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PCTNS99/ 045 TANTI ALLY FLUORI NATED | ONOVERS FI ELD OF THE
TNYENTI ON Thi s i6pp@nt i on deals with substantially quorlnateﬂ1hu§u§F§ooz
perfluorinated 5 i ononers, and related ionic and nohi oni c nononers, having
pendant g ntai ning fluorosul fonyl nethide or fluQrosulfon i mde
derivativggHgﬁaﬁgnlvalent metal salts thereof, and with RS %@be said

i onomers in electrochenlcal appllcagnggg such as batteries, fuel cells,

el ectrolysis cells, P%T% Eﬁgﬁw r&l ectrochronmc
w ndows, el ect rochem ca cagam tors s ng | eI ectrodes. Certain
conpositions of the inventi strong acid catal ysts.

BACKGROUND OF THHhisNiviehvibrli¢alsopith spbsargialhy fluorinated detret pérflactiheed VF2) wit h

vi nyl al kox kAo isclosures in
Ezzel | ? XO&%%Q@&%@jdggg @ncoma%%o%gﬂg r’%tep @%ﬁggw th vinyl
et hoxy sul f@ﬁmﬂ&@-}(’r%lﬁ”&’bﬁ‘? idsioR fuerqentfopyldpi %Rﬁ‘\‘j’é’es #dscl osed is a
process for @Nﬂeﬁtﬁ@tapﬁltyﬂﬁfebzaﬁdﬂnhméu‘s&toﬂeﬁd{lmoma’slikyl ene (TFE) with the

Viny! et oy SOuBARTES u RARL it B flied HeRic? RBROBES) ] 05e the

t er pol yner o uorosu oxy propyl vinyl
et her (PSEPWEyhaag@lmn@k@msUsﬂnm Slegtr @h@mlﬂmdoww&ﬁtrm miga) t each an

enul si onopolcypmRitbfdridanodiicdehtfodes Qertdin BmppiohCatheinventiofRR) yneri zati on

of vinyl et n cal ly unsaturated conmononer, with greatest
appl i cabi | i %Srot%cs) Ju}or%lx ﬁ@é%mrs 25 DesMarteau (U. S. 5,463, 005),

i ncorporated herein by r BACKGROUND OFTIHRINVENEION yt ed perf | uor o- ol ef i ns

of the farnula Cléogﬂyﬂers-oseﬁyﬁicﬁé huéndeZRFi)WiﬂDvmﬂQ[l@x:}(sﬁf&ypr N, Z=H K

Na, or G ou = one or nore fluorocarbon groups including
fl uorocar boﬁ’ajé?er%gfeskngwalug}mgnl fonyl dgioups and/ or perfluoro non-oxy acid

groups, 1¥ = perf Thediselpsupes imEzzell ebal (L5 4:949,585) encormpass eanolymesedbsed by

DesMart eau arme mpﬁhylrea{o& E&lfdﬁ?ﬁﬂ&hdeﬂbﬁﬁﬁﬁnﬁ%ﬂé'cﬂiwm YPRElogRt | on of the
sodi um salt .f orm of é’ﬁé’“@éf trafluor?ﬁgaﬁ " grg]g er. 35 di sclosed are
Conposi t i on§_%8’ﬁ’§?s§lf oA} "55‘?"3‘%8? ytme r of

DesMart eau iwnyttgﬁhbxmmwnmw th di met hyl f or mam de (herei nafter DMF) to

provide a conduchomolrymo 51 0782 VB@EANE theQbrpbl§ hm&rvafzm acid imde
39/ 04574 are cast from

pol ymer S ~~===-

sol uti or%'O Cgﬁfzﬂ noe?lgong* ﬁ\wﬂ’lééggﬂ%& rpﬁrﬁ VHIY/;]:) (f»rf@ g@)— )eafnl ns with VF2 are not

di scl osed i rheuf{swrowrmlvnewP)AIhmmoqu te@hmemblw)ymrm@ses metal salts
based on ampecsb%smmwgea;kgﬁcaﬂﬂémbpmm&immmaﬁex{smih%ﬁ Rg and R f are

hvar ogen or IVaT iyRdtiatontith dif Gl SEPRRIGS Miaied, %, T, i ur

salts of thé@,@OWFPpounds are us_eful i n conbi nation V\:!th organlp sol vents or
macr onolagcul ar s@em&&&umls 5A63,005), Ghdeporatbd Aeeeifs BY téiférete, Hiztlobdst hi um

batteries. Ar _ th cligse (EP 0 850 921) salts and
i ononeric poF‘%ﬁ%qe%eerlmoe 1r‘so()% rradﬁeé?\‘bm trile Z-C(CN) 2 where Z represents

sn

CP=CF-R-¥-50,~R
{I)
(SOzR)m

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
DesMartean in combination with dimethylformamide (hereinafter DMF) to
provide a conductive composition. Membranes or films of the acid imide polymer

VIR
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10 el ectron-w thdrawi ng group and Z can al so contain a pol ynerizabl e
function. lononers based on these conpounds are disclosed having styrenic
-or vinyl functional grups for polynerization. Copolyners ofzih@§gspgmﬁpers
wi th substantially fluorinated nononers such as VF2 are not disclosed. Xue,
Ph.D. thesis, C enson University, 1996, discloses reactions of the 15 type
RSO2NHX with RY@B¥B0% th X = H "Na and Y = O, F to form RSOBRI/NfBE#EM

where R and R agg ci®fomlsemitiont @dpdlfrﬂét@éfthé EhUshﬁte@b&fﬂﬁﬂl%Bleﬁﬁs Withwrzh M =
Cs, Kor in the rese FFE 35@%@@% Na and Y = C to form nononers
represented by t 158 ZCF( CF3) OCF2CF2S02NMS02Rf 20 and
copol yners thereof vatmmdl(UaEB 14,838 Sd#)jisckases metalmaltebased e gnicEpdgBing #EA1l and
EP0850920A1, prOM&r@R segm@@ua' hhére R} fandltzl Q%pem%dnmé&grd@srﬁmgal ni ngf

i oni ¢ speci es nmer’s or atin no neans for
nmeki ng t hese t‘PgﬂsgfgﬁﬂP‘&w‘b‘g@ @WSI%S gﬁ‘g‘tmﬂ"b‘ﬁ%ﬂ?"m@ L¥%ng the
conpounds from '.tuécmqumxm rithedithi@ saltsi dfithege cavtpodidsairossefud in emisnigion! t he
BT esent | nvent | o e o s
for an ionic polg’ﬁ\ga“ pltsmes-) Armpang F?@Hﬁhﬁﬂﬁsm{)@ﬁ )V?ﬁﬂ dene
fluoride and furiohememmqbymers derived ﬁﬁmmdlexﬂdnnﬁlerﬁaﬁw wherd 2 repesenty amg
pendant groug Q;B}Suﬁf!?% gﬂ%@h

- (OCF2CFR) a0 2(C W i'n "3b R “are

i ndependent | y sd°§€¥‘é@ °S@ F%P%E‘TWWF'B&B’W&% ng 1 to 10
carbon atons optﬁmctﬁjnhygreupﬁbnﬁowxmilzhmno@pdymmméﬂmmonmygﬁm a=0, 1
or2; b=(xo06; Mt | 1 August 2002 WO
99J45048 PGTI USY iy gfto fsml&‘)’ﬂo"{r'&ﬂ’t‘-me e pirégef‘%t?'s"ﬁ@edzc =1 when X is C
and ¢ = 0 when ~ i s NUeRRR- thesig, Cl%m%?ﬁdﬁzvea% B8 disclpsesgepstionaef g gr oups
sel ect ed frotft hgrpgRSOﬁNHKrmﬂsR'SGgYwﬁﬁlQ\hfﬁmlﬂndY%ﬂZ% farinO) (OR3) Z, CO2R3,

R
one or nore et heﬁ'&d%ﬁb‘@ (PTesENEg ot i a’&f‘a}u(bcﬂs‘o &9 onal |y

substituted wt hnommnmreptcsmtdtﬂyehefomens or an aryl group optionally
further substituted; Y andcg, 2g.06F i 58l RMSO or) when c= 0) Y
may be an elgectro “wi thdra gﬁg &épz %h ﬂ% Z?gr mul a - SOZRf
where Rg is 4he APpolymETs rﬁ ¥6‘?’errul a -(Rg' SO02N- ( M+) SO~a, Rf"
where m= 0 or 1, and&rﬁfandsta!(ﬁﬂmﬁﬂ%rml Bhd EPGSSO20RT nprovide e tremendolis 10,
optional 'y subst ﬁ:&]ﬁ: Qgﬁ'g sent |

i nvention furt hel?sfthr‘rgngfléN'aB&'%r an e %ﬁ&é&}’ﬂ@lﬂ&mgﬁ sg corrp03| tion

atu
represented by tiRECTPYAHRE thererHo —Weédﬁm&mﬁg‘(‘ 5 $PTPPBILORIIS (v) () (I n

wherein 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 vinylidene fluoride and further comprising 2-50 mol-% of monomer units

"

30  having pendant groups comprising the radical represented by the formula
-(OCF,CFR),OCF»(CFR);S0; X-(M*)(Y)(Z), o

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=0,1or2;
b=0to06;
M+ is HY or a univalent metal cation;

2



20 R and R are independently selected fromF, Cl or a perfluoroal kyl group
having 1 to 10 carbon atons optionally substituted with one or nore ether
oxygens; a = 0,1 or 2; b=(xo06; 25 M+ is H+ or a unival ent ”ﬁﬁ)\uﬁ@étiﬂ)‘ﬁk Y
is CNand Z is an electron-w thdrawi ng groups selected fromthe Qroup
consisting of CN, SOZR3, P(O (OR3~, COZR3, P(OR32, C(OR C(OR3, and

cycl oai ken formed therewith wherein Rg is a perf kyl group
of 1-10 ca&%g%&g%tsi onal ly substituted with one or nore ekﬁpépgggz?flééns; 30
R3 is an al kyl gr oKjs Gfor N-witicthe powiso that ¢ shwhényXsuBend ¢ a0echeniX is Ngne or nore

resent. | nvent i 21, Fak 2L ARG il 995"‘%1‘??*‘ i“"’??é% de | ononer
the process cEARSISHES ?l%‘?ﬁng%ﬁfré(?ééi &03{9?{3&?392@%@%&) 32?‘?@36(% )Rg

t enper at ur e i anddyeloatkemyd gifhpoforied th@@with copol ynmer conpri si ng nononer units

of vinylidene fluagi = ' : od by the
Formil & 7o cr{ OCMUBRTAS EaePRaInRissP DPITES cdffin S AT SRR,
99145048 . P 997 FABPE CHIREPVEASR) and R are i ndependently sel ected from
F, d or a perfl udRbilakglkybgroupoilag carbonk optionkly substitated atithrone opimoenal | y

substituted w r r Bati .or 2, and b = 0 to 6;
with a car ba\g%dé%ogggﬁn\gbocf%?@rlr?{g“ﬁéw% ne c%rﬁgoslt}n fepresented by the
fornul a CHZYZ wher ¥@Rd % aggfhe same-or diffegent on s wi t hdr awi ng groups sel ect ed

from the U ou, sbase=0, g be GlehoaRhd OG0 CreRRiIDy (2R3, P(O) R32,
) ] : I n
ORI C(O) R3, c3haCVEHAR KEDY R AL ARIAQEIEn el ) BchmidiREei 0 Py i

per fl uor oal ky g}r‘zﬁg 0 L ons, "optl ona @/ substituted with one or
nore ether ox§gaNEMIIONs Ranwherrin =@ poligndR"1s nFar sohBs" ispifanal | v
substitut ed wivhére arel-00, optiomalle blitstitueed wathivhe 0f mare efliey bxygenp optionally 10
further substituteg; erajl n.Y i ne or
different to for megierpg%g?tl on“"w*ﬂ?ﬂ%&g?@gﬁér?g%‘é‘geéﬂfﬁi a%{g?tg%?er% xture until
the desirtd degpnosition repsesortedbithe fumulseen achi eved; and, removing, the bul k

of said organic |iqui T esent inventi fu rovi des _a process
for maki ng a nethide ggﬁﬁ@@ﬁ%@ﬁﬂ@@@%&%&ﬁ%&%@ conbi ﬂpng an inert
organic liquid at a 15 tenperature in the range of 0-100C a conposition
represent ed byhdérbia f or mul a CF2A- CFA( OCF2CFR) aOCF2( Cl ~R ) bSO2F (1V) wherein

per 1 tor o4 kyj ?Rr ARttt 8 AagRARRAPARGhifh P pbitifoio frofl 3 00 _

arbon atons,
to 6; with a tYmgdfed caden glomsp Yy H’gﬁeBWdﬁ?Faeg’ébresent ed by the
formul a CHZYZoxpgenwsein Y and Z are el ectron-w t hdrawi ng groups selected from
t he group consi sti (,oq‘or N, SO2Rf, SO02R3, P(O (OR3}I1, COZR3, P(O)RéZ,
cyc
o

)

COR C(OR3, an al'kenyl groups fornmed therewith, wherein Rf is a
per fl uoroal kyl 25 of 1-10 carbons, optionally substituted with one or
nor e et he25 oxygendvi* BHt er eamivalldaymeigl aatipn;of 1- 6 car bons, optionally

substituted with oqagcwan@%%naw.%ﬁ.wmmsgm%ss@n@c@fcﬁlmw%&p optionallg
further substituted; and whetein Y gnd Z- el [ ane or
different to ?%F’ﬁ?%?féa‘gﬁ%ﬁg-rﬁ@?(ﬁ’ﬁg?z’ 9@@@3%@%&@ ﬁ%’&i‘ ?%3;&1’9 xture until
the desired degloatkenyl gmnpvﬁ:rmbd)theiewiibbbaninaqhiemﬂuowalk&l grepwii ng bul k 30
For “Torm o ant) oot bpridhly BUARAIN wiRRE bl ke tct DAYl O 00 Sgbeoue
reaction #gdi um v&%&??ﬂléﬁ%‘ ErF‘EPoqfﬁbéca'mgP"Pt‘s‘mQ% sugstg“te&w one or mor:

ether oxygens, or an aryl group optionally further substituted.

The present invention further provides a process for making a methide ionomer
the process comprising, combining in an inert organic liquid at a temperature in the range
of 0-150°C a copolymer comprising monomer units of vinylidene fluoride and 2-50 mol-

35
% of monomer units represented by the formula:

CF,=CF(OCF,CFR),0CF,(CFR'),SO,F ai



wi th an ionic nononer represented by the fornula 35 CF2~

CF- ( OCFZCFR) aOCF2( CFR ) bS02X- (M#) (V) (Z2)~ (11) wherein 4 21 August 2002 WO
991 45048 PCTNS99/ 04574 R and R are independently sel ect ed¥ Avgust 2002 or a
per fluoroal kyl group having 1 to 10 carbon atons optionally substituted

with one or wpéeushfgher oxygens; =0, 1or 2, b=0to 6; é\‘l;r‘i or a
unlvalent rretal cation; X is Cor N with the proviso that c §9\/\/%Jeg?:“Xls C

and ¢ = 0 wherwherdin Rignd B ane independentlyzselectzd from Ky (Ch et # penflugrealln] gviung . gr oups
sel ect ed f romghbia grt@‘l'@c&ﬁ&?ét&hb&ﬂmﬁﬁll bstﬁﬁkeﬂwthsa&mnor%@x( OR3) 2, CO2R3, .

