is closed, twice pressured to 100 psi nitrogen and vented,
35  cooled to about 5°C and evacuated. Vinylidene fluoride (50.0 g, 0.78 mol) is
added, and the stirred (750 rpm) contents are heated to 60°C. A solution of
potassium persulfate (0.08 g in 20 mL water) is added over a 10 minute interval.
After about 8 hours, the remaining pressure is vented and the aqueous solution is

16



20 polynmer crunb was dried in a nitrogen-purged vacuum oven at 100 C for 24
hr to give 364 g of product. 19F NMR data (acetone): +45.2 (s,), -78.0to
-80.0 ( 99/45943: 0 to -95 (nis), -108 to -116 (series of prT/UsIP@sUtO
-127.5 (mM's), -143.0 (bd s), consistent with nmol % PSEPVE = 9.5% TGA

(10/ ni n, N2pvapuvatediogdryness gbsngimconodymae. coppmip@ bRy andraxi num of br oad

mel ting trapgi H tﬂq@%C P8 i) (STHEF B9 GhitsaskORhitd sdlidask was

char ged V\ntk@lﬁg?:@gﬁ%cr:l e3%(())é623 % Oétgﬁlm 31%2 di met hoxyet hane (10 nL).
Sodi um hydr iidpatifigd by gts fluogneNMR FReHMD- added in  portions. The mixture was
stirred at roomtenperature for caEXAMPLE ntil gas evolution was
conplete, 5 g of the VF2/P i 8@ 4.73 mequiv.
of SO2F, °was sus&ﬁ%&@ﬂﬁﬂ@%ﬁ@fg}gﬁlﬁﬁ%?{g&)tg_gdgg(?g%&?n one portion
Wi th the abdukowimkonahod. rijOe efifSEP\Eoliguidoras syspendqddn @aucans $T8HSieon ed f or
18 hr at which ti K3l AN iIEm HREWREbREMBAkIIRLDY ndonpl et e
conver si on ﬁ%@é’@&é%&%&‘ﬁ%@z %%)2 groués:?—Q?S.O 0 -82.0 (

distinctly ofidistidledwateriupiagadicrefluidicying. &lﬁﬁoﬂ&@@?-06§1? SUSHSIHPT WS 95 6 wi t h
mej or int e“%’g&ydﬁﬁe&{ongh@} 1l voR@ad/witHadditiond] disdRed watedl TREsBpémstorhi ned a=
16.868), -109 to -113

(m agnd "defect" VEZ neagks. . . -117. 3,
CF2SCe- 18t -spfformed Wanghargsd to 3 DIEOESA gyrged %ége‘t “-Z%‘%r ag“g‘)‘g“l%eaeg‘g‘pf‘l‘é43) ,
-145.8 (M agitH a Qdethaniddlbgignat hlong wéth ancwdditionalnt500inlh oBdistilhesi water.
Na- di cyano hi de form of funct P :
PCT/ US99/ 0457 T3¢ ‘P%Sa%vﬁf%aﬁeﬁ}&em’?éess\%%a??g?t%&%& %@‘?gﬂé{fg‘?’ gg'?\,e (50 i)
and filt er edhtee timesyihde heSed’® a)°Ceprepiunikedsiel 309 psfer with V@ﬁ{\;@%e fﬁ-for#dési dual
sol vent at hj NVR 1ufi NaRinl peraflfeds @.6%f h one
di met hoxyet Eéé%%g\r%%ggﬂ?%d/?gf’yner,l}l(blgﬁﬁ(?%%g%ﬁj% ion. ﬁbSr Solgi S)rrai ons were
exchangdd f 030 mL) wiagasldegpyen p RN PRECY- RESH REFSSHF SRERAUMRIH 0 g sanpl e
of the sodi ug sk Fh@I 220 oPREDhadBRYn fedbafti Sritadeatidition. 1¢itationwedser
containing 4.5

g Li and stirred, for I hr,

decant ed, th%ﬂpﬁeéﬁingél&deeﬁt?%w%%’to}?grangd’ﬁ%t(?fljs¥E?e6%]l§ gg u@%@%ﬁ{\ﬁgr nodi fi ed
by additi onwa$ frominhamd thaviedGo vbigularé therprddichwhichivensfidisrasihemghdyleecant ed
and 10 repl aced w.t r g t st ur e was
stiffed and &f)ﬁﬂ afngrvg%.ﬁ&?'%e{ﬁ?gﬁq g%ﬁgd&ggﬁgﬁoﬁstu#a%?f ??I?e%(;ﬂ% n>rg unti |
chl ori de20 onpélpmeh srumel asdred ulidogesPBEedwacEEnoyen Hd0 éﬂﬁ’§§ﬁihﬁi was air
dried, t hend@%’é’% 5Pk 6Pbloductd SFENMIS iR (Adetdiener4 52 (), €780 masbonat e (0. 44

I S50

ghs [5)e rrg?l)n i ('sh I‘S\&gﬁg’t Békg’l'siﬁi &f Tq( "jtl gk%‘?%éf r%ng%n({) ?on{}gzjgﬁfsﬂ M\;\qg{oer was nho
| onger evi de(dd d)/conbigtedli ®ith kol SEPWVE +6sith 1 TGS (5@Vmth, N@é{_sn@wei@ét ed by
provi de 4.0 oot PC R A iR Bl KR TR 61 gned
to CN st2%t ctR3 Iig); R 8% C.consi stent with one ethyl ene carbonate
ol ecul e/ pol yImer - o 100 mL flask was charged with malonontrile (0.63 g, 9.5 mmol) and
dimethoxyethane (10 mL). Sodium hydride (0.228 g, 9.5 mmol) was added in
portions. The mixture was stirred at room temperature for ca. 15 min until gas
evolution was complete. 5 g of the VF2/PSEPVE copolymer, corresponding to
30  4.73 mequiv. of SO2F, was suspended in dimethoxyethane (50 mL), treated in one
portion with the above malononitrile anion solution. The mixture was stirred for
18 hr at which time 19F NMR spectral analysis showed essentially complete
conversion of SO2F groups to SO2C(CN)2 groups: -78.0 to -82.0 (m, distinctly
different lineshape vs. SO3 form, a= 7.00), -92.0 to -96.6 with major intensity
35  singlet at -92.7, minor at -93.1 and -96.6 (combined a= 16.868), -109 to -113
(m) and “defect” VF2 peaks at -115.0 and -117.3, CF2802- at -117.9 (combined
a= 5.206), -123 to -128 (bd m, a= 1.543), -145.8 (m, a= 1.011). Integration is
consistent with 9.8 mol% Na-dicyanomethide form of functional comonomer.
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20 bound Li ion. ICP showed that exchange of Li for Na was essentially
conplete. DSC. peak nelting tenperature = 160.6" (15.8 J/g). EXAMPLE 4 In
the preseRjo6yagpl € a small nolecule reaction is presentedcarsvosnal og
to the formation of a cyano-substituted nethide iononer. A mxture of 25
di met hoxyet MaaeeacB6n miyiurenoastidatas witudeyrielusng €9npl) mdfakisredtonrovidey 4. 75
niniol), and sodjym; | OBict Boreil 8 reSidRal ¥BRkent 1 vaeatad IHINOMRy with a
sol ution of gn@%ﬁgm‘@??‘f#éﬂ%& 314 g, 3??7%} mmlh%?l n |ni$#h?>é¥e'gbhan§, (4 nb).
Tenper at ur e (acstanezibg avas in arcprd With ARG GEITRIXIRTARC 1§ E.cu LT was
stirred for od8mon, filtered through glass fiber paper, and evaporated to
provide 1.63 g of 30 vell ow solid. 3 . | 1ized by
di ssolutPon in a Mﬁﬁns WF ?ﬁ?ba?ﬁegwgﬁtgﬁ{‘}gg%gh?ﬁggﬁé{l@ﬁgwgﬁg di et hyl
ether to forgalied A M0y sanplaafthe sabiwdonn of 18 Topeltmes Wersusaerdsdan f or d
0.59 g of salid.. [ R i 249 611 fr. angk ZL8Susa8yek vassi gned to
Ygoisap, plter BhERTR ﬁ%ﬁ,ﬁggénd st 80. 93 A ousy

CN stretchi [ in a--27.3).. -113.6 (in,
a7--17.6), -dbeantdd, them replacqd witiggnotheraguepus LaCl soputi é‘.%lﬁe,r m%‘i%ﬁ‘é% i stent

wi th CFICR2CRARRASFRIAGLPHD mEXWRLES il fetdiepinke santicenaphd, VF2/ PSEPVE
e

copolynmer is converted to ithiu 1 gya thide derivative. A 300 nL

flask wd€ clraplgesd with anothenAgpenys £ Wﬁ%w{g@é pauxe W%%%%Eﬁéﬁ copol yner

(5.00 g, 4. 73th®HUThe sofill wasRiashahwithl distitledwygtet hattleh{or3ig iot jn thei t hi um

hydri de (0.07 . 9. ui.v d ] Shkrred while

mal onon ¢ 1 15Tegtgpytynet e lechEPTRCRESollal AF ik chfuabifopidity

di met hoxyet hrive yshgnthjuend IEthiieRe (DhBBIYE)4bpScnmotn digselved dhtoleede with 5

that descri b(%cl%i;wg@‘&{ﬁ@ % ?rle%Bg?l r%P&isﬁ)tnqﬁttol%ﬁebaﬁ@ﬂ@ﬁl@étﬁ)nmverSi on of
U

SQ2F groups. sanpl e was owed 1o settl d the supernatant
r enoved. 15Dy yeontiohedswril wete wwom%eaaﬂéaltéﬁﬁletﬁ%ﬁgﬁﬂ- iﬂ%ﬁﬁ%‘ﬁ‘d‘&ﬁ T"i ed by
f}'trgti Oln,- dﬁgﬁ}i\lﬁb{ﬁ@% fl@siciudldessitroge, thtﬁ(iﬁcﬁdilbgla higtcwenumflinerfoed 5&154 g
of red solid, : - d6); di et ho at  3.45;an
3. 25, VF2 si B PVids 183Y 301G AR ¢ft i) SUBhOERRFLERS T petiftnd
tenperature  d¥3tratck: (14.5 J/g). EXAMPLE 6 1.0 gramof the lithiumform
pol ynmer of Exanpl s._m &b ate (PC,
B i RSt Vo, ShAER it RORRRLRE

E.M Industries, pur ) i H a
ni t r oger2(ur awhd\adom miGP sheptkthaiexghangs ob bk far g Wasessqdialy qeuplets ed gel

Carver Fyar anty e o LA 120 08 the gl ove box 10 glve & 4.0
ml| thick clear pink film A 1.0 b?——i@é—éﬁ# section of this filmwas cut
with a razor andppgspribadxinple, & shallmobmul regutionds presahiat asantapalogl | .
'onie cond uc%ol the tfa/rmvg%%n of a cyano-substituted methide ionomer. A mixture of
25  dimethoxyethane (30 mL), nonafluorobutane sulfonyl fluoride (1.43 g,
4.75 mmol), and sodium hydride (0.228 g, 9.5 mmol) was treated slowly with a
solution of malononitrile (0.314 g, 4.75 mmol) in dimethoxyethane (4 mL).
Temperature increased to 35°C with evolution of gas. The mixture was stirred for
18 hr., filtered through glass fiber paper, and evaporated to provide 1.63 g of
30  yellow solid. Crude product was recrystallized by dissolution in a minimal
volume of tetrahydrofuran and adding diethyl ether to form solid. Mixture was
cooled at ~25° and filtered to afford 0.59 g of solid. IR: intense bands at -
2219 cm-! and 2195 cm-! assigned to CN stretching bands. 19F NMR (THF-d8):
-80.93 (m, a=27.3), -113.6 (m, a=17.6), -120.7 (m, a=18.8), -125.8 (m, a=18.7),
35  consistent with CF3CF,CF,CF,S0,C(CN),Na.
EXAMPLE 5
In the present example, VF2/PSEPVE copolymer is converted to the
lithium dicyanomethide derivative. A 300 mL flask was charged with
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20 determ ned according to the nmethod of Doyle et al, W98/ 20573. The
conducti vity of the fil munder anbient conditions was equal to 7.75x10-4

S/cm Moﬁanpl e of this menbrane was |rmersed |nto paTRISOOSSTOT a
1:1 by voI ume m xture of ethylene carbonate %‘E | ndustries,
Sel ect i pur) VEidPSERVIR@opelysen(500 2 del 3(reeuiv.pf| 2Fhé‘&f§@1ﬂi XyehARG ¢ | pur) for

30 mi nutes "H od Z‘Eﬁgﬁﬁi'%@% 875 £19.5 hRq8 wak aldddsandeld @iktuteheasmenbr ane
sanpl e was renove bl ot % &g i ts. wei g&% nd i ICICOI’]dUCtI vity
wer e rreasurétlrreqw@lfv‘mqun é‘ﬁ ﬁg rpaeD 5 2deg Sassto ’t‘i’é‘ And el astic
when fully |dqmbtlaggymgﬂa staAIy)eﬂ?F NMR(DMSQHd6pkpectdunt Was identmalveith766% and
the ioni¢c co 0-

nenbr ane(§ ﬂ‘?t;éﬁ\%‘?r\%{’gé){? }r%/a%né]ﬁ é égvsag coés(fﬁé%%gﬂﬁ&ngliétgtc?g&r??% ﬁf I%élgtéw (E.M

I ndustries) groupk: 1 by volune EC/GBL for 30 mnutes. At the end of this
pert od, the MeMbige SARR! G RSWEFIPLAL AAthOLGehfthndtemad. Drp wei ght and

i oni ¢ conducti vi té wer e measur e 6‘3}%8%3 ﬂ | i tti{ t ot wei ght

as a result toluenhd 00wk hverpdded peshthg selid yas Oy \Jilrgtiop, Remoyy 0 3 S/cm

i 5 tEXAl\/tPL _E|S sidéal Isglvgmeﬁpﬁgﬁgkﬂ@%m dttrdédbl5avd ofyed eolik n‘tH?NMRe) enpl oyed.
cetonitrile a rom Ci r was

ref uxedoove(pm*géffga 51m%{ oyygthepe Tﬁn tce,*’o%? %%ff gg"ﬁ@dzeg'g%al%%%g ?ﬁo7gen; it was

stored over afiﬂtz.&ﬁi2@8.4DBC1Q)eHD1ﬁBingﬁaﬁﬁerE’lﬁﬂ'd £$69804514.5 Jr‘g)l ecul ar sieves

and used only in a dry box. Potassiy, de was purchased from Al drich
Chem cal Conpany; nelted in a Pt di MeLL & torch and placed, inmmediately

in the chamber ofl OIgeamipﬁthbd&hlu@lrfgunwoh/ﬁ@r;@fEK@HPlle}a”eW%sdfltXéfl Witlsi de the dry
box. CF3SOZW§’g é?ﬁ'sr&f{}ﬁé e’ @PBoh&e PGEE|MGInﬁE§@ﬁés| S8ldetifdr P@PDhot PI&E 5

subllrredtvvlc orr whil usm il th.,te {ature of 60C and
a waterl cooﬂtéé?océ@lﬁwﬁ’éltog%l’ﬁgﬁ G epcuusy pr?\ﬁﬁé SD' @ﬁ FPI5M B i ch (<
10 microns, x%ag%@re&mbdaqtmg@amsmewpm@d adQordiwith 3 kibs pmssiae dsipg acedures
PSEPVE t a

(r00m Tt vidver BydmmiGORRAMdE LI e EREE 4Ry 8ok PpivE P>

Port | and, 10th§akagmm pvnﬂsﬁluon&tdr&ladl 6om%asmm@¢zym§mlwsmt w&h@dazsy t he
reaction wi tg}a é‘g@&{?@k&‘&n&?f&ﬁt@hﬂ o T PRI 1GHE Adhbghityowbde

t eachi ngs of uor1 ne CAF9l ,

993). 93-100
avai | abl20 f r determgdned mgrdllégamb? method f Dexb%eb@ioa%@éﬂﬁ ’é‘et 0 the) t eachi ngs

of Hu and Deéd\@ﬁ&t@ﬁ’d’ of(th® 118 ufdte Anbicat éd{ﬁﬁt&)nsm?:quél% EXAMR-ESIen248. 0 ¢
(0.556 nol) of distilled PS PV wer e .cool ed it dglﬁh)?iq nice a}h Under
€

a nitrogen at nosphefeon e Qffhis gaembypy e‘ﬁ?szl%?rée Grspw ggl with an
addi tion funpgkoluermixtge ot aﬁyleﬁe Earhonaﬁ](@CbEaMgmdust‘rles, Sstectigard 9sd br oni ne

persisted f Or SOaIEutyrol-!:th%ne ?@ﬁt,‘ l@.ﬂ/[.%&sﬁge%, g@éct%?)%fhm%téso& rgamOf a 5%
25 temperature. At the end of this period, the membrane sample was removed and
blotted dry and its weight and ionic conductivity were measured. The film was
highly swollen but still strong and elastic when fully imbibed with solvent.
Weight uptake of the film was 766% and the ionic conductivity was
1.67x10-3 S/cm.
30 A third sample of this membrane was immersed into an excess ofa 1.0 M
solution of LiPF6 (E.M. Industries) in 1:1 by volume EC/GBL for 30 minutes. At
the end of this period, the membrane sample was removed and blotted dry and its
weight and ionic conductivity were measured. The film had gained little total

weight as a result of the imbibing period and its conductivity was 3.14x10-3 S/cm.
35 EXAMPLES 7-16
In these examples, the following reagents were employed. Acetonitrile,
purchased from EM Science (Gibbstown, New Jersey) was refluxed over P05 for
at least 12 h, collected under dry nitrogen; it was stored over activated 4 A
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20 NaHS®3 sol ution. The product turned mlky. After washing with 100 m
water tw ce, the clear product was dried with Na2SO4 over night. The

dryi ng reg@s8dss0¥@s renoved by filtration through a gl ass fpdriiusdnes74

colorless, clear liquid was distilled at 40-45 C at .10-3 Tory. 1.5 g of
P205 wer e addadcwardsi¢vee andnysd wnly inrdts barenPotassiwn Saridewatmwahased | | ati on at
40-45 C at g)é) ﬁA}%ézP ché 'cgl &@Recmamrtﬁsmmawryh bekplatdd ed with
nitrogen, 1 NH2 obt al ng qm TC. lne (tﬁort | and,

Oregon) wer enm%@iymtf& b?ﬂ Of B 993 $r8HP %?ﬁﬂe&nsé yar ous
acetoni tril eirwpbR. a¥d s@ Nab | puvetdsdayfr @A I@:Igma@@.a’ortmu)regon)awhydr ous KF.