P(O R32, OR f I en Qu ned t ewith
Wgez ein RfC(I )s XY ’f% R§’r‘o%f02k éjl(:f) X’ﬁ 8 %bﬂ%}ﬂnbd%ﬂg @ Relit:t gfngubst i tuted
with one or mpmpemdeppm&ﬁpg@rbythq:@nmda%HﬁIWMWﬂeYI#WZWMOIZ- are the sane
or differest; tipseletted WoniiBe grous b&ﬁisﬁﬁgbmnmdm REy oup

S@

o ssen <8 oL, LA M A on DR eyt s e 2"
-CnF2" and Rf 'thérewitly Peherein Rmna@enﬂumalkxtgromflomamonslqucmatlnt ed by one or
mor e et her 0X3§9€§?®t@&vﬁtﬁbﬁ@&tﬁ&@%&ﬁ?&yé@n§tmsaﬂl Hﬁ' | 0T9-Geatons, ' adi cal
initiator; ZOrQ% action m?‘%uretofor n ionoper ‘having a
nel ting poi nt %BHO ?de‘ﬁ’ﬁé?ne Of OTHTHRE XY B O ﬁr‘T"Br"PH‘é‘?a“Kr ovi des
for an i ormcalﬂmhamutgiummdvmmmws“andlzmayriprmthemlgpSameopdifgemnttoof t he

L nvention and e b fdbfod al@gmcﬁbﬂmlﬁ&emmtﬂwéﬁ@&?e Gt ion

further provi or an e ectro e conprisin | east one trode active
material, the CPWﬁb“FPé‘r*ﬁa%bfiSBP%ﬁFd’&P ’trFfB"Vp'i‘geg’érli’P kiof 2dth preanic Hﬂ‘i&éd therewith,

and a |iquid inbi bddet preseatniinventipn fyrthep meavddes @ rreqesy der mekinger mohide i ses

an el ectfocher&,ﬁ sitfofi e wsgyaoﬁ]bngn c&a&hﬁlgu@,n%h%rgtaﬁm mdwegat've

el ectrode, ﬂg rat or, oseg 38 t ween t.he 05|t| .ﬁ?ﬁd ative

el ectrodes}5 a "m%"&ﬁ‘é A200°Creompasition fe ’Eeée %05‘8“1 oad or

source wherein at | east gf the sep tor, the

cat hode, and the anode, co r| seﬁts@t’:%% gﬁléggs(r:%kg'bn&uctlve corrg{];tion of

the invention. , DETAI LED DESCRI PTI ON CF I-ll B{}-‘” ON 35 For the purposes
gqn Mselegt

of the presentW}!'51?136"%34’&11‘Bﬁor ¢lnB apd Rrare idersa Fetloras a functional
group wherei n parfluoralkyhinovp hovirtheldtod@rchxbon atbme) a =<0,dl @Q, adtdedid 6 at | east

one Tl uoroal Ky daffiitton WeAbEA frof'h hhydfie EonigBusidtebiBbhted b iRl S 1O 2

CH,YZ wherein Y and Z are electron-withdrawing groups selected from the
group consisting of CN, SO,Ry, SO,R3, P(O)(OR3),, CO4R3, P(O)R3,, CCO)Ry  +
C(O)R3, and cycloalkenyl groups formed therewith, wherein R¢ is a perfluoroalkyl

25  group of 1-10 carbons, optionalls' 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 reaction mixture
until the desired degree of conversion has been achieved; and, removing bulk

30 of said organic liquid.

The present invention further provides a process for forming an ionomer,

the process comprising combining in an aqueous reaction medium vinylidene fluoride

with an ionic monomer represented by the formula

35 CFy= CF-(OCF,CFR),0CF,(CFR),SO,X-M*(Y)Z), ()

wherein



21 August 2002 WD 99/ 45048 PCT/ US99/ 04574 functional group wherein an

ionically bonded nitrogen atomis also bonded to at | east one-

fl uoroal kyl sul fonyl group. Surprisingly, the conductive colfd8igusb@80df the

present invention are readily nelt processible into el ectrodes and

separ at or s wishdshesi N assenbling 5 batteries in | ow cost cpigidhdkks, O

sem - continuous manufacturing processes. No previous iononer based

conposi tion suit abt end R are jadepepdeptiy salectsdifeam E&‘%QPF@“P@W%WHUH o exhi bit

mel t processitavingtiyto 1Tkarborogtome optionhlly substituted evith onevmanbdre@theconpr i Se nonomner

units derived Lom VF2 and 2-50 nol -% preferably 2-20 nol -% nost

preferably 3- gm)f-% 10 of ionic nononer units having pendant groups

conprising the radit@ll ardpresented by the formul a

- (OCF2CFR)5aOCF2( CR =0 }d§02X- (M+) (Y) (2)c 15 wherein R and R are

i ndependently sel %Lﬁq{j(gr%b% eﬁ Qtrglc%tigﬁrfl uor oal kyl group having 1 to 10
S ia'% q

carbon atons optional’ly suk ued q¥1 oneé or nore ether oxygens; a =0, 1
or 2; b=Cto6; 20 NHisGOHN with the prpvisibatn=lnwhen X st snshe, = Xwhen EisN; N wi th t he
proviso that whenl =M\eNand Z GreCleatish-WithdrRwiti @Pouls sefeclid fibiethegronp, Y and Z are

el ectron-w t hdraw n sehe t ONShSt | CN, SO02R
F CSonRa, P CFreHEb G SEARE BOG 0N ORI 64 PURSS SRORTBIRY
groups f okhedndiexelogtkeny! giaensdomnedithdrewith wherein Rg isceperfuorepliylh groyp of5 1- 10
carbons opti 011?(*)Edtb&ﬁbgﬁédaﬂ?ﬁxﬁéﬁﬁl&d(%ﬂﬁda&oﬂﬁbﬁeﬂich@iyg@i@(gens; R3 is an

al kyl group of 1-%3car 0s oa% onally substituted with one or nore ether
oxygens, or an ar ’@Fﬁﬁ’ﬁf Y5tPonal |y further substituted; Y and Z are the
same or different;Y andZ gdadhe some@r differenyy be an el ectron-w t hdrawi ng group

represent ed Ry, yh @0, Kbibben ROBGH wiBiaRiigrdp iefiesch@lbyale 1 epresented by
e ormjl?a- , A . where . 0. or and . is - -
and Rf" i's - éﬂljﬁﬁ%ﬁ%é’g@eﬁg&%%ﬁdlg%??péﬁgﬁftyb}'sﬁgngm- by one or nore
et her oxygensSON-MBSAI R " avheraom 70 dr, 1, BndR¢i3-Cp Ry- andR¢"is €F20and when X i s
C, Y and Z arghdedh er1-10) shtioniiieauBstifdted By 6rd St modbthér oiphs Yo fobmf, Y 1S
preferably S02R~ 35.#}1&re Rf is CF3 or C2F5 and M+ is H+ or al kali netal

cation. Most rB?%‘ngné >Mr is a lithiumcation. Mst preferably the ionomer
of the invention dxtmdutinga feeradicaligitipoi;nt of 150C or hi gher as det erm ned

by the pegk of thgeRapiitErc0tidA nﬁﬁa&%ﬁﬂm%i&ioﬂﬁ&hw%@heﬁig@}mnﬂg

calorinetry 5{@5@%4591?}. 6 21 August 2002 WD 991 45048 PCI7 US99/ 04574 The

net hi de i ono OLEE W esent i nvention may be formed by copol yneri zation

of (11) with VF2 ddeprediminvensionifarthes protvides for eh icgisatiotdngductop. cit. .

Preferably, howpé§ition édnsriIRE MedRlynt? OBk iventidiad RYighiagmiigaess of the

i nvention, vwlgrel n.n a preparatory step is forned a copolynmer of VF2 with
I

the sul fonyl B8P de nononer (11n.
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 refersto a



The pol ynerization of (l111) wth VF2 may be conducted according to the
teachings of Connolly et al, op. cit.. Preferably, the polynerization is

. conducted with pre-enul sifi ed Ii qui d cononomer in a reacti d1 Augustr2002s

t aught herei nbeI ow. The iononers fornmed from non-ionic polynmer whi ch has
been 10 pol YN8 65398 in such fashion exhibit surprisingly hi fc_;h nel t

poi nts of ca or higher as determined fromthe peak. 8 T’Pﬁ??’“éﬂdot her m

in differenti afunsmﬁngraepnﬁ;n&remlamrﬁqe%maﬁfwmg& étomhlfsaé:t(ﬂbﬁnﬁéd folaei rhbul k
conononer cont ?)n IQJIR)% maki ng the nethiade |Iononmer, the
s PHgp R IRE T ool

non-ionic sul f6 however forned, is then contacted in
an inert organi c |I$}U’P’(’F“¢‘Eﬁly W@HQWE?%W@OH“@%PYSGGm‘}!ﬂ“@P’éP@bl y 20-70C,
with a carbani &ldlcsemelvpﬁcésmmlﬁadaéztmdd@ame pardforsiSefd! i assembling

SooRt | Soor, PRI YRR s BB et R whlcels Ko T o
groups forned pmwmmmﬁ@rmﬂmgsﬂl@l saithle for ussrip lerigachemisaleel§ is1- 10

carbons opti onﬁ;dwhtstébﬁbhmﬁq,rwegsiblmpe or nore ether oxygens; 20 R~ is an
al kyl group of 1-6 .gar.bons o ngre et her

oxygens, or an aryl ‘8‘5"6“%&% %‘Fte?y‘f“’?’t%ﬁ% ’O%r%gfmflﬁlf‘gdmwgghc? Z are the
sanme or diff er Gom VExanfdr Hsngl-%%, prefdrablys2-20 apl- -S%6rmoxtprREathepd 2m®l%, C2H5, and
the base uggd EﬂoﬁSWnﬁﬁﬁr Wit RhviNEpeHRAR pRups onipricing e rhdic réph@eaBdy an

al kali met aI B':o Q‘ég m)st preferably |1thium hydride. The combination

i s allowed~" Co™ ? the sulfonyl fluoride is conpletely converted,

whi ch takes typically 15 r r . erature range of
20-70C. Most preferably, g@f@%&?ﬁ% é@“@ Q{W%gier)p is conbined with
the 30 copolymer of VF2 and (I11), and lithiumhydride in the inert organic
liquidin the whereld of one gram equival ent wei ght of CHZYZ and two gram
equal fanlglwel ghts mndR'La?émaeﬂaﬁfknusﬂeela@adfgrnam@wwalﬂe&toam #bap of t

sul f ony uor able inert organi s_incl ude oXx n- cont ai ni ng
sol vents such i?fé’”tﬁ gﬁ"@l arbpp aloms 08?‘??31?%8%‘&{'%&“ PEWW&H di oxane,

sul fol ane, dinet hyla=38, kenZoxi de, n-nethyl pyrrolidone, dinethyl fonmanide,

and acetonitrile. Tﬁteo@(;gf erred solvent will also be readily renoved upon
conpl eti on d)f the r tion. Preferred | d| nmet hoxyet hane. 7 21 August
2002 WO 99¥%s048 P I 9?’0“4‘5’?"’ *ﬁ@eﬁb‘f P™f | uori de coproduct formed in the

met hi di zati on proce% s ©br Nivathithepravisothateryl weeneisdvand ¢ 5 0 whes Kriell; by
extraction or ﬁhdi@éysvan@zaemumwmmﬁ@rroubtsereeteti fd.. Be practice
s%’ fs

of the inventi on t hat f , medi umin
which the ioni€ %‘é’tﬁ Jsdl‘,?ggt(ﬂgf ﬁ%ﬂ?o&(gﬂoﬁo}zrrgbﬂip t’es
t herewi t h, nmakéndgytioalkenyl groups formeditherewith whesein Ry atpetﬂuq’madkybgroep d@fnary
neans Zugmﬁgdﬂ-{labﬁﬁo&ropﬂbx?llykﬁtﬁhtu@d‘mﬂtgﬁéﬁorrxﬁﬁé%&'ox&gﬁw d Ih s preferably
renoved by additio i,on |i ch as_an organic
carbonate, sulfol a:}ga 3?%3?’ %aée '%é‘?%o%%@%ﬁﬁgi Peff PRSI aces the
10 resi dual ||qmr@xygeyxpuocanwlapumuuendtyeﬂx;theesebmwd tenperatures in an
anhydrous fluid sucina@ﬁzmlm%oﬁdﬂgﬂgtrerl c formof the nethide noiety of
the iononer of the inv ion startin h.,t he unsat urated
ol efinic structr ge (fﬂ} P‘Tﬂz\‘?&f?fﬁ “BM%‘%WI%&I ﬂh&ﬂ}? inthe art in
order to ptt efs’!‘m{ilhes bwl@erblsnuthqreétethr@meswechbvthefmhbﬂhé descri bed for
thf anal oggrs scmtwr)soz) R"Iwmdmbwbxrleaﬁmmswnm Zrmmp'\gﬁlar Fp0,yield the
pol yneri zabl e e t he present
i nventi on, VFZQﬁés%péo lo ﬁg on%]eﬂgfbs?t’t eﬁ%o%?{gﬁnoépag&(% {881 t i on r epr esent ed
by 20 CF2=CF( owzcﬂhy 28 EORr | JEe 0 MY)-30 bt 1, and whenRds @ Y andZ
i ndependent | y aebmr@b;ﬂ%met-‘ekﬂk H awmsétvhapxwkwis;ﬁéf&umymwg 1to 10
car bon at ogs op L oRaLiok subst! Lungi i QU ielP ol Nk SA4SE S+

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).