69.43 g (114. dr

her ei nabdve Sﬁggg‘f%ﬁ%ﬁ i(g?gagle 116%18&: eacﬁgaolﬁﬁnﬁr%:a&%g 0%2@5‘?‘?? 28 and
sl owl y heat edattrocavbelisublimatied fiogerf Zn dusd was pwiehased dtom Odfriahxt ur e was
filtered hﬁ’ﬂ% V&% r&a9§ %§ %Adt £hivhds Wid Iﬁ@lﬁac@éﬂﬂu@c’% stafdrd \pPdRHless Wer e

renoved and

e was dried
provide 70.9 g OfPS@I?%El‘K?tSSY@BeWéaﬁ%}rémggq)ﬂwégacg}rggg%ée% Lﬂsq(g)évacuumto

anhydr ous )
ond the i D'\ﬁ9957 ). @bwals §ib@Bed k) v AN -TIOMYAL avitiable SbdeTCT d’oﬁ'ﬂl)mdtl ltrate

filteredO andogqg@f\ll\géé?’é’lﬂ‘g o &@éﬁﬁ%z%%g;ﬁg%lﬁq a?'at%ugeaﬁ*lo ltglnﬁ;gigu\gas
g’r\/)lj- b(Z)S \é\ﬁd%ﬂ&ﬁ% o“Bfé'eﬁh \?Mj(?f@l&%@?mcbﬂda\;ﬂdowhstemlm@mf Qluta_?d de t hed

- r
was heat ed u]gg%? &agﬁlﬁﬁﬁ c@‘%B 6§% %H%C}%})Tﬁé J‘%@gl?aibg ﬁg%'lnnTCaIl %(Sj te flacgg of
DMVF.  19F- NVR:dnveBBBONCs Refi(l abeording tiuthe teaghings of Hu and DesMarteau
CF2= CFOCFZCFQ%%)%%@%%T@@»}SOZCFS (8F, -77.8 - -79.3 ppm 5 2F, -83.7

ppm IF, -11 ppm 21.0 ppm IF, -135.7 ppm IF,
144, 2 plfm) EXAMPLE 8 150 m  of HClﬁgéMPL%g{d 150" M of dei onized wat er
mlr ehadded E o the2490 gcw@'% ﬁ{ol)amilﬁd PSEPYBWeg ceolbd ondfC withyniigext ur e

ch was s t fresh
100 m al i qub"ltge@?éeﬂlaé?ﬁﬁ%enéfrﬂ%ﬁpﬁep?h%&@i?&q T%%mg )heF fe%c?lﬁ%ﬁ%p%%% conbi ned
anﬂ washed t ithentaddition fuirel] Meesarpemed)oﬁﬁh dlhe quevgs calbr ofgxsaisteomingt er . The
ether was ev i was

Pgrglsékgg %#]I%fﬁguﬂyh%qgwﬁt flﬂgwﬁ %?deg with R0 'oioci §9%

transferred

under wen20 t whiaBisE¥3tsokutiondThe pradaef taﬁ@ e Ley tAite V@éﬁgg Vit lql%l ‘g(gtegr Hgl
product CR2=(f @Ftﬁg%_l@g: ﬁbmt: %@E QMN{'{W dver @%WhEdﬂllﬁglreﬁﬁerg (59. 26

a1 o 2o Wi rEboved Y FoHorbrotEh o ABORI iR SRl Fero e 3Rl 7
wat er was reguiied arieds w@aurod aod. 1.hg of PsOdweramkied andtheaxbmpOGndC
underwent a second vacuum distillation at 40-45 °C at 10-3 Torr. Yield was
25 312.1g.
Inside a dry-box filled with nitrogen, 15.4g (104 mmol) of CF3SO,NH,
obtained from TCI, Inc.(Portland, Oregon) were placed in a 500 ml round bottom
flask. 200ml of anhydrous acetonitrile were added followed by 29.6 g (509.7
mmol) of anhydrous KF. 69.43 g (114.6 mmol) of the dried brominated PSEPVE
30  prepared as hereinabove described were added. The reaction mixture was stirred
and slowly heated to moderate reflux for 40 h. The reaction mixture was filtered
through a paper filter inside the dry box. All volatiles were removed and the
white residue was dried at 115°C for 12 h under vacuum to provide 70.9 g of
product.
35 The material was dissolved in 100 ml anhydrous DMF. 7.05 g
(108 mmol) of Zn-powder were added to the filtrate and the mixture was stirred
for 1 h at room temperature. The mixture was filtered and the residue was washed

with additional 25 ml of anhydrous DMF.
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20 for 24 h. Yield was 34.09 g of CF2=CFOCF2CF (CF3) OCF2CF2SC2N( Li ) SORCF3
19F-NMR in D20: (8F, -77.8 - -79.5 ppm 2F, -86.0 ppm I|F, -115.5 ppm 2F,

-117.3 ppm,obd:45048123 4 ppm IF, -137.7 ppm IF -146. 1 ppmcr/edoenisns al
analysis: N (2.45 %found, 2.41%theor 49, 43% un‘gllg 2. 31%theor ),
Li (1.15% found, Thelfbsk e drought @telﬂetmfbe Apd mpst of 2

EXAMPLE 10 %E mBy le(u%%r Jadthim. )T&freﬁé&@&mtwanﬂemmm fom@hasmsm r ound

bottom fla 125 of agéég ?EN\MEI %@&O%egtﬁ%?%dggpl) of

fused KF vvasThf‘dé%FéﬁalcPHTé“ ed at roonttenperature
for 42 h. Alas30F mmlrgy(wg@@@msazﬁﬁd)w%é&lr‘,daé8wa§9 B@amed at 80 C

for 18h.  78. ,ggéﬁla ; 102 BRI oS- 13800k 1Y 22 0ash L, Liws ol | ect ed

vol atile>fr r’eactl Xtute was warned to room
t enper at ur e ppmielt, a4 hppm) ar gon  at rmsphere al | owi ng excess amonia to
evaporate overnight. Al volatiles EKA@VIPEEQ}DVEd under vacuum The residue

was heated to 45C for 5h under vacu ue wa treated with
150 nl anhydr ous hifbmbﬂﬂﬂﬂ?@caﬁ?ﬂlﬁq gﬁt I’c‘?ﬁdo‘ﬁﬁﬁ‘ﬁerﬁéla‘é cptf’%? er inside
the dry-box, ,3RMctSR ExEmPRS, \t@;&h@@a%&%ﬁh ,@ily néiglird Whichlwak@rred farf5 lgnhydr ous
acet oni tr| I e The sol vent was . .r u u ue was
subl i medl{ 7o®ad then %’“TE}PF)S ei“éafg‘;‘?‘g%h S‘égw‘ml SIS ‘gﬁﬁgﬁlz{‘g&ﬁcﬁ S99/ 04574
| nsi de the dgthydetheBRaigng Ezére&omhnﬂlf)dmﬂmbﬂrd theeegineseitie fressHIVEL pr epar ed
as i n Exanpl i rhe e, 14.8

np glfqlioﬁslasf&@z%g%er 'Th%%ﬁxe%a?gﬁ%ﬁwéy B PERLAMd thd g

(49.5 mol) repared elnaboveg crlbdwere
added, foll ommlmygbmra@nhwastmn@r@m@zm@n(lzwnmwn pis TRED: The

\r/v:am(::ioglnedi gllu;&%o %?q[r%ﬁ%é@w&{t%vﬂ%Ho@atﬁ@ﬁtlﬂ&{ong60 Bbtalgigig) 6:’)) g%f}rgile;m?m xt \l/Jv(rj e

S n powder
was addelP t opradact Qﬁzﬁé}@ﬁzc?;}g)&égkﬂ$§2N@§@Gpg3Was stirred at room
tenperature for 45 mn. The reacti BXAMRLHEOe was heated to 60C for 15 h.
The excess Zn and r e was
removed under vacagﬁg %ﬁgﬁg Ol&/ng%n%e@?gd) hL%ﬂH}egg%t eg W t 150 g 6N HC
and the pr oddrsbolwdsmez&mhdﬁtledzwd whter. dgt. 1np‘d¥fta|Q34ﬂ§I‘bPQ_}$@01Hf1°’éW%r The
conbi ned or ggghG; | PGB %%diuﬂ&e}baclﬂﬁmmdth@@ésﬂhe“%@dnwat HgP\@Ent  was

evaporated to yié

ort ath dlStI|%ﬁ H’) of
CF2= CFOCWCF(f@%%)l@df@m QEFe6h( ﬂed by 19F “NVR 15 EXAVPLE
11 Inside a é a ?(lecﬁ:m: a1r9nmdMIUﬁ1 (8, t77.8 e-T8eSpprd izl -86.0
i1kt dda> B%

C1SCR( CF2) 4SOZCI : V\At KF (28.1 g,
484 mmol ). THEM: %Q? rrlggg Izﬂm’ ar{e%dﬁ? ’r| e NVR showed

that formati oM@l ppiag etinsentd] anallysié:INIG2.# 580 fmadclafhlﬁ/( cheorufli @9.48% h. The
reaction found, 52.31% theor.), Li (1.15% found, 1.19% theor.), S (10.83% found, 11.03%
25  theor.).
EXAMPLE 10
30.0 g (94.2 mmol) of C4FgSO,Cl were placed in a 250 ml round bottom
flask. 125 ml of anhydrous acetonitrile and 55.1 g (948 mmol) of fused KF was
added. The reaction mixture was stirred at room temperature for 42 h. All
30  volatiles were removed and the residue was heated at 80° C for 18h. 78.6 g (4.62
mol) anhydrous ammonia was added to the collected volatile fraction at -196°C.
The reaction mixture was warmed to room temperature under an inert argon
atmosphere allowing excess ammonia to evaporate overnight. All volatiles were
removed under vacuum. The residue was heated to 45°C for Sh under vacuum.
35 The residue was then treated with 150 ml anhydrous acetonitrile and
filtered through a paper filter inside the dry-box, and solid was washed with an
additional 100 ml of anhydrous acetonitrile. The solvent was removed under
vacuum and the residue was sublimed (70°C, 10-3 Torr) to yield 19.38 g.
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20 flask, maintained under inert atnosphere, was equipped with a reflux and
an addition funnel. The m xture was heated to 80C and treated with 5.81 ¢
(100 ol yw@bodsoas 4- 33 g (29.1 nmmol ) of CF3SO2NH2 di ssol veddmushbioasrof
anhydrous acetonitrile was added to the stirred suspension fromthe
addition funnel Inside the dpebood29g (64.8 nroel ef bromeing pgtacted P $HBY Eir e was

i ol hitifile,
fsl : [ ;?edan Ig)ﬁ%{;‘e?darsgglﬁ?,é%ﬁpl% 1 RhddisRlved 1250 he of easidraR aokeshitile, was

ue was washe t dr au oni,t il e. Conbi ned
filtrate wad4dafS nmapllefdhe Cv@ﬁﬁﬂ%ﬂgﬂei’ﬂﬁ %éqraBgtFovg%ﬁﬁcél%géNeﬁeat ed at
gOClg g r N&/g Qﬂd%dggf&l(ﬂwé@t%’ thé a&ﬁtlgn of 15.9F3 SN H@E f@ed KISOPhe mactoon( | |3|r: ;red
in :
log. 2 pPm (EBERAS Walrspc e é?ﬁr%% Té{%ﬁ??%zmgmﬂg% QES’[%%“ 7 ppm
(CF2CF25Q2, r60m4ﬁhperatﬁh®md filferep. (5f456g1(18)3c$rmn®1)m¢?r\70@15 addxshiedheed t o
14.95 g (28. @g&%"a‘nhﬂﬁetregf %ﬁ%&é W@%Et%@ﬁ%téﬂpd?&tﬁ%?% mEReTRE essure in

the flask on and the%ggglfb%] m Xt ure was

al | owed to mmtwnmplxme wed heates ind03¢ dorel ot%/eT RGeS 3 Wefhe excess
am(;mﬂl a wgs r§§,6g.l,-c Qg\ﬁﬁratt@nﬁﬁ&ﬁﬁ%olv?ﬁ@wﬁbﬁ‘eﬂﬁvécﬁﬁﬁdéueim dfhee;d:llmwde(r]I vac:Jumd
and heated to or t he i ssol ve
in 150 0 offe%lﬁl*ﬁ/ﬁ’%@%ate‘gﬁ’ggléﬁéfrﬁl %g}gﬂdmg |ﬂ¥et TWRP Ie Clqg(f& tﬁ?&g\er e
renoved fro otrh@hsfdﬂ 160&51%ﬂwﬂd@he aanm@evgmzl@yepwas wasigdoxiEty 400 mhcuum t o
provi de 12. oduct ed at 90C
for 12 hours? ‘ggleafoﬁllﬁ %ggéﬁé%%atwgﬁg%ﬁﬁé 22% ect ed
PSEPVE prepﬁr@ﬂz%O@FQEFé@ﬁj)@cfzﬁElz ﬁ\iﬂ‘b&%@g& s copfirmechps! oK of
anhydrous 5 R onitrile to 12.7 g (24.0 nmol) of CF3SO2N( K) SO2( CF2) 4SO2NH2

prepared as herei nabove described.__The 31ct| on was started by the
addi tionl>f 7.02 g (121 mmol) of f%M—-LE——The reaction mixture was heated

to 80C for 76h. Th@ideaQRE bbRROUINKIdfaehywkseus dckloaiteit wasraddedton paper filter
to give the

CF3SO2N( K) scﬁ{%ﬁ?ﬁé&%@% @3d =310 705pp cossiher SRRy KES-L b1 oduct

can readily 4%t setlorfilrahixdirasvas stiffedatpden TempeeimePERotine NAMBshowied t o t he

nmet hod of EXx § tion of
12.8 g (22.0 "lnj“%f‘?n ot st ||Eﬂ?’§}|‘§ér/n‘%30np P8 e 7 ! tm%?neﬁégéﬂj in 400 g

dei oni ze2D waflask, mahgained wndepineriimembriged V‘é’ﬂﬁ&‘l@@a%f%%’éb ageflqandiae react or
was charged %Hglmxﬁﬁﬁnélo TR ifRkd wa hatkdinbisdemand treaed oeth ST8Ieg sol ution  was

D ouah 0 o boso! K B S R RO HR e R b 8 o 20
was added oxgHydeousREéiomitdlt wed atddd to Tiestited shgpengior four the diditionshed to 0
O 2T N e PORRLVEES 5 TR RSBl g v
shown by25 atotal of 71h. The reaction mixture was filtered, and the residue was washed with
anhydrous acetonitrile. Combined filtrate was evaporated under vacuum and the
beige residue was heated at 90°C for 18 hr. Yield was 14.95 g of
CF3S0,N(K)SO,(CF2)4SO5F as confirmed by 19F NMR in CD3CN: 44.9 ppm
(SO2F, s, 1F), -80.6 ppm (CF3S02, s, 3F), -108.2 ppm (CF2502, s, 2F),
30 -114.2 ppm (CF2S02, s, 2F), -120.7 ppm (CF2CF2S02, s, 4F).
About 55 g of anhydrous ammonia were condensed to 14.95 g
(28.1 mmol) of CF3SO0,N(K)SO,(CF;)4SO,F so prepared. The pressure in the
flask was brought to 1 atm with argon and the reaction mixture was allowed to
warm up to room temperature over a period of 5 h. The excess ammonia was
35  allowed to escape. The beige residue was dried under vacuum and heated to 60°C
for 18 hr. Inside the dry-box, the product was dissolved in 150 ml of anhydrous
acetonitrile and filtered. All volatiles were removed from the filtrate under

22



19F NVR. DSC showed Tm = 163C (2nd heat). Elenmental analysis: H (1.96%
found, 1.49%theor.), N (1.25 %found, 1.26%theor.), F (51.04% found,
55.68% t R@9bo/dsoasS (5. 40% found, 5.78% theor.) 1H NVR (acetromassdspas7£H2 at