"



=0) lor 2, 25 b=0tod; Mtis I-I~or aunivalent netal ration, Rf is
the radical represented by the formula -(Rf' SO02N- (M) SQZ) nRf " where m= 0
or 1, and Rf' is -C'F2" and Rf" is -C'FZn+1 where n =1-10, 2ipAugust/2002
substituted by one or nore ether oxygens. 30 - Preferably) a =0 or 1, R=
CF3, R =F b =1, and when X is Rf is CF3 or C2F5~ and M+ is an al kal i
metal rati WQIISeB~preferably lithiumration. The ol ef i nirCTsyoasrs (V) may

be synt hesi zed acéﬂgweﬂg?etlg{ﬁrg&accorE\Jz&gﬁn%ntlﬁﬂﬁ{ag%gﬁrﬁ'jeab The

pol yneri sati on ma I Ngs 9f Connol | y et
al, op, cit. copaismerizatign pwhavmhryﬁlwécqsdla&iq the tegehingsof Goanally; on.¢itent i on t hat
thf met hod byprifeiably, hdveeven M TRdéthids ichomerdsimade by thy frodesk of g idlehdd, on ]Ehe
metlng terrperatu IS O
T PSR e N TS PR VL W e BAARRLD, 155"
mel ting |énorfbl°ﬂdﬁmpn?m§\ﬂll)e a higher use tenperature in such applications
as | : thium batter I'I‘hﬁpoﬂj_h@nﬁhbﬁbfﬂmwitl@HF?Jﬁﬁy%Bc@tﬂU&Gdlﬁccﬁfdﬂg&b(ﬁih proc;e(ss for
copo yrrerl Zl | n u or ue,
op ol 1+ o ¢ h iy ot Cordous, Bl o T HRESLI S pO AR RRLERY 0L 1S
the process omﬂmsmmlsé'wdlne@ésgwammgrlwrepctmwmwtmlﬁted nearly random
i ncor porati thef&anhﬁv lmed&ldﬁ{ersfmhﬁ&ddﬁmﬂmt Ricpolyhifer dhichhaskdeye t hough ![933
conveni e proce | S e.l n oril nat e
sol vent . r@e %@f}g ?@fbéﬁsuﬁwwngégnq{l?éméﬁ P?oﬂg?ﬂ k:gtlcs t he
rate of 10 i rmb:gbamtdewnnmmﬁ@nshernebboﬁ theensiothgrme sydifferantial s¢anning
fﬁp"' ymrizatchw A?fmm %Wlhéihﬁxll@&ﬁ:hdn@ﬁbﬂ&ﬂén&f the cormnf)rm:hi n
e aqueous poly zation Qun rLprisingly an
when the et ht da. Thite <G dEBHE e esar iePGRe: MBS SuBl | o' U
t he aqueous dhwotidé eapolymey,homeyatformed ds thmeomedsmemmas Omam@dmmsl aty et al,
op.cit., 1'50n|aQérhbéfatﬁfe(‘dTOa¥5@°d p';‘efbramyqehbsc mra craﬂgh@ﬁaemea favel oped. This
results in a&wgﬁ%@( | é?l ne%é%ﬁgn—&l/t Wi eratg i hﬁ{e thag 'lt)ha]'E
achi eved whe ormed by first
copol yneri zi regouprensifting of CN, SOpRj; SQ:;R%B(%&")W(%#’@R PoWE@Ryy f or ni ng
the ionomer. Ritaed dau@n sf&ﬁe@&@iéivﬂh%ekhﬂlﬂ@ﬁbéﬂdoﬂ&hﬂt??r nel ting
11

70 WP ;
| onorer ' eppo? P iRt bened st o8 OF Freie et gl her | e V2 with

associ at ed wiff
(I'1'1) in28n aqueo lmnhlkorhgvm‘pmém catbeny aptignallylsibptituded witleoricarenare

subst anti al | kmepgﬁy%@,s@qrgyﬁy] é&ﬂ,tophanmpqm{m}mng{ed@nnol |y such as that in
whi ch the water are pre- emul si fi ed under very high

shear m xi ng cond%?'@%mﬁgmﬁ@’%? 3“’5%/‘3/“ 25 described. Alternative neans for
achi evi ng the hi giRreferably Ngandqu@NsvrﬁozRﬂyhcmPéns Coliks, and thehasé abl e by

COD?' yneri EI ﬂ@edﬁﬁ%ei?!r%tﬁréabtﬁde)spéd"esﬂ‘ﬁﬁrf@kl d%ikaﬁr&graf !aMQIlkthﬁmemllt hthl stls | ess
pref err ed,be Q andling difficulties inheren

t her ew t%s glyﬁf'gﬁ é“"?‘o"d%a’a)‘gﬁqﬁgmﬁ‘rg‘ﬁrce of the invention that it is
preferred to nake Thheomeinstionds allomsdE reasy untd)ithawuifpnyl flyorigediswi th (111) in a

pre=enul sifi Q:Gm?»le&llﬁcmeﬂfﬁrth&i@ﬁk@é’!yﬁ@él@rlﬁbxﬂmufs%ﬂﬂme@éd formng the
met hi de as her ein q_ﬁrove deisérzﬁgﬂe However, the imde is preferably fornmed

by first forntn r accordlngto Xue, op. cit., followed by
pol yneri zi ng i n aMastpreferably3 CHy¥diag herginahaye mandnwombm@dmﬁbrthey op.cit.

I n both mopr agsigmer dﬂwz%agﬂ%rﬁd ht}ﬁé:bﬁyhﬂdes:u{hb&mrbrgdm ﬁrtn@g 9iI 2 28 Zgr

BT L8001 045 FaciafR: Bt faufyafent WG BF ??'ewn%'e“’s%rﬂw%gm@' %88, posi o
conposi ti on rofpithiuna hydrifletppr graw envivalent aveighpefsulfoot Aapiiea OCF2( CFR ) bS02F
(rer) s 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.




made according to the teachings of Asahi Chem cal Industry, GB 2051 831,
1980 (K. Kinmoto, H Myauchi, J. Chnmura, M Ebisawa et al.) to brom ne or
chlorine in an anhydrous inert atnobsphere at a tenperature 25fAugust@002n
order to protect the olefinic bond according to the teaching in U S. Patent
5,463,005 form ng thereby 10 a conposition represented by (IV). After
washing to r xcess hal ogen using for exanple NaHS03, the thus

br oni nat ed s‘t@%’%ﬂ material is combi ned under dry condi tlﬁﬂ'g”s’r?f”gﬂérabl y

i n an anhydrous, afhemetal flugdde cop@dhat dorined i thl neethidightion prdvkss oftlere M is K

or Cs, and a I where R f
is the radl caﬁg{?ggg%yeg%e; v@&‘?fﬁe?ﬂiedbﬂ Lﬂﬁfﬁ&{&%@&% %ﬁgﬁ%m Rf" where
m=0 or 1, orW#®ssibly > 1, and Rf' is C'F2" and Rf" is represented by the
formul a CnF2n+~ whdtig foumdl i the phctidef SBehdNhiZention, nignt iredie famatdrsg to the

t eachi ngs r.

Jahrgang (%975‘?#(&8&@%&{%‘% (ﬁ@ﬂ l{}hﬁ@ﬁ'{}{% #”J\‘/‘g&r‘éﬁ%ﬂr?gw(fg%%}e oni tr| I e,

di oxane, and dhighlystable solyaestheresvithpmoking it diffieultto fully rgmevesthadiguidbys. The
m xture thus fc@ﬂmgi nméndarh asldrying ar tishiRgionl Theresidudl liguid agefeniblys0- 150C,

preferably 70 ferably until
the Rf SOzNH2 nd%:lﬁ“r?tnsl 0?&§m§g&3{afwﬂlrlr#ﬁ§%%ﬁ ﬁﬁﬁ%%gg gr m nati on of
the reaction, qaﬂ@nptwerlfelene \%)rkb”(?h@?éﬁ&loﬁémﬁﬂ‘%? °dﬂ“‘rh§eﬁlé‘f?§|ﬂ?ﬂ ed by 25
filtrati ono | neadsheliqiio, tysiediyer moderhtbly eldvattd fimperatuieh in bl enHydans i on pr oduct
is then cont a%uegis‘y&‘tag etngtl lic zinc,, preferably by slurrying Zn powder
into the sol ution, I'ént tenperature and then heated for several

hours, as taught i mmowmmfemo heymethisig moiety of the igmomer of thoinsentiop filtering

and washi ng Wlxh m aﬁhmg/rswﬁng vmmb uRisafi BEbIEfifiO bR Rire gny,rromved
fo

acetonitrile. 0S.ti 30 r.e Hes the formul a:
CF2=CF( OCF2 CFFQ?’ %‘CI’Q‘I{I( R 35 ip ot to-préteqlivye SRS ot réasor, ot
structure 18Vv) aséxeteh@hoedpmhéefor ﬂ’é@ﬂwgoﬁs wrplyzsrfelioved bygreananhe t eachi ngs
of Connol |y etwﬂiZnMine‘ﬁﬁ)thﬂ BinsteizaidacliblEsdhd. Wherein it is pr ef erred

to first make a copal th| i zat i in the
case of the imde i Ofxggﬂwg'ﬁ}dgm oglfp?f('%d‘?’rfseg#linrg\g@gﬁ’aqﬁﬂg )Fﬂl?ﬂzf d nonomner
(V) followed byilﬂpﬂipWPMQI&NO@WOWIQWCWEBMGIdr’Wnany appl i cations, the ionomer
is preferably formed into a filmor 40 sheet. Filns may be formed accor di ng
to proces®@s known in ¢ OCFJQF FR'$.$S 2 VWO 99n45048

PCTI US99/ 04574 enbodi rreir:t]it%@qt(he ilorltgxn(exrlﬂz?(s: dlybl %gn?hst g sol vent such as
DVAC, the m xture cast onto a snooth surface such as a glass plate using a
doctor knife or ot Reandd® utednddperalently seletied framt F, {0 onsperBboroalkylgpami ting fil nms
on a substrat % Pq t& Ii'@cﬁ'gtlmveﬁ&;)s @ﬁﬁ%ﬂﬁ gashﬁﬂltutg)(f f}f&{eq’ph%ré aﬁ‘er o ,r Of the
invention is firs | asticizer and then i1s torned into a
filmor sheet by a?mePt °ﬁ§ocess I\/bst preferably, the nelt process is an
extrusi on 3rocess. bF@to@noners of the present invention, however forned,

may exhibit a |ow hevglyQlr a'uﬁﬂhﬁnﬁﬁ?&ﬁ% ngngs thEradfi x‘é;Srlése%{eétb? ypi cally

about 10-7 S/¢ ! ane 1o c i ne vmth a
liquid to achlfg%'é‘h?n(g‘ﬁgém 3&5 mBf" g‘?ﬁeé“ cgﬁ’aﬁtﬁ“}f/‘ﬁtﬁ 8&;} i ng upon
t he requiremeRg ioiC,Fhe whekncal- iQmptlaxiaﬁysuhstm’edbwohd;mbmmnﬂthe acid form
or the netal ngorm the partr cul ar netal being det erm' ned by the

applicati as vveI lig yeqd rew t se be

di ctated % t he aprgf?f?,‘é Hf’ﬁl Sgpgg&ﬁ{ t‘é'hﬁs ng%n% hBri n the
practice of tI@FsranérM’tnnnalﬂtalinwtah@uon,rmostpref@fablyﬂahiuntpahm cont ai ni ng

i onomer 15 | ncreas%emehﬂlc'nﬁﬁﬁﬁ Sfiithesi¥Bd %Brdﬂ'@tt@lﬂfetedcﬂﬁl gasi ng

dielectric con easi n aSICIt the |i whi | e
conduct i vi ty “Be‘@I'Ft 8@’5#’9 B’ef'@tlg’e&a\gbg Wetdﬁc? E?stgﬁ&a?)ﬁ%d’gl ty and
i ncreasi ng nolGumblly etal,pp.cisf the |iquid enployed. Thus, a highly basic

sol vent ofsg on vt 4Kkl AL o lfruainihich Baad iRy Lo
| arger, nore Wgiheionp %‘HE\"’@ ?’&Iav%ﬁi“%f ‘fé&tr%?qh’r@%“WME{af‘Fﬁ%onstant
Of .cour se, ot Ithe ionomeri fammeslttheyehy. Mgtingpointinefampbrtanceibecansela higher exanpl e,
the liquid may be el ectrochemcally unstable in the intended use.

Conducti ve conpositions may thus be formed by conbini ng together the
ionomers of the present invention with solvents using a variety of

techni ques 25 known in the art such as gnbibing a dry iononmer filmin a
m xture of solvents or exposure of a dry filmto a solvent vapor ‘under
controlled conditions or conbining the iononer with the solvents in a nelt
state and extruding filns of controlled conposition. Preferred sol vents

i ncl ude water, nonaqueous solvents such as linear and cyclic carbonates,
al cohol s, est ers, I act ones, et hers sul foxr des 30 am des sul fonam des

b o . o o



conpositions for purposes of inproving ionic conductivity through the

i nfl uence of the chem cal agent on the dissociation or nobility of the ions
.Within the 11 21 August 2002 wo 9914so04s PCT/ US99104s74 21 August 2002

i ononeric.~olynmer. Such chem cal agents include but are not limted to
cationic conpl exi ~ agents such as crown ethers and aza ethers and ani on
conpl exi ng agents such as BR3 conpounds where Ris aryl, fluoro-substituted
al kyl or awmpl99/4304& | ononers of the present invention provcaasseosT4al

unexpected benefits 5 gv t he i Qneners. of e art., lt..is. known in the art
hat Vo' pol Jibaieg inem Wi plofie e MEBRTSE eBinetelle Blshen et Siof Rty v ch
makes t hem silithiwn battgriepmt erial s of choice for use in lithiumbatteries.
Cﬁrmar ed to the imﬁmh rartitthchdd@n addeokd ¥nddlsi6Opto aismfoibmlmﬁf zfxflgnat ﬁ Zal ts,

t he i ononers_of. .t he .ptesent inv .on i.Se rosul f opyl net hi de or
i de sal 1o TRAE iR mefheb iRl TN et s W Al s (T ant <

t her eby p? ov tefiafigoreethylens (TVE). Ragptinn kineginsdictatethag thepegcessraim wi t h

sur pri si ngl y paiMdBreéaaiiedsesiariyy will resbiten RnREE hERT raIdflifédrydaticioIeRd t i ons of
the present Lnventi Oﬁ'ﬁ conpr i S aﬁt@eatl'\'ref}g' tégilesalt gnbnqdl nments of the

i onomers of {TAKEPRPEHIdedRORemST a%‘?’o‘ PR ANES *SOPPEHIET PRSEY pref erabl y
organi c car bnewrin thaat,listorolymsrizeinag netfluorivatedsolvgntael | - suited for use in
l'ithium balt ter 't ﬁs ?efuﬁs& ot veRy sﬁﬂﬂ:ﬁ?l\/ctﬁﬁﬁéﬁcﬁ§ﬁl r&z{%ﬁé@kiﬂetids,tﬂxé ﬁtefz_ﬁ‘l; -”f"
surprisingly, tha e_| anaper s e present . nvent.ion. [

parti cul éﬁl yi’}ff)ﬂar?’aé‘f’f'iaﬂ‘i ?‘ﬁ‘“gﬁ&nﬁgasﬁ“l ) CSP?IW?’F\WE}Eﬁﬁi c solvents as
conpar ed t o dépsninunemdheaveilabidisy hEthe eerognogisr inghe aquedus priyeheriation TFE.  The

hi gher a~" m {nedfin. 1P Rasi REPIBAG VY srPifsighV@Rd Whth thOmehiRhE im@kvent s on the
one hand nmakes nelt processi %o.rzﬁcﬁaﬁggg.o‘& menbr anes.a useful 20 process
for the prodiPRPMEF hefrdy g Fopolymprized wi th ?a%‘&ﬂ‘%ff"b‘?sb‘m des for higher
upt ake of t heolymefiztion df the gdsuch as iv Gomalleet a,mpiciigiopicellericleahdc onduct i ve
conposi t h9ns jifcallh odrPAGtslaf YevbISp NBistrSsults MG odoRRALG kil 4 €S thereby. It
is found in thf. practice g‘f thtﬁ i hvent, oeg t hat certalq%lgo osi tions of an
| onorer of |t PN JERRSFFe BisheEifan el aahicyed 160 8B MPORS SHACTBIONER abl v at

| east 25 80%aN/Eempasitidnasciomeedbyfirst copalpaietiging VE2 wisth (8)sing thbisireel within it,

w th concomi b@g&ssq@m{@aggf&ﬁﬁg%ﬁgg?gﬁglh strength of t hret _rrgnb(r)?ntehel n sone
L es

applications, it rmay,be gdesir ance the pro

sol vent - swol | en wéﬂ%Fﬂ'ﬂ%‘_"eWQ‘h‘ °’é\l?f8?"fi‘35|rt}5 &W"di W%ﬁﬁg 1MeMechani cal
properti 28 i mbiledweidiag jheipitialls pfunanted side teactidne agsodistedwithy means known in
the art, a nghyhehtifg hBiidrik spciBd AT BEpolyitdrize TFD Uhith SO VA aghehini ti Ve, 2)
formati on by kaown gean%clf %]&%‘l&%imer bI.enlﬁ wWith a non“;ﬁff OmtétlpOI ymer that
is | ess sol vEIFMIERATER M. 19810 B"_‘:Ffﬁce_ﬂ S ‘GW?BMEF@S OVPh 2% Bnonmer of the
i nvention wi the methdfiGonnolly sueh asahat in which thg veskerfsurfagtant sadwpordreérons of i oni ¢
copol yners. arelpie-8miksificd iRl vay B isRRPnih@hg donlisiohs NéBBieinbBlown Vol ves the use
of 35 copposi,ti ogeairly het er ogeneous - SO2F-cont ai ni ng copol yner as precursor

for the noﬁ%ﬁgf’ orm Conbined atfributes of increased conductivity and
enhanced nechani cAltemativermepans for achievingdhs highhmeltingipnomers of the August 2002 WO