3.85 ppm 25 19F NMR (acet one- d6) -77.2 - 91.2 130. 0 ppm

(series of wheuum tofroBide(1R,7 & plredugt @Fa@fi?zNﬁi)ﬁﬁaE‘%%&}é%gwﬁl%wﬁ

i onomer of %@g@{%o@fogmghggrsm acet one vvas stirred for 12 h at room

tenperature and then p i.nto 0 cm dish. Th 30 was
Aoy 282 Gt S bt Bl BREETE

al l oned to evaporB$ige rch was peel ed
fromt he di ghe ameasrtﬁrmﬁmpe: ’X/\;arerehddecbnbgemelawuhd&ilml ol anhydrous00C for 12

hour s ter o { | AsprepwRd 120

m cronet V*E%ﬁﬁ% 1??@%301@?29?(:&(%@%&1@)8(%(@@5%2# 2 ovved except

the ionic cmshnmmbovaaesasb‘tﬂ \/'\H@@'@U@Ol’\’a@ SWed y the addition Of

CF2=CFOCF2CR{ ﬁ,)ngffézfpﬁ SERM( tind %ﬁ@ﬁgﬁnﬁ)&ﬁ&rﬁras&i@aﬁﬂh@8@% ﬂ)‘ﬂd6h h@hquant ity

of vinyli dene uor was 29 VF2- c d sol at ed by

| yophi I i zat |r9¢9t10mﬁ’élxﬁﬁ? Biep giteﬁgghrapgﬁb@pgﬁer ff‘e@%ﬁwe fo af fT(l)nrm d the

yield was 4Qe K)SOXTF, ) SO3N: CF,00F(Ch CFQ(D@FBr&?lFuBIm de 23 WO

99/ 45048 S AT W ?Ir()smag}?@ %ﬁphg et (2d heat) showed Tm =
16

164. 5C. 181 errsAuq tca‘hﬁéﬁ%s%de ?oun % theor.), N (1.78 %
found, 0.74%theor.), Li (O. 32%f0@§§$_M@_EY_1°Z>theor )."'H NMR (acet one-d6):

CH2 at 3.60 ppm &fj&d {1, 1 litef QutclBwhidhargedl . 2 -
-130.0 ppm(serle‘gsig‘!c:) Ji\i t6 % amec a,lnle B EXANPLE 5 1.122 g of

the i ononer with Esakwibe of 42 Mr(&@ﬂ%@@l \Qéaiellﬁm‘?é‘t}ﬁ}‘mafeg’cmﬂé‘oﬁﬁ heated to

refl ux for 1@xa{?anlébt1§a0® Q‘%leﬁ;‘ﬁiié& vaRr Ve mah@dwa@cmamﬂdemgmed ik, it was
poured i nt 0

di sh wy. A
10 cl earli IWF\R%“E:’:YZQSIC;“}S@ Xﬁ?%@oglf’iv&ﬁy el&%@u evd%p r e§lu|?lﬁga zacuum
oven at  100w§s beighido I60°T mreésmsrmmrlm hpsig;opet 6159) a@mmzzpa A 100 nL
f1ask ha Wt E of Exanpl
A et oy Y AR lv%l G207 R ol pesShitie s p QEROERE wallf Y= O TP €
The i xt ure adiled ovbreaiptrmwdod.10-12, Tﬁlhmcmms@aemmmh%?%%ﬂgﬁﬁﬁn e is added
as a sol UtIOM Apdic BE&IP@%Y%E@%B%‘(&% 6ph11$zalﬁbn MilﬂdWa%iQmQEg és filtered and

evapor at ed |"OWi n > rg)#eVlEJ) é owder i.s added to the
react i on2ti xeenodymes teeized &y 1 8mel-gr PRV b gRige ¢ %RWPE?ES 0.50 granms

of the i onomesr QMEEXBRE! Bowdd TEr=168°€gd™ hsathoBldatenfabamalysis: H (1.96%
found, 1.49% theor.), N (1.25 % found, 1.26% theor.), F (51.04% found, 55.68%
theor.), S (5.40% found, 5.78% theor.)
1H NMR (acetone-d6): CH; at 3.85 ppm

25  19F NMR (acetone-d6): -77.2 - -79.2 ppm (m), -91.2 - -130.0 ppm (series of m); -
144.6 (1F, sidechain CF).

EXAMPLE 13
0.865 g of the ionomer of Example 12 and 70 ml acetone was stirred for
12 h at room temperature and then poured into a 10 cm PFA dish. The solvent
30 was allowed to evaporate slowly to provide a copolymer film which was peeled
from the dish. The membrane was heated in a vacuum oven at 100°C for 12 hours
after which it became somewhat brittle. Film thickness was 120 micrometers.
EXAMPLE 14
The procedure of Example 12 was followed, except the ionic comonomer
35  used was 12.801 g of CF,=CFOCF,CF(CF3)OCF,CF,S0,N(Li)SO,CF3 (from
Example 9) and the quantity of vinylidene fluoride was 29 g. The VF2-copolymer
was isolated by lyophilization. The material was dried at 110°C for 22 hr to
afford the yield was 40.7 g of ionomer containing 4.7 mol-% of the lithium imide
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120C using a spatula with 0.5 grans of an iononer conprising nonomer units
of VF2 and 9.5 nol -% of the lithiumsulfonate formof PSEPVE prepared as
descri bedyigyer@p@ndi ng application serial no. 98/23244 andp@rRsgyesss of a

1:1 by volune mxture of ethylene carbonate and -b rol actone, both
reagents 25sSehfunédduy GraMR. flPSm(E %ﬁbﬁﬁ@ﬂeflggfq% Et%‘}eé& o formed was
Bﬁ?} Fdauﬂgﬁ.{ﬁxal ist HQQ%;’/& ﬁuﬂd,f%fﬁ%%@k%@f (MZ&% found,Q0T@% dreos.yMar al  hour s

nous, . ¢ r.om xt, resul t ed. , Thi ] was t hen cool ed
to forma 9@93.2‘793\86\9{‘1’ @3%’3 %?oréhg{ g@flﬁk@%@é‘}%\%%zglr%’%&? ﬁlél'_gl ass vial and
Eloﬁgiega?ieg \ABF{NMm(aaate@a-ae)oI-%Kaplt-muz ppmp(]?i)yfﬁlde-IQQ}OfﬁpHrrﬁSGwmfm)} and the

i ce e e platens of a Carver Hydraulic Unit Model

#3912 ppeheégé%@gewﬁgnd was pressed at_ 1000 Ibs ramforce. The film
that resulted was clear and unifoBXAMPLEL 4. 7 nils in thickness. Once

cool ed to room t eRREL A WGondndr ¢ FxdinBle U wereMidtBIVEd an®) Adagdiene B from
this hot pressed ???%1 vvase 8rﬁt usi ngmnbkni fe an%Qt hen tgsted #r%iigg t he four-

poi nt - pr obeheagest togelws fopd4 hamﬁh%?q}mw‘ﬁ'ﬁpﬁ QRO HRTE 00% based

g /n . mt h g4a\s/\b g,gg?@%rg% gﬁ@; arm?%isdiglomagge bbleerftiviasiallQonrd totviaporate WK’S £27x10-4
Hes ?ﬁ?cilii’ ng‘agiﬁgng tf}? Fﬁ‘.ﬂ dtéh M\gésacm:éh%éa Gh&fud §¥enSRECT MEN

was puthedc’F 1 mto serve as a battery separator
menbr ane as16@reifabe lowdelerss wasl 90 Twicfomeaters: cat hode, the fol | owi ng

lr)nca)lt eri gl S vve(rje wei tghed and handhmBEAMHUEMSO-mL glass jar inside a glove
X under a dry nitrogen atnosphere: 5 0.625 gr 2.5 9 f Kynar
Flex(r) 2801 pol WlQQﬁhLdbﬁbleqh@E&efld@,h4-?3%9&@8@1‘?%“‘1@7g0§‘§ﬁ3 (%. 0 w%
of the i 0n0@€§izggfg PBARIpR: A 4im oy AT H2) ) lithfurk h@h R, (0076, EM

I ndustries. .grams (6.5 w9, of Super, P, carbo l.ac Car bon.
10 5.5 §b an@-i@?qw@@TI@fm‘ét“I?iLs“&‘)lea&? ﬁ?ﬂa'%hi ’)Z?‘?ﬂsémé?? V&l%qulaelééé}{:ﬁér onat:a Ode
?n am; gug (r)y ]fcahd’éat é@fh@so(lﬁﬁhéin ?b@iﬂ?)@eﬂmn&.i After G brglthe migMre rsfileared asl The

or e e l: < der, d
G164 et r SR IebEp vk heapEndESEEiqAey. A plertc Mieaiieltor, | o0
Header t enpeeastion eniftbfGo@egenbatatbe plefisicdrondnd header: 0. 13 cm Rot or

speed: 192 rpm The thus nelt-conmpoprdagprneieri al was extruded through a

circular die with a 20 dianeter o ; C i
jar purded with d)r,gp gfpmpgégﬁ_ionomer of Examplenl]4 v%enrg mvyggd i(rzl%lolw e;[' Fo(lj'mlar‘g a gl ass

120°C using a spatula with 0.5 grams of an ionomer comprising monomer units of
VF2 and 9.5 mol-% of the lithium sulfonate form of PSEPVE prepared as
described in copending application serial no. 98/23244 and 2.0 grams ofal:1 by
volume mixture of ethylene carbonate and gamma-butyrolactone, both reagents
25  Selectipur grade from EM Industries). The mixture so formed was heated under
nitrogen in a sealed glass vial to 100°C for several hours until a homogenous,
clear mixture resulted.
This mixture was then cooled to form a gel. About 0.5g of the gel was
removed from the glass vial and placed between two sheets of Kapton® polymide
30  film (DuPont) and the combination placed between the platens of a Carver
Hydraulic Unit Model #3912 preheated to 105°C, and was pressed at 1000 lbs
ram force. The film that resulted was clear and uniform and 4.2-4.7 mils in
thickness.
Once cooled to room temperature, a 1.0 cm by 1.5 cm membrane sample
35  from this hot pressed film was cut using a knife and then tested using the four-
point-probe test described above. Solvent uptake was nominally 200% based on
the as-prepared composition of the film. Conductivity was 8.27x10-4 S/cm.
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A 1.0 gramquantity of the extrudate was was nelt-pressed between the
platens of the Carver press at 110C and 20 klbs ramforce inside a

ni trogen- wylsdaRgssd! ove box, followed by cooling and rel easecefuspy/essir e
thereby formng a filmof 5 m| thickness. A 12 mndianeter ci rcgl ar

speci nen was pundmeld ooy diahetepsirquiar speqinen &vas prpsbgd fropkthe gelt pressed ang

cat hode fil 55 M&n&ﬁﬁ@ﬁdmanmmdem&dexposed for 2
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i mersion in 2- 4T|‘7P|f0€ﬂ1 agathads. dhe f" gy Ptsﬂaléwsé%wwh?f%f hand:t 1jxﬁours

The so-treateq soakihasle jandsisenalont box fidanawiey sitmgeeaticsphdret o si ze 2325
coin cells with 3 layers of I ]Hﬁ%tlve

el ectrod®. The coi ﬂ'ééélglr é@%{i%ﬁ? %ﬁé}@&gb[‘g&%'v}ngﬁd%ﬁ(}ﬁ charge and
di scharge at room terrperatufxen‘bétmb@n the voltage Iimts of 4.2 V and 2.8

V. Capacity during t QFtH‘e% &ﬁ@okﬁ%ﬁl&eqat hode was 157. 2
mAh/ g, while capamti’/]ﬁf eOflrg n Il\é%sﬁ 149.7 mAh/g, giving a

reversibility of 95. 12%@@9@1@‘%’%&?01?@8 2t ?I‘P U§e was 147.1 mAh/ g
and the coin cell aqu% %f\ 5 bys] 69SEpee Peartion blAR %ol MM Caitional

ngiﬁ{ew |(2)§0Vn\gr?9{:§n%gliag}s ﬂ%%gﬁgél?amytv\é\?ate@g&l gﬁg’ hcén:b cg’%plrlog: (r:lg

2-50 nol - % of monomer units ha¥gagmaentantacione (BBL), cboﬁp‘i’dlmtmgr Orrder adi cal

represented by the formula - %%qq: QOCF2( CFR ) bSQ2X- (M) (Y)(2)c (1) 5
wherein R and R are independé Sal ect ed fromF, d or a perfluoroal kyl

group 10 havThegnﬂxturc sd Gorowd byens fed '@rfhe et ithypat afy SIMex exfrudergyodshe or nore

et her oxyge A xRusidn BndtioR werlad R1BwsM- is H+ or a unival ent netal
cation; X |;§ F R Sl&% rhemprow so that c=1 whe ds C and ¢ = 0 when X

is N 195when c =1, Y aﬁ"fﬂmzte@ﬁ’éra@%r%ctron Wi t hdr aw:i]h%S groups sel ected from
the group consisting ofﬂ&ﬂlertéﬁ}@afamésozm P(O (ORB)®C CO2R3, P(O) R32,

CCORC(OR3, and cycl o&apkqeé%%%}g%gups %a g}ad therﬁ%t wherein Rf is a
|

per fl uoroal kyl group of onal |y substituted with one or
nore ether oxygens; R3 iRotarspaédky| group of 1-6 cal®drmm.optional ly

substi tut ed ettlﬂ ggx%ltf nﬁgﬁﬁded%{?atgﬁﬁl %as%%ﬂ@é&sthroﬂéh ﬂ'&lr@tﬁlﬂ dlg"vﬁtlpa optional l'y

further subs e same or when ¢c= 0, Y

my be @9 el demetsnofif.3hamaanchyayeadispted dpp éhﬁéﬂ@éﬂ%ﬁ WHB dry hitrogen.

A 1.0 gram quantity of the extrudate was was melt-pressed between the
platens of the Carver press at 110°C and 20 klbs ram force inside a nitrogen-
purged glove box, followed by cooling and release of pressure thereby forming a
film of 5 mil thickness. A 12 mm diameter circular specimen was punched out of

25  the film so formed.

The separator and cathode films prepared as hereinabove described were
each exposed for 2 hours to an electrolyte solution composed of 1.0 M LiPF¢ in
1:1 EC/GBL by immersion in 2-4 ml of solution in a sealed glass vial for two

hours.
30 The so-treated cathode and separator film were assembled into size 2325

coin cells with 3 layers of 4 mil thick lithium metal as the negative electrode. The
coin cell was cycled at the C/5 rate for both charge and discharge at room
temperature between the voltage limits of 4.2 V and 2.8 V. Capacity during the
first charge for the LiCoO, cathode was 157.2 mAh/g, while capacity for the first

35  discharge was 149.7 mAh/g, giving a reversibility of 95.2%. Capacity on the
tenth discharge was 147.1 mAh/g and the coin cell achieved nearly 100 cycles to
80% of its initial capacity.

25



formul a - SO2Rf where Rf is the radical represented by the fornula

-(RfF' SO2N- (M) SQ2) nRf " where m= 0 or 1, and Rf' is -CnF2ri and Rf" is 25
-CnF2n+1 \Ws6d4s04s 1- 10, optionally substituted wi th one omroMusey/essher
oxygens. 2. An ethylenically unsaturated conposition represented by the
formul a CF23ifat (sQCHRECER):aOCF2( CFR ) bSO2C- (M+) YZ (11) 30 wherein R and R

are independent |y sel aGtiegicfioBdr (idrbmer) cBmpeiing wiralce yhitgeOVP2 having 1 to
10 carbon atons optionally sulasti ':)O}Jt zd Wt h ﬁrﬂf or. nore ettg%u oxygens; 35
a=0, | or 2and fthet eoraprisipg 2-0mOlHR of MOROTST WHFS Ha g PERATIt STOUPS 20 7 7 4y e
el ectron-wi E%ﬁ%@%&ﬁ@i@@l&epﬁh@ﬁmmecﬁmmnﬂm group consisting of CN,
S02R3, P§O) ( )2, CO2R3, P(OR32, C(ORC(OR3, and 26 WD 99/ 45048

PCT/ US99/ 04574 cycl oal keqydF QRR)OCFACEBY, 3O MINY)@erein Rf (I3 a

per fluoroal kyl group of 1-10 carbons optionally substituted with one or
nore ether oxygens; R3 is an al kyl group of 1-6 carbons optionally

substit ut ed Wiet#inone or nore ether oxygens, or an aryl group optionally
further substitutpeghd R afe amidpehdentty sdlecteinivem &t Cliof 4 perélnproatkyl grogpocess f or

Ki hi de i th e L : : t
or panc 17 oimimgd § 1Panhen ARPLO PR SRR onel BRUrLletdr bt ner

conpri si ng nmononmar=0ni 052;0f VF2 and 2-50 nol - % of nobnomer units
represented by tIBe=[)%gul a: 10 CF2=CF( OCF2CFR) aCCF2( CFR ) bSQ2F (I11)
wherein R and R are Intependently sel ecte ,fromlB\E, '{9 or_a. Fﬁ{flgPr oal kyl
group having 1 tN"ioHEar enivateahmeigheationak iy COr D Vith dherowist i Ke! or more
ether 15 oxygghsx i€Candc =10 Rhe?Xighg b = 0 to 6; with a carbanion derived
froma nethyl ene coypo represent by the for f%;jg ein Y and Z
are el edr ori‘yh%"cﬁ&rgp\ﬁpagdﬁ?8@5@0%3?@&3@5“3g(?H?ﬁ?Qéégegoup g%r’%yle‘gél ng of CN,
SCRRf, sgzm,cgnae@g SN 7SOfRR BB, RE(FODRER 3)5(@21330?@R§2, @@Re?é@)?aﬁékﬁgw
groups fornmed, therew t : r Sk -
carbons, opt3gFyFI ﬁﬁwls%%%sﬁéﬁég&ﬁévﬂﬁkﬁh&hgg%r %ré;&lét%erﬁ o%l%}gﬁﬁs? R3 is an
al kyl group bil0 tabonsorsonslly sustitugdanitly ors eraneredthed o 8HSone or nore et her
oxygens or an ar y%3 Qraﬁlﬁﬂ(ﬂ%}d@r@llL@carBéHstdiﬂbnzﬂlybﬁﬂbktﬁtheG@vit}ﬁm oMgsrei N Y and
Z may be either the same "or different ho .
20  ether oxygens, or an aryl group optionally further substituted;
Y and Z are the same or different;
or, when c= 0, Y may be an electron-withdrawing group represented by the
formula —SO,R{ where R is the radical represented by the formula

~(R¢"SO,N-(MH)SOp),R¢" where m = 0 or 1, and Ry" is -CyFop— and Ry is
25  -C,Fyns+ Where n = 1-10, optionally substituted with one or more ether oxygens.