94/ 45048 tF’Cg irlveRtf, thn%@%lfﬂléﬁﬁ@p@lyﬁﬁﬁﬁﬂg?T_Pﬂ'm_r(ﬁl)w&ﬂud?tﬁﬁtebe usef;ﬂhlly

i ncorporated_i,n se, J ononeri.c 0S| ns i ncl ude r ugr oet hyl ene,
chlorotrifl u8?187§’t‘§1§weth‘§ fsqgisr??'fgﬁé%%i%‘?ijltﬁ%%fﬂ’f)ﬁ?ﬁ?ﬂéﬁn&‘ﬁgﬁlﬁ‘ﬁf oet hyl ene,
vinyl fl uori iftherent thetewith| ori de, vi nylidene chloride, perfluoroal kyl vinyl
ethers oot he for [ BusFgaepRtichbahSinTertion tal is frafEBeco kkE the Pr ef erred

tennononers include tetrafluoroeth ne xaf | uor opr. |, ene, ethylene and
t he perfl uor Bﬁﬁﬂ vpmrbgpﬂlgpgr_mrf%ﬁgmtnﬁﬁuwgreﬁngﬁgﬁg%ﬁ@e esent in the

pol ymer at ah elawidascribed, fillowed by fapdingdhe methide pshessinabove t abl e f or

bl endi ng wi t QedcABQI B GWeér, thB Enide ¥péfeAblyifotaled BF fif® Formirpithaimider oet hyl ene)

and copol ynmers _thereof .w hexaf. opr | ene .ar 10 perfl| uoroal kyl vinyl
ethers, polyM9 %Wﬁ&%%?%@-ﬂ%#@é%‘?@%&#ﬁﬁﬁ“ﬁ“%g‘p%ﬂa{;lﬁ%qﬂgt hereof with
hexaf | uoB8pr ugnaddongthellinas lof Somnpllpap. ok ln dothapproadhes, thecprefergrbsi t i on

conpri ses 25:6&10‘&%9&&ﬁhﬁeﬁF@BNE@ioh&ﬁamwngfneMnP@dmdowsbmw VF2 i onomer
of the preseni invention. These materials are blended together by neans
comon in th&%®t such as ni xi ng in a comon di|uent such as 15 DVAC or
propyl ene carbonate and then casting a nenbrane. Suitable inert fillers

i nclude Si 02, A1208, Ti 02, or CaF2. Hi gh surface area particles |ess than
1.0 mcron in diameter are desired, su&h as are available for the preferred
grade of Si02 under the trade nane Cab=o-sil TS-530 silica. 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 materials in particulate form the iononmer of the
_invention, at |least one el ectron conductive additive, and &1 Augsst20z
organi ¢ carbonate. Exanples of useful anode active materials include, but
are not |lim carbon (graphitic, coke-type, raesocar eads,
carbon fi berxgsgwhﬁa;sacenes, and the 25 like) and lithiumi nPerca s@f‘ge)l
carbon, |ithi um netHie imideranalog o£@D maxde symhesizedbyigposing scampasitionl , and

l'i thi um al | oy SyepRbied®y the fopuda0f |ithi umwi th alum num tin, magnesi um
mercury, manganese iron, antinmony, cadmum and zinc, alloy form ng anode
conpounds with inert net al CF e=Ch(OOFWOFR)ROEBABFRY,I0LH- i r on- car balor tin-
manganese- car bon ternary conpounds, metal oxides or lithiumnetal 30 oxides

such @5 110 Xl ocklla 0 i Snchibk ANAUR LA B! G251 €5, 1 B4POT U

oxi de, or tungs tronic ration-dopin
conductive pol M@oeuﬁh%@up@r X, E¥muras M. Erbrsewa ﬂrﬂ)ntbénmrapatrmnedes
enpl oyi ][19 grgpbi&mdreadxbanam esat Widviperdnit8 of 200N (Cnakder (Rgrofehant cal | Co. .
are prererre Iimte
to, tr ansiti on léﬁmﬁ'g?n a%&k}ggg t@&é 't%glué@ﬁﬁﬁ bal&a?ﬁ_ni ﬁ;h%@% fpgl;fﬁélg g{gFﬁI_)PIVhOZ
Li Ni 02, Lil®booa ca_mpqrsweawzesem%w ayy dé%erorashmg tiremeve exeesphglegsdles such as
LIh Feoﬁ or vanghgufer SHR(Dy, 8 this\t26Hhinatkd M&@ngmaletidiiiy/GembihédCoV04, or
t he above conp or
ov-erli ¢ hi at edﬁb%@rém ity fﬁwﬁtﬂn b a S 3B, G R
PCT/ US99/ 0457 4anhydnens Wuwheraéd isdvories, mvacrqmn@smawn@rswd thegfermylacanci es
or defects, etry3O,NHS viRavRy ﬁ@m@meﬂseﬁ@aaehwmaf&ﬂaial-a‘amunts of ot her
divalent o tr I..r catio 2+, o 24 ZN2+, Ni 2+,
Co2+, CuZ+fs %dz%ﬁg§)§6emg vg‘ﬁr%ll‘ @f) 0 Pﬁggly&qta“d %Fg't?ﬂ‘rlpounds such
as solid sul fuRf " ig repeasentedibysiib formaln Cofipamahete n51 g1 Rd'é@zﬁﬂz:hel% Ti S2 or
MS2, el ect rOﬁhEdi:' dcYor@iap €6 ht keaChiRey &Wuﬂcrﬂu&ﬁeﬁa‘ixdmédéé}ﬂb?' (OBen@iRét 1 tS

?u

derivati ves, PAIR é;{s"}a‘ﬁrder 1\5?#9613338,0%# Yt Selveys e%l*t\ér%’?}ﬁy of the

polythrophene | Vew
above corrpoundfboxﬂﬂa,r@ﬂélll@lmeze of the active material should range from"

about 1 toyd 00 mcrmasrab rRaff p@ ﬁ,@ergﬁapﬁ,mt,r on net al oxi des such as
i

Li Mh204, Li N 02, 1 referr d el ectron
conductive aid is c r”B’BﬁmfﬁtB re'fggg%lqoa g&%‘a‘ﬁ tgck avail abl e

from the MM Si0al50PGpefarabl3r 19e308C sandh tgm!mll l&aﬂowmommrpﬁtabbh range of
1-10% Pr efer&Mﬂthemsommﬁeéﬁsédsﬁﬂe@&&éﬁmhéd i NMIR. Quper i n the

finished electrod e electro of the ipvention may
convent ent |y HETBasRs? i o o Froduer coni{iefn W ip® ie ebiped N |
conponent szgl ntfgtrationo dnerderigiregeneratgile olefittigbpndo thetrenstionproduct fsdhesi ect r ode

active parti cl®statleg mmﬁwu&&.ﬂ@ loreiferibly 6y SlGrryifi@Zn pawwaﬁs theliglunbef er red

el ectrode acti X ile for
anodes the pr erreé Eé?ﬁ?edalhd%ef]%ted&fgevemou?s’ rﬁ?’tfnggdpa&%m@ocar bon
i cr obeads. S 0ppreferablyfollowed by fi FeﬂphPQﬂW@BWG@F‘?aBIWMe of the 20

i nvention can dpeotfca:bgmmb&dnﬂsucldmabﬁung Thus SirMmsd s\ daghpbsitigrer of the

i nvention 30[1 e Xl ene carbonate and cycl opentanone, followed
by addition of %‘] |cI ectrode active material and carbon bl ack,

foll owed by depositi OnC@‘E-@F(UdPgCPR)BQCFW')ESC?ZI\QWS@{WE ng. Prefgrably, the

conponents of the electrdde are " m xed together "and fed to an ext ruder
wherein they are m 25 _honpge mel t and into a
film The resultant ﬁ‘ﬁ? %‘?‘I ng&’@ﬁt"fff&@“‘gﬁ& 'Sﬁ’b‘fquléfm@ "r"l ugﬁgcti ve
mat eri al , ISoncascording t@ the teachibgsof IConpolly et aln dmlike the nethide ambodimenty, wher e,
preferably, thgnatgh g &ﬁrxb@tﬁxshﬁnem% difin &'&WQQ&F a%naoedr@terlal E

bet ween 0. 05 and 8 ht, t, o 0.6l ectrode
active materi df® ‘?‘\nﬂb °6356?}§‘ﬁdr%‘8" t)‘ ﬁéfﬂ% e He wei ght
rati o of ionorimidlmMmmardd)efohm,\wddypmbmmionwatht?&?&veen 0.1 and 0.25 and

the weight rati 0 Oflnﬁﬁh h@itﬁﬁK m@ioﬁéxﬁet.méeraarytfbfﬁedrrﬁbarﬂlalorl s bet ween
0.02 and O, 1. rod ap hen be cas&ﬁéﬁon1solutrgn onto a suitable
support sutth S@ﬁ%&'ga'i’ gned aceoring 9 praeessegkpqygy in fhaprt. Jp opgy ¢ et
collector netal foil, and forned into a frlnrusrng techni ques wel | -known in
the 35 art. The electrode film thus protluced can then be incorporated into
a multi-layer electrochem cal cell structure by lamnation. Battery

sol vents may be added to the battery component films individually or added
to the battery lamnated cells using a variety of techniques known in the
14 21 August 2002 WD 991 45048 PCT/ US991 04574 art such as i nbi bi ng by

i mrersion into a solution or exposure to solvent vapors under controlled
condrtrons Preferred battery solvents for fornlng conductrve conposrtrons

o o Y b1 oy o r o o



substituted |inear carbonates. Especially preferred are m xtures of
et hyl ene carbonat e, propyl ene carbonate, and gamma-butyrol actone with
‘l'i near carbonates such as diethyl carbonate and/or ethyl ne2hyugustpgomt e.
Most preferred are m xtures of ethylene carbonate with propyl ene carbonate
in weight ratios of from15 50:50 to 80: 20 of ethylene carbonate to
propyl ene cav0e8e048 These sol vents can optionally be conbPorussiousr4
addi ti onal nobil S h_as. R i | PEXRfy where Rf
CF3, CFZCF3, oérm%{"ri'glr”;t'p%g Hoimis hliied ‘é’f‘g%%@é‘%’?\%\'}" ﬁgpm’gég%xl%rg, Li HF4,
Li ASF6, Li Cl04castontwy smoqth swréacsuchmsa glagsntate usipg a dectesknife px othesr | nat ed
(é:: ggtF g on-w t hﬁa&v&en@o@ﬁmsmz&asbisﬁﬁmhéma s sttate, Bhd e;adol%iﬁ_c::& ]

, or other t . essarily the
sare as Re, Li pei pABHY HeXbidit: of B oeio el dnfbiled BT 3 1
ot her el ectS onplasticizer and thep ig fermed intaifilsor sheet ki@ nlt psecessh doshecessari |y t he

same and m xt UseferdMly, ihtamelPprégessitlah extnisionfprdcessd are Li PF6 or
Li N( sochchsijg. ’ i 2

25.In a preferred embodi.nent of t.he battery.of the present
i nvention, a batter{5"&" ﬁlﬁg@l‘? prgﬁpglﬁgengpn&gyvgveé&%ea,dgwe#bbgla188' l's
formed by | ani leweliofitpnicxpatimsivity in the dmnstats; fpically ehestit)” S/amiapeem and
separat or ConpRgiptiafiRe e ibRfind? hid§ BB borhBIHANWHIPNliqudd o shicVdThicher R been
ri gorously (grl [ rior,to .&dﬂ“l %ﬁ'gr)f athl [ q}l#ig s%eﬁ%ed orHr?t hth group of
organi ¢ calbon®’8 °§?fbd];ﬁ§"§3m(; &8° ‘g’ﬁg’ c3° r)fg’f’fﬁ'gloo efﬁi}"&? tgr fie carbonate
and propyl ene ioapmonuilldetie thegeiddenn griks metalsalt form, the particulpr métal being
f%nbodi ment thaéaémmédf (H9Ttie ﬂ;pliédﬂi@nBiﬁafntheil@u?r&ﬂpgbgedtﬂa&v@imdﬁni dua{j Iji I'm
ayers consi stj.ng.o 1.anode.. separator. and,cat hgode are conpounde
o dua y 1 i Rar B e AERh R in e RBLERS AHRe P S8R M per at ur os
from 90 to 130@activeef theiimventionithati conduptivity of thediguid-coptainingiongmerhe 35
pref elr red pat Lﬁ&ﬁé?siﬁ’h){tﬁrﬁ?c?ea%kiﬁpeﬁ?f; %@?ﬁ&ﬁﬁh}gﬁhﬁﬁé{)&??ﬁ@é&glﬁiﬂ e V\E'ndh q
propyl ene carbonate are | anmna £ ‘gr o form. {i‘, eéé}{‘cg S ich do
not Tequi e adtioPEREmET e vty Ly handimhls copdyrti® s beemoliarvedn st eps.
15 21 Augusttoieoaserwillringredspgdissositiahdincrsasingmoloaniartsizeiofithe lighid el ect r ode
conposi tion Qferhﬁleyéd[‘%ﬁﬁ,'a%}gh?d%ic'seﬁésh oP R RN Sitydnd SALN Bl ufaPtizS uch
pt upases as i rrﬁrﬁw Qg tgg bi ndi ng of0 the %og;r)con&r}%f. t hereof , or providing
i nprooved st r uctirBY dieleeRig sPpsianh SR X1 senegor ORI BY 18 3 §l¥e gom - One
particul ar?0/ pmembranethanddirgeromere viseausy lessibasie sdvent ofv2nhkighdicleptmiez, zvl uch
may be i ncor pogoab@at. VfEBhnke, RiheflécnSiabdtisid nid) Rome intd'Blay hdWvalL.IFR same sol ution
o e R gt gt sy A R T
into other co € ove descri bed.
E, ~4,1y. ~LES 10 EXAMmdictive Thmpaesitidng miayrthie be formed by combining together the
G 2~CFOCFZCF(fohath @ GE 6 RGlh vk IdAGH dovefls @8y £ehridy alaschiiqie by
Desl vi artle),?ﬁu (fF’g" S.. %.aa6§ %25 QB 995 andeXue &.h. D..Elt hestj S 946) ,
d eznson v e in the attjughas imbibing 4 dry jonomes i in g mixrgQrspivepy on | ¢y
stirriztg in asdpesuest sdl filmona silvent vapermiderdontellediconditionsror hy dxoxi de at
E gg m115 t grrggr@immmg ﬂ;feg%%:&vlam mzjsbmng mdmt f&m aﬁd’@mﬁdihgﬁ(ljxhé{ st urln isalt t
.1 g, O. mole) §n Xxnl, o i oni ze er is charged. to a 1-liter
Veriical i rr%&tgﬁ?#ocag%iﬁ°&ﬁée%g§§ﬁvw§ ;%cﬂ“??&gg:tm%: %ﬁgaz%d Lo b9
kPa (100 psi) wuchpslinear yeliornathonates; alicehtls; esters dastonsg ethars, sulfaxides, xd.
0ot ot 5 AT o o e Saul fate (4 48
gin 20 nt u- a?'@‘fgg;e?fb%vﬁdggﬁgnﬁawﬁ’ﬂfb %&%Wa&ﬁﬁﬁ%ﬁgbout 8 hours,
t he remai ni ng Wveniiop tetorm co. Y cRmposItiens § Ballysion vaporated to
(Cjilr: )2/35 ?%SC g i V&%oﬁlﬂiﬁ@lvbé%ﬁigg??@b&fdﬂ&@%r%%&pﬁﬁ&dons. _O;her sollv_ents dentified
~ T~ ~ 3. Unit.S .~ A id identifie
by its fluoring éﬁ%ﬂ%‘g&&% ?%&uétﬁwwﬁyﬁ %‘°§‘8%@R§F§°¥}|ﬂﬁg}i de
CFZ- Cl CFCl 3Cr~opthy3-bagkindizsive trifiorgmethage sulfonetecri bed by DesMarteau, U.S.
S, 463, 005 (1995) i sA ¢aiueesf hemical debts bantHiaddeiQo fHREd Uod@uctivt t
CFZC1CFC10CFz CE( CE3).OCF, CFZSOZCS ~(SOx CE3~ by .t he.proce e. descri bed by
Naddel 1ot o) @%WS@aﬁf RioS e sy Copabdfi RS .Ki B8 1 ot ment
of this co~npoefitheichemmi¢al agentonihe dissosiatiorcer mohilithi plithe dans xd ©0C affords the
ol efinic nethide nononmer CF2pCFOCFZCF( CF3) OCF2C12S0zC( Li xS02CF3}z. This
nononer (35.6 g, 0.05 nole) in 500 m oi dei oni zed water is charged to a
1-liter vertical stirred autoclave. Thellessel is cl osed, twico pressured
to 690 kPa (100 psi) nitrogen and 35 vented, cooled to about 5C and
evacuated. Yi~rlidene fluoride (50.0 g, 0.78 nol) is added, and the stirred
(730 rpnm) contents are heated to 60C. A solution of potassium persulfate

©(0.08 gin 20 M water) is added over a 10 minute interval. After about 8
hours, tho rernai~g pressure is vented and the aqueous 16 pMef~DED SHEEI °




21 August 2002 solution is evaporated to dryness gluing a copol yner

cont ai ni ng CHZCF2 and CF~CF{ OCF~CF( CFg) OCF2CF2SQZC( Li ) (80ZCF3h) units as a
white solid iden#ified by its fluorine NVR spectrum ALE 3 31 Augost@doozner
of VF2 and PSEPV' E was synt hesi zed accordiung to the followg nethod. 1S0 g

of PSEFP' VE | i ur d was suspended i n aqueous emul sion by combining with. a
sol ution of W ammoni um pet f | uor ooct anoate in 600 nil RET/USPLY45T4 ed
orator usi ng Jg&lwnér Gfuch Lherfieal Bge%{sqﬁéw&chume notTlhﬁteatts Baidhicon was then
diluted to 1 |t urre V\ntrl{] d:ﬁz%)n@l i e The
suspensi on loc%‘Bp B WAL P éﬁ“‘gﬁr"db%?ml“‘r’ﬁ“{ger hori zont al
aut ocl ave equagentscsuch 85BRy m’amsomem@mmloﬂuoraﬂhsgmwdtaﬂcyém arglddi ti onal 1
SO0 m of distill egha'ghéthers bi'he Fc@&&ﬁﬁeﬁ%‘ﬁ oerahﬂex peltdbdtieAsSUr i zed to

atawspherr pres erre e thr e times) then
heat ed to @s‘@ﬂ?’ﬁ?ﬁgf'k’g;‘%%’iﬂw ¥'é{§‘8\7g%§?#§2 essure (300
psig) with VI ngpalximtee)ﬂhblt)clcm;hmchl a@blllat\ddclamﬂmﬂmmpmalA sol uti on of
aqueous pot aSﬁia&maB%rEwlééfoPuJe%ﬁﬁﬁmé&tﬁhés B Qdu@v&ronﬁrsﬁnm n period.
React or pressure S nma| ntal ne& 5P&\%Ihpa € ]Q sré until Z20 a of VFZ
had been ; f ed25Mhih coptain tyorqsulonat CARRAMATS Yr selt iBYIEAN and t he

react 0z was c oahpriseflndroseifenylmahideoriatdd saltswyhich exhjbithighes dissasiations f r ozen
and { hawegy { 0 foaib biontdWiorltAkinY BAAlotR ofsbb fiont filmiell iKY 02 ! OLN

and 20 wa wat er repe r ve surfactann After r drying,
pol ymer cr unb“&‘hé‘s"P&P‘Pﬁ'éfhi‘ °33‘P?F‘Yi\{¥)gﬁ}?%%o é&?ﬂﬂ‘?ﬁ‘mﬂ?ﬁ‘ arsqf%e C for z4
hr to give 36#regeninventioh,cdmprisiig tRé\iRhitiat salt embedimenty of thd fon8mers,of the- 78. 0 t o
-$0.0 (rn's), 2’70to
1275 (m's)) ’"1"%% "% “%‘g p’%?] 6‘?3’? s°1v%“gsﬁmt° %pr%fmm?%%@g’m%”g

(10l min, N-: aptisalarly, weflysuitd foruse in ishpny bagiesiesn) ©  t uaxi num of br oad
Mel ting txaasl t| onhﬂn aldaiﬁ@e ¢fZest hegjo, it Tgfoudd) GurpAsiddl(), that thd iasdmermsf char ged

wi th n~tal ono lmg“tan B&ﬁi% m ). Sodium
hydri de (0. 22 és ntgpveﬁa?[?eﬂ&xéa%gé}lrmort ﬁ{tﬁé xtsu?ya was stirred
at room terrpe QFEANICSP VE’HS a§ gompare Lﬁ?rthI‘°'§3§‘§’53"(§D§§MF‘EﬁaPscﬂP s conplete. 5 g
of the ~"F21Pfirrdedwith(TFEY Mhe higher afByigrofitiegoicnets ofdhe invitition Yo orginiSO2F, was

suspended i -ag arrérrfmmsgsmm,#g&ﬁiﬁm&w%&%&@%g’ BBRAG Wkl the apove

mal ononi txil e ani o ut 1 on at each

tame 19F MR BI9eEsE o eawaﬁsﬁepgﬂsrra @géferﬂthearfx 'E@HHP%@éh’(SB‘vaerm on of
SO?k"  groups tptakeOif @i pref2rred angprsic carbidhates imthe Préfefred tonddetvei nct |y 35

different ling ?ﬁ‘t‘?‘gﬂﬁ“ygm‘?ﬂ‘%%;‘%%‘ﬁngg%h% ‘é’n&é’ggl %?theﬁ. 6 with major

antcasity ringle zi ed a~ 16.888),
-109 to -113 (m a!‘f%fm‘ﬂ'@f‘%foﬁmﬁc f IyRAfion; atF“@B"f?"a’ﬁﬂﬂmlSlOfaB) CF2S 0~-

at -1 | 7.9 (iooninerofahe inserfiiod 06i)igining 2CedsbS0% VF2 (nlmmle pipfesably £4&) - 14. 8 (m
a1 O11) a5 | Nb@ANALIAR betorhb/hrskle g@ﬂﬁxzsow&;lﬁmtm&m ASi stent. wi th

9.3 ol % cyanonet hi ac~o conpno I e reaction
m xt c~ re0 was FT%&W‘W?’WEPW?%%@“ #&)“”&ﬁﬂ RS- 'BFUBE t 0 pravi dz 5.70

g zed- pi nk sohppllicaﬁdne,m mayrbe/desiraifle toeshahoathe podperties oftthe sulvpnt-swallenm | H ~
(acet one- d6) H@,ﬁlb}aﬂ ‘éﬁlatbﬂe fgf'i‘ﬁ:pgd tﬁQm@Mﬁhﬂﬁgﬁoepemes include:

nol ecul el pol yrrter oun | um | Qn exc anged fur

lithitun ions U§F9¥§°‘P‘PF§“FE9| @tor RopoPis tird £ i f e sodi um
form of the cnpnd)memhat\tmtsmlsmmimﬁvc,d) fotﬁﬁnmﬂbydabwnmmmaqmumd 5¢g Lid

and stinod fo t pl aced with
anot her aqueo[)lm:lﬁtmctfpan*;I 8’ #urt e?gl#g ,gg%&&%%cb‘g Efnﬁggkyof met hanol
(40 m}. Afteknqve megnsof °f%‘ﬁmﬁh maemea&aﬁh@@erw&rmer-é WBUBE vyt h anot her
aqueous char gdiffefent édmpoaiticng ¢fdonit edpolymersas stirred and f| |tered.. The solid

was washed with di e[y\?,g i ef fluent coul d
not be deégct ed. T}?rled r igﬁlso 3 mb‘*“‘ﬁg‘élfé‘ﬂﬁ“ e{r;rbsatgke%sfbr%(f)pré’ |1y dried
hetsrogsaenus -SQpFzopnigining 6!

usi ng t ol eRne ORI Ber aspresiperiogthen ¢ ol uene
IS (S ) Wasmadnieﬂc fount ﬁ?ambnpd)hmhmess»ﬁmpgmdmmdunumylanénmanendd

di stiIIati-on ~~as no |longer e~rident is the
distillate) T e&}ag'&%\tét“?%%ﬂ?ﬁéé&m@%% ected by filtration undzx nitrogen,
then placed an a high vacuumline for 3 hr. to provide 4.0 g of solid, rlt
(thin film cachibited band at 2205 cm 1 assigned to CN stretch. 20 1H NMVR
was consistent with one ethyl ene c~rboRgate nol ccul ¢/ pol yntr bound Li ion.
rCP showed that exchange of Li for Na was essentially coz~apl ete. DSC. peak
melting tenperacurc a 1d0.6 (15.8 J/g}.




EXAMPLE 4 In the present exanple, a small nolecule reaction is presented as
an anahg 25 to the forrnatio~a oi'a cyann-substituted nethido iononoer. A
m xture of di ~oQat hoxyethane (30 ml}, nonafl uozobutaae sul f&hAHgustAN0Rdc
(1.43 g, 4.75 nztrrol), and sodium hydride (0Z28 g, 9.5 rnarol) was treated
slowly with a solution of malononitrilc (0.314 g, 4.75 nmol) in

di met hoxyet hang) é’ﬁ q%). Tcnperaturo Increased to 35C with evol uti on of gas.
The mixture w9 ;q red for 30 X 8 br.: filtered tlnrounh §F3§1§9*q457éz
paper, and evapor at eShitablefliifd mosonierdBhigh miby Bebidefillydmdorpbratéd imdbespr oduct was

recrystallized b ' ' B Wl . rof l u~n and
addi ng di et hyl 5%‘%%%3‘?%4%%%‘%9%%F?‘§4”~@&@t&°§‘%§%@iﬁ%@ﬁ‘{a§‘@¥%d filtered
to afford 0 59 ehpiene hexafiuompropylenss triflpgrngthylene,inydflugride, Wpy chipgidecy rm |
aszi g g)ed to CON ginykdenb chilgridys petfluordalkyliNnyl dtfidrs dﬂlihdfa}mma CF,=CRORBwherd .
aa27.3), -113. . AT - . a=18."1,
consi st ent vm;’t hﬂé%~%¥%é&§@@g{%ﬁ?ﬁ}zmw&%&%@mdrg%ﬁﬁﬁgust 2002
~~AN~' LB 5 I n t hexafipereprapylencgethyjpne anditiy perfiuopapikybnd ethetsy Teanengmees: t ed t o
the/I I Pi urn di l@ﬁé@?@éﬁ&lbbﬁk@mﬂﬁrmp@lym& at A c3f@ntration bf eysto I0anolchar gedhvvi th (
VF2/ PSEf VE copol yner . : ~t L s ' ethanz 5
100 m). Lithium h d’?é‘g‘é‘g?é‘g@’?@ fé‘%’gﬁg'%r‘lé‘%‘%@wgggma%gﬁ’qgﬁ@ﬁ%ym Xt ur e
was stirred whi p@y&mﬂemg@x@q}@mptymrsgl,wraquﬂmmWna@ympa as a

sol ution i n1gli npérfiGarsakitamg 1 etherd] polyvififiddddRuoEiéRanstpblyaeeaid 4im was

dent i cal Wt LR g Fins BB En R MRS pRRET 1 complete
super nat ant r enpigatred cpmpasitionspmprises 85 t 30 weisht 36 B¥H2 horaonohames Mlandedia s

col l'ected by fi lith@tid VR iolfeA& 68 thePrestrt Snvéiiidn. SThkeseandterialictes blghdgd vacuum
3,45 and 3. o5, bty Ares Sopuioh iihdar ShEFSS GG 85 PRLABE SISO
t enper at ur e1%16BMAC o[ nupyenyicgibonate ang thercasting anembraie. t ho |t hii um f or m
réo:wyt Qa(rj OI _ExamrplseI ﬁuttéﬁl‘é i R iﬁﬂﬁc%b s&?§,t1g5@, 104, F CABY. qnghtgafda@nat e (Pg,