2. An ethylenically unsaturated composition represented by the
formula
CF2=CF—(OCF2CFR)aOCFz(CFR')bS020'(M+)YZ (1))
30
wherein
R and R' are independently selected from F, Cl or a perfluoroalkyl group
having 1 to 10 carbon atoms optionally substituted with one or more ether
oxygens;
35 a=0,1o0r2
b=0to 6;

M is H* or a univalent metal cation;
Y and Z are electron-withdrawing groups selected from the group
consisting of CN, SO,R3, P(O)(OR3),, CO,R3, P(O)R3,, C(O)R;C(O)R3, and
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forma reaction mxture; reacting said reaction mxture until the desired
degree of conversion has been achieved; and, renoving the bulk of said

g:gggl C | wpddlisosS 4 Am;;rocess for maki ng a net hi de conpogctriusn/bdsed
Ss conprising, conbining an inert organic liguid at a tenperature in
t he range oéyclﬁallmﬂtgm)upbfmmﬁg theggyitheyherel aawrfﬂ}? al“&'ﬁ o

;Jr:gAl- ggéé Sﬁgéﬁf@%ﬁéﬁ&@?ﬁﬁ&%& With 030 oy\h@rmther/bmygeﬁ; or CI , Rand R
oo :

010" caf bon. at ok 15 ik ereligpt b5 cihanofliogRly uNBAa foth oE SRS N9 1

Oylegln\éeg f{g@%hlér oRidaus, e’mena@rm'gmmpd)ptlemﬁy@rth@diumﬂt@ﬁé, fornula CH2YZ wherein

e ec on- selected fromthe 35

consi stlgg of CN, %ng“ q&%%\gﬁ&&ﬁ?@% ).2, . CO2R3 PEnO 3 grouEfC(C))R?)

and cycl oal kenyl 3gr oup’splfoo%ﬁé@rmﬁi@n@me@l %\If?é‘Pﬁieﬁﬂ’prr?‘)ses%co%@F R&or oal kyl

group of 1-10 gakh éﬁ%ﬁlﬁm b%faﬁl 'mqufd&%tterhyér@ﬁrwntthe gih@e Of 04TS0%C aet her

oxygens, R3S an gro

with one oponqiymeé@qmprls@@@@ﬂ%mgrunétﬁog&?? agu%) ,ﬁB 9 %{H‘ SUbft“t“ﬁg ut ed-

substitut ed,reﬁggnéeqsy‘tﬁémrﬂm}é and Z may be either the sanme or different, to
forma ngaction mxture; 27 WO 99/45048 PCT/US99/ 04574 reacti nﬁ said
)

reaction mixture until th@@e@F(@@Fgﬁdﬂg@CBﬁ(C&&%&)ﬁon has bedH) achieved:;

agd renDYLng bul k of said organlc I|qU|d 5. A process for form ng an
i onomer e praqcess co
TN A g Ve o
I( %:Fz CFR) a tcmaa(n@rﬂo% 1@8@5&@@@4 dftiodpidy wthstl@llted witlpofie eiioR ethgre
ependen sel ec
QSO msog%/ ehss& 5% ;1 o&%’g&{ﬁq%w b: FitR & chibdRioRdletivéd ﬁélﬂ%&ﬁﬂeﬁ@ 11to 10

car bon y su uted W th_one or npre er. oxygens; a0, 1
or 2; b=0t aﬁmpomﬁd Mprfrssnﬂ%#bmheafonﬁ‘iﬂﬁﬁwz whergin ‘é&flil%y?f e gleptgo gor N wth

the proviso {hata i gra rge%ctegﬁgr@@ﬂggg‘oup Onyibeig of CN, SO,RWBOHRE, = 1, Y and

(Z:Nar gOS:?fectron W|t &f%%g@k@@@%\gm t he I%Eﬂ%f%gups %ﬁgal ng of

g]}’cggahk?nwm&re%tﬂswhéré{flﬂdf it Ihl peltiotdalkyih gromprof RF 10 @rlquecmtiomlﬂ}oal kyl group
Re s mdny| bRy Ao P Bhighll B0 ifhd BkPREoRh o PeRaRlahs; DXYBENS:
may be an el @sionalhy suushumt@imnigorger ouporeephes Qéyge@a Opgn wbgroup optionally ’
further substituted; and wherein Y and Z may be either the same or different to
form a reaction mixture; reacting said reaction mixture until the desired degree of
conversion has been achieved; and, removing the bulk of said organic liquid.
25 4. A process for making a methide composition the process
comprising, combining an inert organic liquid at a temperature in the range of
0-100°C a composition represented by the formula
CF,A—CFA(OCF,CFR),0CF»(CFR"),SO,F av
30
wherein A is Br or Cl, R and R’ are independently selected from F, Cl or a
perfluoroalkyl group having 1 to 10 carbon atoms, a=0, 1 or 2, and b= 0 to 6;
with a carbanion derived from a methylene compound represented by the formula
CH,YZ wherein Y and Z are electron-withdrawing groups selected from the
35  group consisting of CN, SOpRg, SOR3, P(O)(OR3),, CO,R3, P(O)R3,,
C(O)R{C(O)R3, and cycloalkenyl groups formed therewith, wherein R¢is a
perfluoroalkyl group of 1-10 carbons, optionally substituted with one or more
ether oxygens, R3 is an alkyl group of 1 - 6 carbons, optionally substituted-with
one or more ether oxygens or an aryl group optionally further substituted; and
40 wherein Y and Z may be either the same or different, to form a reaction mixture;
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formula - SO2Rf where Rf is the radical represented by the fornula 25
-(Rf'S2N- (M SQ2)nRf" where m= 0 or 1, and Rf' is -CnF2ri a nd Rf" is

CnF2n+1 WR@y 448048 1- 10, optional ly substituted by one or npce/usydmsm
oxygens, to forma reaction m xture; |ntroduc a free rag%q initiator;
reacting saksctingaeid reactivoigtuee vfilithe desirad idégfé CORXEASIRg haS REE™ | ng poi nt

30 of 150C 08 JEEA ronfivink1Rlk BOPErgRkicHqaian 1 or the composiLion of

Claim?2 vvhe rern kal.i metal catlonh rocess of dains 3,
4 or 5 wherein M- is APregersior forayag an joRems © %%m%ess??fgpf%ﬂ%rrer or

conposi ti oncdMbikdns |1Hh§aq\i'ébﬁ§tdacﬁdln mediaml VFhiviinangetic oonoder The process of
Claim?7 where ium cation 28 WD 99/45048 PCT/ US99/ 04574 10.
The |onc§nerreBTeS%§t8‘?h¥?le PmP 8 conposition of Claim2 wherein Y and Z are

-CN or -Q02C2H5 whe c q;c(’j% ¢ 5 when c=0. 11.
The Process of C ai Qﬁk\%edr%)ﬁ @9& @fbsé %W@F CO02C2H5. 12. The
process of Cdaim5 V\/nerel nYand Z are -CN or -CO2CH3 when c=1, and Y is
- SQ2CF3 or oc'hgremSOZCZFS when ¢=0. 13. The iononer or conposition of daimb5

wherein Ris ,Onet e process
of daitl7 V\/nere ??IPF%/HGH%?%I@ ﬁcqed%is’m , ﬂ%‘ﬂ-uor&ﬁﬁ%l”glro };115 IoThe
i onomer of Ei\angnliod:@laarhomehonme)qitlblsalhlSihlb$tttuﬁé“p@|%t‘30§m§>&?6ﬁlefthan or equal
to 150C. 16 )?%egl nductl ve conposition conprising the iononer of daiml and
15 a I|qU|d 1 i’bed therewithin. 17. The iononer of Claim1 wherein the
concentration of aiFdhiledr Zronomer units is 3 to 12 nol % 18. The iononer of
Caimlin the fgm@g%a filmor sheet. 19. The iononer of Claim1 further
conprising up to }Sglg % of, nore additional nmononer units

p

sel ectef fromth reiols 4 ?ritr%e%%fc a?‘ét raf | uor oet hyl ene,
chlorotrifluor oeDMgI(BaeN vithhihb erovjsotthataf+luehapKop@lasde = 0 whes KisMNset hyl ene,

1o Lvor i o1 TN oSS R 60003 pogr bbuigal kv
consisting of CN, SO,Rg, SO,R3, P(O)(OR3)2, CO,R, P(O)R 5, C(O)R¢ C(O)R3
and cycloalkenyl groups formed therewith wherein R¢is a perfluoroalkyl group of

20 1 - 10 carbons optionally substituted with one or more ether oxygens;
R3 is methyl or ethyl;
Y and Z are the same or different;
or, when c= 0, Y may be an electron-withdrawing group represented by the
formula — SO,R¢ where Ry is the radical represented by the formula
25 -(R{"'SO,N~(M*)SOy)pR¢" where m = 0 or 1, and R¢" is -CpFpy-a nd R¢" is
CyFop+1 where n = 1-10, optionally substituted by one or more ether oxygens,
to form a reaction mixture;
introducing a free radical initiator;
reacting said reaction mixture to form an ionomer having a melting point

30 of 150°C or greater.