: adustries, Se laur a.hot. plate a izX a nitr n purge
Yacuum At m)sphe?rggpﬁé ,‘Q%M fopero l@%éaé?e?edgteep e?’feg’ ?&ﬁ%%&ﬂﬁ‘@@% Thus gel
was nelt presseforthe preford grpdetof S¥2 wdegthe triviename £aborsd®A$-530 silicaa Car ver
H_ydr aulic Unit N&dﬁ{ soBa® gmr‘,@s@tw;snagm_tﬂa@fegé@ve box to give a | 02
Lo eregd s, O e o SRl bbbl ibeY P L " ©
conductivity cempre elestrode achiveimaterials inpariicylatrcform,theienoraes o theiimvention,t he
net hod of Doyl eatdtastone @b Ebndiotivé BEIIGW) Bt leabtiohe Bfgahid Barbbrate, under
ambi ent condi t| ga%, RS AU an defve il VoS Fnchre néh1RARARS BAFR! © O
this ncnbrane was Innersed i Nto an excess or a 1. y vol ume 'm xt ure of

et hyl cna car bonér#phitic; eokestyne mesegarben missobestis) eaghonfibets, rodypcenes, and the

gamma- but yr 94 acfik) QrAd mhun-ﬁtd%aldftaIBa_giohj IRtBinmSaétaiaatEdes) sutlods 139 Doy, es at
roomteutpexatu. . { . erl : : e wa. g
renoved and 30 %&'8'{"% 5‘8{“3??‘?@%‘ |%lfs°9%/ve§'_‘|légilhats ag%'cf (ﬁtfgﬁ?@%gﬁ]&?@qﬁlynmr e
mea~urcd. The : BREIERE, HCHIYy MaNgIneseires, antinpqny) cadmivem gnd zinc.allg¥t i ¢ t vhen

ful l'y imbi bod wWorhingahedeainpoiifds Sith intpt aiallio fraimbwerks suchnayvin-iréh-6afbamd t he
mer sed i nto ot i HERaescibon ey Bl el BB s Rl aib = T4 00 1S
lu 1:1 by v3® unexigesapeh gsgin oxide ignayides titapium gxidectaptalym qxides nighioph g, t he
nmenbrane sanpl eoiid§ of fipit@roxadeard dlﬁch‘@ﬁcﬂfy)bnibﬂﬁi_r tdtion\dopiph coriactiveocal e
Conduct 1Y, el BRI At SR 75 2
' p~END~' D EFi Eqarbon 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 LiMnyOy, layered LiMnO,, LiNiO5, LiCoO,,
LiNiyCo,0,, iron oxides or lithiated iron oxides such as LiFeO, or vanadium
oxides such as LiV,0s, LiV¢013, LiNiVOy, LiCoVOy, or the above compounds
in nonstoichiometric, disordered, amorphous, or overlithiated or underlithiated

<
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21 August 2002 EXANIPL S 7-16 iu these e~canples) tho fcollow ng reagents
wer e cnapl oycd. Acctonitzzle, purchased fromElIvl $cicnce (Cibbstown) New
. Jersey) was xefluxed over PZCOS for at |east 12 h, coll ect edluidgust®002
nitrogen; it was stored over activated 4 ~ 5 nol ecul ar sieves and used only
in a dxy box. Potassiumfl~. ~oride wan purchased from Al drich Chcnai cal
Conpany; nchszoas a Pt dish with a torch and placed i meetgsshyssn t he

chanmber of t r round.and st.ored thereafter .insid dry box. CF
S oD, bt o R IR VRS, SRt P e 585 S ub! i o

twi ce at 10- Zbderconipohmdsidoperiywith smallgimouhts ofiothenviealent or twivalentdoelliod a 10

wat er cool ed gits! sﬂ‘éﬂzis(l*p*\E Imezn2+21¢a+ 3t (has, CRW FE@Sﬁli‘*fNPmééw“ ch (< 10
m cronmeters, 984 acti vat l—ié?l ccor ln stand%%d procedur es.
PSF, . PVE was “Z&}nx Ko PG SO é*’m‘z prituf, s graetal 453 005
(1995). | 6 waslfidiessuch heTiSy ndMoSy,a!mtnmcallly@m@pyn cabbsushfasom TCl ,

Portl and, 15 p@[ﬁﬁﬂ’iﬂe Wltsc&ﬂ\ﬁﬁfv‘é?%oty &idhfies) bly%%bi@enfy&hé ovved by t he
reaction with, ¢hlorine

t0 Cl accotdin e t eachi ngs
of QGu and BAEREHYVEY W'ﬁ#tﬁ et“,‘ﬁ ﬁs’ %‘ f‘l‘%@ 'I‘B%)“gﬁ} avai | abl e
from TCl, washcahovecompbunds. l@ﬂé@ﬂi@@f ﬂa@cmednatglaﬂ dmmlcbangaiﬂm abpsxtof Hu and
DesMar t eau (118190 Chehe %efé&&ﬁﬁétrﬁ@%nn%&l%@es@u&és% m, f distilled
PSEP' VL re Qng ﬂﬂéfu )C.W t h a]g ce der nitr, sphere 30
m (0.58 rmll ? Gl Ay WB’& Y‘B"n over a
period of 6 iblaclfhpreﬁamtﬂ:gSumP@arbotibleol«;ewalﬂcfmmrtkMMMlSsAe@rbcm, 30 nin. The
reaction m Xtmﬁ%emﬂﬁelgﬁ&hﬁﬂhé"é&n&&h‘g@oﬂan@foﬁ-l@% %cf%ﬁﬁ?%e%@i ion. The
pr oduct turnﬁcm I;l%y . washi, nglﬁ F‘J‘%‘? n%ﬂrvv?ter gn 00 e char
product was "P‘h‘ OrAgr AR, %’ﬁ aodf  Priyes @’é‘ﬁ? W%as xempved by
filt~taodoal throdbhelactyideofthinventichimaycohvenicatly be mhdechy dispgrsich avas

distilleqdsat d@olﬂﬁoxﬁ)ﬁﬁl polyiel cg’mﬁfrﬁmﬁ intda gbrﬂ;ﬂ&} sol\Jengalﬂ hixifg203 wexe added
at~d the conpo a%gcra]ent a second : auﬂl lbf g atlo t 40 45 C at 30
6. 9x10- 3 kPa P&E*8 electrqds acfiye pagicles: %ﬂ%@ 8% particlss- fSF- box filled with

ni trogen, 15.c4thodeblHe pmﬁenéc) eledtro@é-2H9e maftialliL NI} Gui; 3O vhereia T €ix,
Port | flask. 200m
inc. (Portland;y Qhﬁg?&)anw% 3,;3[ B%‘ﬁ“‘ég\,\% ten‘i [ﬁﬁ)t?z% m,tias

of anhydrous adetonitr, 0 rnnol ) of
anhydr ous KFMe§ecarbe ngm(:rf?eﬁ\ﬁe Forsr ampedergRd lighi g mrna!eeﬂoqv%@p ~E3 5
pr epar ed 2fls levestioradan\be fabricated bypdispevsingoor didskving nemerafdhe mventiont ur e was
stirred cad g4 9%%&&%})%} feRe EAPSHRAE LAY ntdnbhe, ‘f@llcﬁwed %d&n%@&kf on mxture

&Rld
\rlvgfmflleldt aelrngd Lo %6 oP elgcn%?le actfvle %1% Iﬂfai;fi éikfr{}.ﬁa&r %lloweq bx,depo\sll(tllln? tg | iﬁ gn\g{ €

2002 white radinion asbstate 2ad dgtingl I’jeferablwthe_@nhpommwtbaduwndb areprer-i de

74.9 g of pr%ik'&ito &rﬁt‘%aﬂai?eﬁrtéﬁjne%&er%h‘éx%ﬂit}ié‘yda:bﬁuied%fdﬂnaarnbydrOUS DMVE.
7.45 g ( g d tothe filtrate and the m xture
e.

n
was sSti rﬁgd §’°F‘85 “F°‘ﬁ”ﬁ%]t§’g5ﬁ] The mixtuze was filtered and the
resi due was was hedhwwmmadwﬁknahdbctﬂae will coimpeisdslettrodsadiive matefiag f | ash was

vacuom The foei s A e el el ew A et or i a1
cont ai ned rawéghgfa%ﬁlm?tfﬁr“ %Nfﬁ’q”ﬁ ‘EL‘SJ?@‘&V eprh 0 %ﬁfm 0 r~-~as

CF2= CFOCFZCF@]@QQIMMS@DM KpeiOo Efestrqde Metive Zmatagial ns’o@meppwﬂ aff) -83.7 ppm
1544 %12 3%5 IOFZWC'\%?_st pfeferably ﬁlere [T}anb bf loncxﬂ&ko Sleddat ackive maledial ié (F;PS é“:’“

- pp el ani zed water were
added to the%'}@’ E&ﬂﬂ%ﬁg? a@(@fﬁ Q‘f%ftcﬁrq’oﬁ E}%%&ﬂ? '6"%?' ni xt ure which
was stirred ﬁwer@llsrbﬂtwcamﬂ@ 1.0This ¢lpetode panr lm:aw&ommlmm 100 m
al'iquots of dhetdwltabid prmIJaﬁaﬁh natemrpoimharﬁaavwaec&eﬂbl nai and

hed thr GC tar ~ d t Th
et her was ov SPORciR A Gl pad e min g Mg et e BRHATS e ns
t ransf er 28d tau d’he electrade fitml thys prodneet] Icasﬂheﬂtﬁanmrmmteql into a multi-layer

electrochemical cell structure by lamination.
Battery solvents may be added to the battery component films individually
or added to the battery laminated cells using a variety of techniques known in the

14
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20 crude material underwent two shortpath distillaiions to obtain 50.6 g of
tlae acid product CF2=CFOCFZCF( CF3) OCF2CFZS4zN( ~SQZCF3. EXAMPLE 9 34,08 g
(59.26 mol) oan acid pzoduct sy~6esized as in Exanple 8 was2tiAagastvaud2i N
25 nml deionized water. 12L1 m of a 0.489N Li OH sol ution was ZS added. ~II|
wat er was re~rtoved under vacuuns and t'he residue was dried at 100 C fox
24 h. Yield was 34.09 g of Cf2~FOCF2C~' (CFg) OCFZCF2SO~N(Li)SOZCF3 19F- NVR
in D2,0: (8PYOOY4SM . 79 5 ppm 2F, -86.0 ppm 1F, -115.5 PEHUS®I4574117. 3

ppm 1F, -123. %m%&ﬁmmmﬁg ;?uﬂaérkmﬂﬁnoa&o«hﬁmaop smekwmmapaﬂal ysis:1l~
(2.45 % found' or.)) Li

(1.15% f ound, ‘f“%er ﬁ@“?@%?cf%%}mns (Pée%f’i% aggry/sgiy %ﬁ%@r ?qrmfng &chyfﬁeor ).
F. 7~AM LE to 3@nipositioguwith theisnpmetic iolymasofhe present invention spitablfori r ound

]pot t ngfF | ask. Likagdinllitihmaatieriés mémdaa@bxamﬁraqu@mﬂ sith ab the KR4Gan@nol )  of
use

The re tion m. I'E,‘d oom errperature
for 42 h. fys@? 7 G ponal xR0 il Lok, Sitdnes Suflmib@Omd STDor AL LTS
for 18h. 28.6 ghersi Beferred ;olmmmemtcacaxhasatmé@mms ueh as

uohect edvo3at i digyiédeaaiboRate %ﬁ'opyieﬂégarbon-ﬂféebdtﬂaﬁd dafidnies; VinyRn¥eabyRided to
r oom i enper at urt

~ ~tr~~.d tdf anglﬁyrgﬁzgtongﬁfuoro “%ﬁl°’°'§‘?*‘}&ﬂ*8$%¥°"‘é8?55"‘5!‘*&8%‘%&%‘ al | owi ng
excess ammni acathnneteamhasélmﬂvtmr@nam,dmhyl casbouaté, [dinsopwd caborateovsd under

rracuum The &?l%ﬂ@éb&f‘a?é ﬁféthy gfioﬁy'igaxﬁéﬁatéﬂmn%aﬂmafdﬂ gm The residue

was theytreat aee ril.e and.fjltered through a
paper filter i tl“ﬁghﬁ‘?af/c‘%%ate pgﬁ?l}yopr 4/\%[%%’3‘%? fethylene 2qdi ti onal

100 M of an hydrhmateauep)dmetcanbbmtc mmmomwnemmm omtlenatdsr acuuza
"as! de ¢ he 3%’8’???"‘5“ m"““‘m’“’ Pibplylattichat. bom pHAERUSt 2 L' pr epar od
xs izx Exanpl ‘7‘““&430 E"gF\%gB‘“iaf’F"? rﬂﬁylwcg’]&f’ﬂﬁ}%?’ Eaé‘f’f)ﬂ*: MM e, 10
14.8 g (495 rﬁﬂ’ﬁﬂtPSOfZOtOKiethﬂeﬁg@ﬂﬁmt&’%ompm@drbammere| nabove descrl bed
o s 18 kb o g gt
cooled to roonifi m@?ﬂﬂ;ﬁ'}r‘é aztﬁg” 6181{“ e’&fﬁﬁc Bngafﬁ’ﬂb? ®T7n powder wss
added to the fpepﬂmmadldlecm-wﬂmmgmupst LiB¥ 4 »i6idsEy, LiCl6q, IaSOghbm

h e excass. ke Rm‘ ha oroRRE pueliorfhatl e AOMIRRAVEE B et v
rcmovxl u @éﬁgﬂﬁ‘% %Wf‘%f‘fé%‘i/ ggea%;oﬁgé 5eOROUPT JREFP™ SO mi611 Fi
and t he prodrolﬂmexgmaB&lishotﬂnwsapbrﬂwmaafR2150 mlL et her. ?he

conbi ned orgarnle(s (IY.ER4)Q@(§ vmbmalﬁ@ 4% R§atE cpgeﬂ tobgiheP! vent was
evapor at edto yi.el d

el .short pat
CF2=CFOCF~CF( CREJreBoptD P@é&‘?ﬁgdd ?{?l ?m%?ssaﬁlyttﬁs‘:smmndl 11
| nside a dry trmxmresod thnlabgf'e sehisyRieforred are biligior LANSQpCFAddRd t o
C1S02( G-~4£302C1 (23p & pebferred eﬂbudIﬁx'eﬂLdf%tﬂﬂﬁ \of {hb prisdiy ﬂvaﬁtiimKEbét?eﬁ' t g 25
484 mml ). The S t|rr g} lfé{nrﬁ ggm llr‘"{é‘f Elu Je NVR showed
that for mat i orfsgémfﬁé%ogaﬁ%m Sepital el BRmed it fotinating hgethé, - The
reaction fl asla)xﬁhmfmaﬂmenbdgmﬁndmmdsepaaﬂonwmsmenscwsbemqampped with a
W h s, 81 g ( Lagatioh ol of AR haveteth Akorbit St pribh ol b %%’2@‘?‘2" | S50l ved
in 45 nl of 3§°§ﬁﬁ§g’f’5{}§ g(‘,’g?%cir?af“f"lcg’tﬂ(ﬁé@”sa”d‘gm %’ffslﬂﬁé“ FIPXBYe ehispensi on
from the aifdi tdthylengeshrbonate aml poepylend casborBicthelngumast prefegred.eact i on mi xt ~nce was
stirred and heated ﬁah&eﬁ@feahdaﬁboawmﬂmesmmﬁe sehtinfentids, the | t er ed,
and the residue wgis V)ﬁ g W th anh¥drou§ aeet |tr| E‘ﬂ Conbi ned filtrate
was evapor at edEiEp! RImIRyers consistng @ de¥eq at 90C for 18
hr. Yield was qompggn@dmdl\%iwwbl(mtpm{md@@@mlmsfommlng med by 19F
NVi |~ in CA3CNemp érﬂm&s%ms(os@?ﬁ)ms ﬁEQemdl&Qua'ilag&%'alré %&Q&mn%th@':) 10$. 2
ppna (CFZS_%Z g_ﬁfem& Battery solvemg Qun}x(as%x of e’thy? nl:barbona  and p%i)yﬂ:n{e CF2Crzs02,

s, 4F).
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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21 August 2002 A.baut 55 g of anhydrous anmmaoni a were condensed to 14.9S g
(28.1 nruol) of CF3SQZN(~) SO-C, CF~) SO2F so prepared. The presstue in the
flask was brought to 0.1 NIZ'a (1 at~n) with argon and the 2eAagustR00RXt ure
was allowed to warmup to roomtenperature over a period of 5 h. The excess
5 anmmoni a was all owed to escape. The beige residue was dried under

vacuur z~, az~d heated to bOC for 18 hr. Insi3e the dry-box, the product was
di ssol ved in 150 t ik may badéeble tsinasrsbrariifioitheelenddd ¢oniposition ofdhe vol atil es

CRasoni vi ( Ky SopPeatod ausiiptal BFplA e o AP LR R l5s Pt e D0°T I o

dry-box, 20.2 Qn(hag oéthnmpon;nt;mﬁmqfeormmcﬁeg sepregg poygurgl ingegriipfas i n

Ex?rzrgflg 7 We;e BSOz drpeatd Sercho hd&%ammﬂ g&ﬁﬂag&ﬁu@ﬁ@hﬁfﬁﬁrggl e to 12.7
nmm, Ze as Cr napove

gESCI’I bed. %gg 1’6@% %&ﬁn@%%ﬁyxcgwgm di ti'qﬁﬁ 8"!”' °} (121 tnnolj

of fused Kl ~ ﬁdimcmtotﬂx@merﬂoluhueﬁvxwmg}athedlec@dsMmfom orthadt 15

reaction mixt uea ﬁ ® & {28 Gthe @co&n@eséma‘mﬁghumogfmlhﬁ,aeroduct

%‘ﬁn

=

-

Cf 3S42N( K) S02( C CFZCF20C~ ) CF2pCFBr CF2Br. The product can
readily be deb Exanpl e 7. EXAD. t PLE 12 According to the
nmet hod of | ~anple 1, a 1 I|ter aut ocEXWAVBERS charged 20 with a sol ution of
12,8g(221 nmol ) of thelonlcllfh' psition of Exanple 9 in 400 g
dei oruud water, The solution was co é;ﬁssed and the reactor uns

charged withl 5 g (OHzesalifpamide EEFCFDCX;:CF@@EB) 265 PQANHS@4(F3d%| uti on was
br oUGht 10 6aCprepiredcscribed by DeéMirtesh (6.1 164,005 (1998) a6 Rho GBI Whi ch 20

m of a sol uti ol o PRk op BARMYIBIBRLH 8% dolvalta HAIRRLEGR vt er was

25 2edded oven a to 4
psi g after 16hby SimEnginsanequsselutippswiths b paubealens of tb@prbwrﬁz’épmﬂpm hel d was

2;]1- 9 gbof 1gs>p Bﬁm&mwwwwa& m&:e%mﬁpsawm mggel contfent as
snown al .anal ysl s:

H (1. 96% f oundt gimz?Dg'gB“%@e‘B&f deionized ?’a'f?s‘s&g?'éﬁﬂ‘g% 1"“‘2’%“7“3%%5{“’? D {51 04%
found, 55. 68. ~@t®@awehab¢ vsselds qleﬁedowm presavred t05590$@a(19§®ﬁ1))nttogmmt

(acet one- d6) : &t 18 aBoR BFC hktedib(Rida Oadylidans filiori g~ - 79.2 ppm
(m) -91.2 - @? aap?ln%%i?h 50 el g‘;; {11%5662 A. EX~r MPLE
13 35 0.$65 g ey ?5 3‘?‘%95%8?‘5 e ez%ege g%gl{’%n was stirred
for 12 h a20 r otslwionofpetessium persifate (98 m@ﬂeﬂw%bsaddpdomaﬂrﬂmmuwh The
sol vent was al jntsted. ABe=CabousPhcirs (i rehiving rersmisdemedﬁﬁp@é& uf | | m which

vas heated | n Sy RAs ﬁﬂ?wﬁ%&ﬁ?twﬁﬁmwgﬁthe&ﬁp@ﬁz M bocams

somewhat bri t t CE2CEOCRCR{GH )RR CRaSOMMS R EF pivpitsase witlte splid id4ntifidde

procedure of EypftihRind NMRSpdcimOVed, except the ionic conmononer 5 used
was 12. 80t%€ of CF2 FOCFZCF(%PS)OCF] i ) S0O2CF3 (from Exanpl e 9) and

t he quanti of vinylidene fluoride - The VF2-copol yner was
i sol ated by |yophi | mllfowl flupeide GRS CECIORE CH(GYa)OGF, CF3 803K, prep2®dhr t o
aH gr d the Y:c ?héjde\ﬂ&ﬁae y DeSMedteab DSt 5863 903’@1995) H&n@er@d@ihg?ﬁlﬁiént EFGL;;PL‘:““
B e s e |l Vo PR Cepotint wﬁ%&%ﬁé@ €749
theor,.), Li (prosahirsdnseribedby SVeddelhetsl. in Examp FU S Petentr5eS1d:493CH2 at 3. 60
ppm t9F NAR ( A596Y "Redtfbnt of this compourdPwith BRI In acefiblanBydridelat 30. 0 ppm
(series of M. g4 90oC affords the olefinic methide monomer

CF;=CFOCF;CF(CF3)OCF,CFySO,C(LIXS05CF3)y. This monomer (35.6 g,

0.05 mole) in 500 ml of deionized water is charged to a 1-liter vertical stirred

antoclave, The vessel is closed, twice pressured to 690 kPa (100 psi) nitrogen and

35  vented, cooled to about 5°C and evacuated. Vinylidene fluoride (50.0 g,

0.78 mol) 13 added, and the stirred (750 rpm) contents are heated to 60°C. A

solution of potassium persulfate (0.08 g in 20 m! water) is added over a 10 minute

imerval. After about 8 hours, the remaining pressure is vented and the aqueous
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-144.6 (sidechain CF). EXAM ~'LE 15 15 1.122 g of the iononer of Exanple 14
were dissolved in 70 mM acetone and heated to reflux for 12 h. After t he
solution was cooled to roomtenperature, it was poured into MR @’?‘l and
the solvent was allowed to evaporate slowmy, A clear filmwas eaSiTy peel ed
fromthe PFA dish and was dried in a vacuumoven at 1D0O C for 12 h.

Thi ckness was190 m croneters. 2U EXAMPI, 1, ~16 A 100 mL flask is charged

With 4.73 mmbhéibn idRaRiRed® deyRaviad a H,0F, aidmet hoxye]t hane
(20 ) o e ik A50u 408 iy Gl oo o

di met hoxyet | -idevdifiedby ite fludreNYRispeetminxt ure is filtered and 25 evaporat ed.

Fol | owi ng the net hod of Exarrple 7, %@?ﬂ% |s added to the reaction

m xture tqQ regenerate 0.5 raps of the

i onomer of° Exanpl e*‘iQP" h\‘?kgﬂp‘ﬂp ifisd “i%%“géq{% a spatul a
wish 0.5 grarﬁll@.imgmemmﬂomgoﬁPﬁEH\&hqnﬁmnmpcnﬂequuéouS@m\ﬂsE& and 9.5
nol -/ of the f i G@(ﬁ?ﬂi bed in USA
Pat ent No, b%Z%n%%%dﬁgg@w?naﬁgg]f al mxture et hyl ene
carbonat e ancPf W%%M&Fﬁ‘@ @é@@%ﬂ ﬂsﬁﬁﬁﬂ‘l&r‘%e from EM

I ndustries). tEﬁﬁdﬂmedtteuanmotﬂorom walsa&mﬂmmﬂmemmtrmpen&oa seal ed

gl ass vi al I xture 35
Peaur t od om0 HRRSEE R BV Bl sl plfBhd *%f%&émgﬁfé‘“%aﬁ el of the gel
was removed fwight mn@xagxcmwaploammtpm nﬂthdlsélﬁe‘éWQf%f Kapt ony
pol ynmi de fi | nTHelPedReidwas evdduithE sgtatzbm wiRt ens of a
Carver 24 02 n|t Model
#3912 pr ehea%ﬁ@%ﬁ%@éd gﬁff éga@%ﬂg?b‘é ﬁm % am f oxce.
The f Imt hatabp’é%%nﬂpmlwmeﬁﬂl@a@ )Mﬂﬂrhd&mﬂlmd%@sﬂggmt@(uzr aeters
(1452 4.7 ISPTJID'ENOIrﬁnI Wdékﬁi%ﬁ%i‘aqu%th ocs@ﬁiuah ; t@m%,esmﬁl)%ywdedt al.g0 CEW b]y
cry nmenbr is ho ut..usj,ng a knife
and t hen test‘ﬁ’gr p?rhoé. %ﬁ%@rﬁ g’ g@&é@ﬁwaﬁ&% ol vent
upt ake was ncﬁ@ﬂr:aﬂfl Z@@bﬁ@tb@te@!mhmmdmwm&rm@mﬂmddm of ~ he f
was punched {1 itor il cocliad & veaed “’?ﬁ?ﬁ“%’ﬂe@;‘ﬁ“ﬁﬁwh@%pifiﬁfn
mer ubr ane as lﬁ%‘?"éﬁ %%%@%BP?%%WW@WM é’aﬁﬂ%@b fol | owi ng
mat eri al §W®ﬂmzdghbmunﬁptmddytomw swfactarB4 After ajt drgingj polymeart sxde a gl ove
box under a Qymkwhi A% 3 0HRE ?&%;Ato o%ﬂ[f‘iﬂé“%?or ﬁt&’é\,\{ynar Fl ex’

2801 polyrri | dene flu r of the
i onomer o F~Bayéé % ﬁ“ﬁ%qgﬁ g% t%)(%&%m?g% R) Meflistries.
1.625 grams (t8-% {m'sh- Iﬂhcsdpéfseﬁbswém)oﬂ%()au&iﬁmg) €143@(bdah. 5 5 grans

(22 W% of RohsidteywitiaholUVAPSEPVEE 0505, quAeubbhﬂnﬁ

s na- b e HS i bl v s Eﬁ@@@i dkr, “model

CS-194 ExtrusTganG?ﬁadltlons were as follows: Rotor tenperature: 1106 Header

tenperature: 110C fGpgp El%%eﬁ'mtﬂ}ﬁﬂgﬁ‘dntrﬂg %%@%@n{b ] speed; 192
We with ;“S?dawetbsnceﬁ%é@neﬁ %hmér@eéﬁi;@ ral) g e x;xxa? Surged
with dry nit rogioms. Radnﬂngemmtutopmbnmbmm@rmaimml\gas

mel t - progpcd HehiiBe Wat bin é@tsgbmﬂffmpw @&T%OX x:;ng and 88 N

('"x0 klbs) r orce’i O nitryv ur | owad. by
cool i ng and r@iﬁ%‘%ﬁ?gb s "?g‘?ﬁﬁ?‘? I('nQ’BD dr’HPE‘T’n‘retrcs (5
re.~il) tl ucl@mwmxthﬁahne@&rmnﬂnlomnu@lﬂomﬂ&emﬂnmmsuga&foched out of

the ~Im so fﬂr]ﬁc%flgh tilmedeP g:(e ﬂ?sgmg@ﬁé bdsERially Fi‘é as
&850

her ei nabove descri rs to an clcctrol S~te

e eac r
sol uti on conpffegwdsion °€LV\@£ hgropps.t 23‘0‘-11’5 teri3) (‘Pn#ﬂ%‘%n in 2-4
znl of saisut idifferesit lmestapd o5l SOF fens a187ﬂ0)§1 LoX.®t0 96/ 6 evith @) ér. intensity

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- a1-117.9 (combined
a=5.206), -123 to ~128 (bd m, a= 1.543), -145.8 (m, a= 1.011). Integration is



The so-treated cathode and separator filmwere assenbled into sire Z325
coin cells with 3 layers of 102 mcroincters (4 m'l) thick lithiumnetal as

the ZS ~~; 1 ~~?2~~~"J~i ~ SN~' ~ | 21 August 2002 negative eRtéugugt200@he
coin cell was cycled ar the S rate for bath charge and di scharge at nom
tenperature between the voltage limts of ~ ~ V and 2.8 V. Capacity duri~

the fin;t charge for the LiCoQ2 cathoda w-xs 1 2 whi | e capacity
for the firstCcompisenwiged faeolielip-gicyanomeudefomm %Q%BP’PF‘W of 55. 2io.

Capacity on tm&mandx@mmawmﬂa%ﬂolmeﬁbwmndndﬂnexe@wpmeaé achi eved

nearly 100 cy 0,0f ?M;ll\l EET 21
August 2002 5§17 %‘g‘gfcg}dr%&”%?&il °fk% d“%%%h{%‘mréﬁl I onomer) ~conpri sing
nonomer uni ts(agétom-@lwaam@ccmdwrh@@demethfrmthmm@lswﬂfplp r-powd ol % of
mononer ung t pendant groups conprising the radical represented by

theforrrula- alCF2( CFR Z).C erein Rand R are
|ndependently sel $9u§ fiergexc 8&3(5%%%%%%%%1 B85 10 having 1 to
10 car bon at op®caintd. mdblgsambﬁkhméﬂﬂb@mnéﬂ@mmrmdaewméws a =0,
1 or 2; b= QOhébmlw%&éoﬁmﬂn?ES%Lqﬂlﬁf'ﬂ'sﬁ%dfﬂ?tl% eous>fa wssor Nwlth

the proviso t Y

and Z are el eS%pgad: @Wﬁr’l&’i&dr’?@‘h@n é?‘@(!'t‘wgﬁs"ﬁ% |51 tléLl ~T
of CN, SOER , adddoRDf nfetkandIPRB ml). m&asm@maphﬁemmm and

cycl oal | cenyl al kyl gro
o?‘/ 1-10 car%on@fWon%ﬁ%gsé%sﬁwégﬁﬁﬂphiur@eﬁli&?'n?row?ggwaoxyéeng R3
is an al kyl gﬁﬁﬁ’ﬁgoﬂlﬁs"hé“@&MQ%‘btW&‘ﬂW?“SUB@PkPE@@GnWEhﬁ one’ or m)re
20 et her Oxygef&l&entwowwhet&nwpw&ﬁlsemwmiaﬁddhmmb&m&w@ed, Y and Z

sre the same n-w t hdraw n
gr oup represeg"ll')edg‘l Eﬂﬁ? ﬁﬁ%@%ﬁﬁefb\ﬂ#& Wgﬁw@edﬁéﬁl repr esent gd
by the fol-"nméﬁmpmasg@mmmpwlmermowome@amdmaﬂbﬁmml s -CnFz, -
and R-" is 25cur%&&liﬁu.%@f%na@nﬂbné&mﬂmm@ﬂﬁlcﬁsmmbﬁé fewilegl wiidh one or

Tor e eUNer 00D ecrRa bf il bt o, A3 aLL P GRVBS R e £ SNt o0

hr, to provxde 4.0 g of solid. IR (thin ﬁlm) exhibited band at 2205 cm-1 assigned
to CN stretch.
20 1H NMR. was congistent with one ethylene carbonate molecule/polymer-
bound Li ion. ICP showed that exchange of Li for Na was essentially complete.
DSC: peak melting temperamre = 160.6° (15.8 J/g).
EXAMPLE 4
In the present example, a small molecule reaction is presented as an analog
25  to the formation of a cyano-substituted methide ionomer. A mixture of
dimethoxyethane (30 ml), nonaflucrobutane 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
30 18 br., filtered through glass fiber paper, and evaporated to provide 1.63 g of
yellow solid. Crude product was recrystallized by dissolution in a minimal
volume of tetrabydrofiran 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 em*! and 2195 em-! assigned to CN stretching bands. 19F NMR (THF-d8):
35 -80.93 (m, a=27.3), -113.6 (m, 2=17.6), -120,7 (m, 2=18.8), -125.8 (m, a=18.7),
consistent with CF;CF,CFsCF,S0,C(CN),Na
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CF2=Cf - (OCF2CFRI aUCF2( CFR ) bSQ2C- (Mt) YZ (il] wherein R and R are

I ndependently selected fromF, O or a perfluoroallryl group having 1 to 10
carbon atons optionally substituted with one or nore ether2bAugusts20025 a =
0, 1 or 2; b=Cxo06; Mr is H+ or a univalent netal ration; Yis CNand Zis
an el ectron-w thdraw ng group selected fmmthe group consisting of CN.