6. The ionomer of Claim 1 or the composition of Claim 2 wherein M*
is an alkali metal cation.
7. The process of Claims 3, 4 or 5 wherein M" is an alkali metal
cation.
35 8. The ionomer or composition of Claim 6 wherein M™ is a lithium
cation.
9. The process of Claim 7 wherein M” is a lithium cation
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25 20. The iononer of Claim 19 wherein the additional nononer units are
sel ected fromthe group consisting of tetrafl uoroethyl ene,
hexaf | uor Qps op)sopne, et hyl ene, and perfluoroal kyl vinyl et heicg/usddoasihe
iononer of Claim1 further conpri Si.”q a non-ionjc %%g\{rrer g\l ended
therewi th. 30 2210.TheThoisoomer of Claimiliar she Gomanasitionioh £181812 WEREEE Yol yner s
sel ected fr gy i GQUP-e0NElnl When ek1.palH(iseSO3Hyor Vet hgDsdgls and
copol yners ereof with héxafluoropropyl ene or perfluoroal kyl vinyl
et hers, pol y’b@ﬂﬁ?@-i dene fluoride) honopol yner and a copol yner thereof with
hexaf | uor opr opyl ¢pe, TRePysesvfiCiainisalond whereinpdlaydZingé e axi de, and
pol y(vi nyl C‘E O{Eil_gg). 35 23. The iononer of Claim1l further conprising
i norganit partzc? adm xed therewith. 29 WD 99/ 45048 PCT/US99/ 04574 24.
The i onomer of Cllai m TBe pheessiof Glaien § mbersamY gy are cCDsOtar(e2GHs ca
particles of %HCQY%G%SF’-%&@H%@Fim%@ﬂrs%eh%&a. than 1.0 nicrometers,

I t

the silica €1 ng ’present e adm xt re(gt, ug 5\(})?}?50%?.by wei ght of the
total . 25. The cdAducilihgéonosesesFempRsitan o Cpig 2 8D &% the liquid is a
5 protic [i ‘?qli‘{h?orox%@th Tire isPneiqt andeb=clonposi tion of O aim 25 wherein the
liquid is selected ?

romthe gr . consi st.i ng. qf. ter nol. 27. The
conduct i®e conpodftio ﬁ’r‘@eéﬂg%odiigm\’i\ﬁe ?rﬁmtriﬁgqflpﬁgﬁog‘efhgﬁ’algﬁgggr otic
liquid. 10 238 1,Hadbeonductive conposition of Claim15 wherein the liquid is
sel ected fromthe.group consi st i-pe:of .58 80 RANAESSpGREe bt Ur es
Chereof. 29, Thd3tondies r\llozn%c())l‘rfrpeg%l | ARz d B A pAlft et liquidis
a m xture ofthatdndqealgoddddnate and at | east one liquid selected fromthe

group consi sting gof %u@t”@e&ﬁ‘ﬁ i#h&o BB tiiby6akest Clatn 1 dindet hyl
carbonate, 15 rrgt6hi¥l 9%1__9 ,éar bonlgftge andn%iﬁet %yl carbonate. 30. The

o 11! ! Yy
conduct il9e @digidinipded drerewithips 16 in a form sel ected from the group
consisting of a fi7l m TReckonddfTim Bivherbliethe oouhentration efdomiosi tion of

Claim 30 further conmprisjnhg,a_ g croporous electrically insulating polymer
film or sheé’ﬂownﬁ%“ﬂtﬂ??%g‘@%%‘o%s of 20 which the gel is inbibed. 32. An
el ectrode conpri signg &Fheliemsberaf€laiet in e foraref almmar teptal and the

conduct i ve composiq | onygfiof Ak Sain3P fyrHRPcShBiEHe P10 SbpigaiiReuher el n R
is trifluoronethyl, a =1, I's alithiumcation, 'the nol gr concentration
of the i26ni corpeoerd additignal uporioper HBitpsslgcirdfFam therpyp ¢SISPERGE of 3- 12 nol - %
and the |i qukfafisors@hfAcie ehibRitifiadiBettiyiend eftiylene, hexafluoropropylene,

trifluoroethylene, viny! fluoride, vinyl chloride, vinylidene chloride,

perfluoroalkylvinyl ethers of the formula CF,=CFOR¢ where R¢= CF3, CyF5 or

C3F6.

25 20.  The ionomer of Claim 19 wherein the additional monomer units

are selected from the group consisting of tetrafluoroethylene,
hexafluoropropylene, ethylene, and perfluoroalkylvinyl ethers.

21.  The ionomer of Claim 1 further comprising a non-ionic polymer
blended therewith.
30 22.  The ionomer of Claim 21 wherein the non-ionic polymer is

selected from the group consisting of poly(tetrafluoroethylene) and copolymers
thereof with hexafluoropropylene or perfluoroalkyl vinyl ethers, poly(vinylidene
fluoride) homopolymer and a copolymer thereof with hexafluoropropylene,
polymethylmethacrylate, polyethylene oxide, and poly(vinyl chloride).

35 23.  The ionomer of Claim 1 further comprising inorganic particles
admixed therewith.
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organi c carbonates and mixtures thereof. 34. The el ectrode of Caim 32,
further conprising carbon black, wherein the weight ratio of iononer to

el ectrodeygpddasgsgmaterial is between 0.05 and 0.8 and thepogiugdsossati o of
carbon black to electrode active material is 30 between .0. 01 and 0.2. 35.

An el ectrocheni c24. ceThe ivoomper of Glginy 2 eein, be apargang particles Ares1iqa, o
el ectrode, ﬁagt?}%@%%oa{vefyg? @rgﬁi%ﬂ: heknasot 188 thas L Dinviercandemahatilica

el ectrodes,” and a neans connect i he cell ct.0 outsi de | oad or

sour ce V\her‘éﬁmgmesqf’é&!s'fhe&ﬁ@”ﬁf“e%Hgt%g%éy%%@ts?ﬁl}% Of the separator, the
cathode, and t hepsinodehe esHaREtiveadnipoeitiah of Cluim Ioivhersin b lignidisal. 36. An

el ectrochem cal .cell of Claim35 further conprising a liquid selected from

t he _groép_ cPfﬁ’gFé‘ﬂP‘ﬁg of organi c carbonates and m xtures tper of , the
iquid bei ng i mbbfied The térelurveowmemosition of Claim 25 wherein the liquid i

selected from the group consisting of water or methanol.

27.  The conductive composition of Claim 16 wherein the liquid is an
aprotic liquid.

10 28.  The conductive composition of Claim 15 wherein the liquid is
selected from the group consisting of organic carbonates and mixtures thereof.

29.  The conductive composition of Claim 28 wherein the liquid is a
mixture of ethylene carbonate and at least one liquid selected from the group
consisting of propylene carbonate, gamma butyrolactone, dimethyl carbonate,

15  methyl ethyl carbonate and diethyl carbonate.

30.  The conductive composition of Claim 16 in a form selected from
the group consisting of a film, sheet and gel.

31.  The conductive composition of Claim 30 further comprising a
microporous electrically insulating polymer film or sheet within the micropores of

‘20  which the gel is imbibed.

32.  An electrode comprising at least one electrode active material and
the conductive composition of Claim 16.

33.  The electrode of Claim 32 wherein R is trifluoromethyl, a=1, M*
is a lithium cation, the molar concentration of the ionic pendant group in the

25  jonomer is in the range of 3-12 mol-%, and the liquid is selected form the group of
organic carbonates and mixtures thereof.

34.  The electrode of Claim 32, further comprising carbon black,
wherein the weight ratio of ionomer to electrode active material is between 0.05
and 0.8 and the weight ratio of carbon black to electrode active material is

30 between 0.01 and 0.2.

35.  An electrochemical cell comprising a positive electrode, a negative
electrode, a separator disposed between the positive and negative electrodes, and a
means for connecting the cell to an outside load or source wherein at least one of
the group consisting of the separator, the cathode, and the anode, comprises the

35 ionic polymer of Claim 1.

36.  An electrochemical cell of Claim 35 further comprising a liquid
selected from the group consisting of organic carbonates and mixtures thereof, the
liquid being imbibed in the ionomer.
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