SQZR3, P(O) (OR3h, O 7zR3) P(OR3Z, C(ORD C(OR3, and 2T pM ~~~~~ , HEET
21 August 2002 cycl oai kenyl group 5therevv|th wherein R~ is a
perfluoroal kyl group of 1-10 carb substituted with one or

nore ether oxygehsthe mesmt examply, MFR/THES “(S’P"I“’G"E&P‘E)‘f?ﬁé Wefonal Iy
substi t ut ed ;Mikh dRpSoRetiBY derivbthel A03000ahiask evas alfargedyvitigr oup optional Iy

furth b f th

conpri s ﬁgﬁf?a##ﬁ%om@ﬁ B 4 3 iR SR FTR iRl | 1, PrOCCosS
range of 50- Im@nla Wﬂm@dn&ﬁe&ﬁgs ﬂgmm}rerasaﬂdpd éﬂdﬁewmﬁ"@éne f1uoride
and 2-50 mD rmtﬂlét(ﬁ nsgwwm@maﬂmats@rsmmnml U

cre-ce ol o@'ﬁme@ b P8 BB AP EC ot Py S BRT W BRF D00 2 o

optionally mbedmt&:dmpleﬂmndmsoonsmtnnewahhanplebeygmor@ﬁs%f 1 or Z and b
-- 0 to 6; ?“%@ a car bani on derived froma methyl ene 15 conpound

represeztte for and are e onwi t hdr aw ng
groups 48l ected pP ﬁ:l?;‘“z’ﬁdg'ﬁﬁﬁ P‘i‘fgthBP Rﬁf&*ﬂz’@b’?ﬁW@cﬁﬂe P(O) ( OR3~)
\%JZRB P{Rg) Eﬁﬁeneqmdf)fvﬁggfgaf;mﬁﬂ sol{.%waﬁattdnectyd b}gﬁmpmmmwdlctf her ewi t h)
erein ki PR iveht 81 Nc%‘é?fc Mpnal ly

substituted WI one er oxyge ¥ oup of 1-6
carbons, zO(@MSQARF Id}mMﬂhﬂﬂséﬂaW gﬁ%‘)ﬁggﬁﬂf"e“@“@ 69( ens or an
aryl grOUD aaanartaiznx DSCt pedk mellisg teinpentire and33he(bd.f1¥).and Z may be

ei t her e sane or different to f gzgctlon m xture; reacting said

reaction™m xture until the desire conver5| on has been achi eved;
and, renoving théOtmmoﬁﬁmean@rgamlrmprQﬁﬁxamp 3 wasgnigedwithf or making a

Imethl ge corrwgrgmgafgrbpﬂajmﬂ,&h ﬁaﬁ@smmuﬂges,saaaipﬁt)mgmtma&rt organ:jcb
iquid at a rature in the s presented by
t he fornmul awsﬂtﬁ a?ﬁ%%?é%oy-%g%gl& %ggg'l% él&?déei is Br or
d, R and Rrecbz@rmwp&befeeﬂwys@@km%a 297G with 1312 N (3 KIbpessswér oal kyl
grogp haei ggm"n,fa.@ai&r!;I@ﬂiiﬁticﬂﬁwmdemwzllrewmﬁdcﬁa@ld@ebof)tdgiveﬁa }Mth Ft

cxr bani on vV t et ormul a
CH2YZ wher ei pﬁﬁgrﬁ e%{rpa@g&ﬁﬁtx gﬁﬁﬁ%w néﬁg{r oups g&rec?hggf rom t he

n

group cansi sﬁuna@smﬂasmmmdmledm@ﬂf

X 0]2 :?t A0 Fiiomae@h bels @Bt HmiGEDARSr i@ ta Hek rhhﬁchwa?le sthgr ei nt ng It ts a
per f | uur oa otte or
nore et her o gf%@% §°’g&°‘é‘ﬁ q%%ﬁ%ﬁﬁ;“d%d%m%n' “dnrs‘%ggﬂu onal |y
substi t &ed twﬂt H¥htS/em. nore et her oxygens or an aryl group optionally

further substi t Utabcor Wmpleaif el S m¥mBRde Fasityméeeddhioh@iextdseofsmlre or
different) 4o SR SihE8ct el Slvdhsie (A0, Bt HAMRTES Selbipusy anb
gamma-butyrolactone (GBL, E.M. Industries, Selectipur) for 30 minutes at room
temperature. At the end of this period, the membrane sample was removed and
30 blotted dry and its weight and jonic 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 fonic conductivity was
1.67x10-3 Slem.
A third sample of this membrane was immersed into an excess of a 1.0 M
55  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/em.
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21 August 2002 reacting said reaction mxture until the desired degree of
convexsi an has been achi eved; anal, renoving bulk of said organic ligquid. "
5. A grocers for form ng an |onorrer) the process conprisi néft gﬁwtrﬂoﬂ in am
aqueous reaction nmediumvinylidene fluoride with an ionic 5 nononer
represented by the fornula CFZ = GF- (OCFzCFR) aOCF~( CFR~bS0~2X- (M ~) (Y)1 ~) ¢
whorein 10 R and R ara independently selocted fromF) O or a

perluoroal I cyl gxoup haw ng 1 t cEXAMPIESdRIGt ons optidnaily substituted

\tljm.nitCaloreﬁt O;retrrgtlr e}na{llg%r?"%ﬁg %afgnaﬂgérgﬁag%%gé %wyso a‘t)m{nle’orv\ﬁen Xis G

and ¢ = 0 \/\mwh&'o‘edaﬁouwas@Wn@C(Ql mvﬁhHeWJaTe@)é\faé&ﬂ‘% WWR@‘P& ng groups

ccles! od L e o oBe bLE Chor o h
an cl o U er ew

wher ei n ‘%é‘?f“& P‘FV?f&PCéB \PRIYGR 445 B ?(9 a%snfé ﬂclgpgeﬁié)‘%%h?g%al ly

subst |ht ut ed fiint hl@dmahOhemm@mmwmdnggmggmdlBIBWItBa#Ecgznd . hyl hdY and L

are the sang,Qfoafite ﬁ%och?{n cﬁgB viaaNd K6redth aﬁ&tﬁxgaemet raw ng

roup represent | a e t he |ad| oel

?eprgsenltoed dgy b ﬁ?ﬁlﬂﬁﬂd’ ?&-&‘@5‘2 ‘h@f’ﬁ‘%ﬁ?‘ Y59 or 1, and

RE" is - CnFsublmeHﬂRnéent&O@E‘E&afmlemagenml bathtempetanp:zpﬁﬁﬂfgldnﬁ asubstituted by

one or re 95? I ﬁﬁféhhé}ﬂ i ntroducing a fine
radi cal ni:bnl t %&Oﬁéym?ﬁmﬁﬁﬁcg zrnte(glcs?‘ro m xt ur.e to an ionomer having
a nelting pdﬁlgmt@mme‘wa%# Ypnd aetivatedvithrigel 4"6??6%’&“’6?“@ im1l or the
conposi ddn Qfodelidesn 2 wherein M- is an alkali metal ration. Z. The process

of Claim 3.4 opgdeyeiely %%@m%@m@sm%ﬁyaos 35 S, the

I ononer or co mG-tJ.olL 9.
The prooess ((b?rg) auwmmmmdprwms KCFa)eka ovaliable SopoFCh Borglansd,

;)' ~oE| t1I Sgnmoan,ww/&onvertcd %NE@{SFZ)WMHOJM thepragfonwittCl V\Iﬁ |e rr? (1: (ir ; Eg
RO Sron oripe i i KGR, SOR abeoifly i the thadtiig 3F i

Burton (J, Fluorine Chem., 60 (1993) 93-100). C4Fql, available from TCI, was

converted to, C4FgSO,Cl according to the teachings of Hu and DesMartea

(Inorg.Chem. 32 (1993) 5007.

20 EXAMPLE7
248.0 g (0.556 mol) of distilled PSEPVE were cooled to 0°C with an ice

bath. Under 2 nitrogen atmosphere, 30 ml (0.582 mol) Br; were added dropwise

with an addition funnel over a period of 6 h. The orange color of excess bromine

persisted for 30 min. The reaction mixture was washed with 100 ml of 2 5%

25 NaHSO3 solution. The product turned milky, After washing with 100 ml water
twice, the clear product was dried with NaySO4 over night. The drying reagent
was removed by filtration through & glass frit. The colorless, clear liquid was
distilled at 40-45 °C at 6.9x10-3 kP2 (10-3 Torr). 1.5 g of P;O4 were added and
the compound underwent a second vacuum distillation at 40-45 °C at

30 6.9x10-3 kPa (10-3 Torr). Yield was 312.1¢. '

Inside a dry-box filled with nitrogen, 15.4g (104 mmol) of CF3SO;NH;
obtained from TCI, Inc.(Portiand, Oregon) were placed in a 500 ml round bottom
flask. 200ml of anhydrous acetonitrile were 2dded followed by 29.6 g (509.7
mmol) of anhydrous KF. 69.43 g (114.6 mmol) of the dried brominated PSEPVE

35 prepared as hereinabove described were added. The reaction mixture was stirred
and slowly beated 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

20 .
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11. The Process of Clains 3 or 4 wherein Y and Z are -CN or -CQZC2H5. 5 12.
The process of Cdaim5 wherein Y and Z are -CN or -CQOZCH3 when c=l) and Y -
is -SOzCF3 ar Yis -SU2C2115 when c=0. 13. The iononer or c@iphsgust@00f
Claim5 wherein Ris trifluoronethyl, R is F, a =1, and b=1. 14. The
process of Caim7 wherein Ris trifluoronethyl) R is F, a =1, 10 and b=1.
15. The ionones of CQaim1l characterized by a nelting point greater than or
equal to 150@hitd fesidée wandhiedtat V1S5 *Cdopiish widenvacowpto piowige 70 g afhomer of C aim
1 and a |i qu'glq,d{l&_i hi bed therewithin. 15 17. A nelt processible conductive
conposition tonprising the ignoner, of Claiml and a liquid imbibed
therewithin. | 8. Thefaatees 3 diseaivedinil 09 Q?Mﬁ@ilﬁ% t®hgentration of ionic
mononer uni t g108Smdol) 6f Zr2pdwder WerelAdedlioahs filaaw@Rnd the nikrdWvds dtitreihe form of a

filmor sheet. .20 . Jhe i onongr Cl al rt,her _cQnprisin pto 30
ol 06 of 3 gt 4 8t ke EdbetaRBE TPle Bt Abd Btk ot 6 e SERRURS VA L
consi sting oWithedditienal3f wéofantydrous BMFor ot ri f1 il or oet hyl ene, ethyl ene,
iyl i dene. chpor g sk wa; UAGER o8 dry b3 bnd bRt 8 volbLRY e RO
vinyli | u Y Vi S oSF2=

where Rg = C?R}OVegﬁ%degVﬂ%“Cﬁ%? ?Wﬁwﬁaﬂgr‘mﬂm&éﬁ%ﬁlﬁ rein the
addi ti onal nhemeterigiviontinad wacee bEDMF 1FF-DIMR ireCD5 N shovestsths piodgctof

tetrafl uggoe , 1 o 1 or oal kyl vi nyl
et hers. g% %Q%b? noFrrer gr}t%glg%ﬁ%t%re?@g?%e@% r’llg%g ﬁ%%%}ghi c pol yner
30 bl ended t Her83w PR 55 - RPgH SFen 1 &P PRms iy 131 QpmicliFa - 138 non- i oni ¢
pol ynmer is sppclkdl442ppm)he group consisting of poly(tetratluoracthyl ene)

and copol yners thereof w th hexafl gy "rL%yl ene or perfluoroal scyl vinyl
et hers, poly(vlnylidene fluoride ryner and a copol ynmer thereof with

hexaf | uor opr opy| b, g Hidicopa, WQ‘H&#\‘MWF‘YWPMWD#@ oxi de, and

pol yvi nyl5 chprodictey Exadple Ifﬁmiﬁ@@mwﬁﬂﬁi;ﬁdnli& Mxﬁ%@dﬂ@%n%‘éf&ﬁ'nﬁiﬂgp\ t

i norgani ¢ pa . wl [~ ) ~ ugus

2002 25. The%%’%?n@’%#@%@r@%ﬁ%ﬁﬁﬁﬁgﬁlcfyk‘f&r ﬁ‘ecl es are

silica part i dietyl etherfractians wegrecombined and washed theeedtimestwithefesht 198ml1. 0

i prﬁ{retfrtshalic%ms%:fhﬁegz@m. ths&t&?wssrbthﬂd&%fauﬁtm&&etlg 50%Gby_ 17

wei ght o otal, 25. . conduct i ve. conpositi.on i or Jaim
‘xg: aln}d:?ﬁ tefo%':sxogvg? WM&%?‘EO& ml foend got%m:ﬁask.q[%c TOWnR,

wherein the
20

crude moaterial underwent two shortpath distillations to obtain 50.6 g of the acid
product CFy=CFOCF,CF(CF3)O0CF,CF2SONH)S0,CF3.
EXAMPLE 9
34.08 g (59.26 mmol) of an acid product synthesized as in Example 8 was
dissolved in 25 ml deionized water. 121.1 m! of a 0.489N LiOH solution was
25  added. All water was reraoved under vacuum and the residue was dried at 100° C
for 24 h. Yield was 34.09 g of CFp=CFOCF,CF (CF3)
OCF,CF,80,N(Li)S0,CF3 19F-NMR in DyO: (8F, -77.8 - -79.5 ppm; 2F, -36.0
ppm; 1F, -115.5 ppm; 2F, -117.3 ppm: 1F, -123.4 ppm; 1F, -137.7 ppm; 1F,
-146.1 ppm); elemental analysis: N (2.45 % found, 2.41% theor.), F (49.43%
30 found, 52.31% theor.), Li (1.15% found, 1.19% theor.), S (10.83% found, 11.03%
theor.).
EXAMPLE 10
30.0 g (94.2 mumol) of C4FgSO,Cl were placed in 2 250 m] round bottom
flask. 125 ml of anhydrous acetonitrile and 55.1 g (948 mmol) of firsed KF was
35 added. The reaction mixture was stirred at room temperature for 42 h. All
volatiles were removed and the residus was heated at 80° C for 18h. 78.6 g (4.62
mol) anhydrous ammonia wes added to the collected volatile fraction at -196°C.
The reaction mixture was wartned {o room temperature under an inert argon
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27. The conductive conposition of Caim26 wherein the liquid is selected
fromthe group consisting of water or nethanol. 28. 1'he conhductive
conposition of laim16 or Caim17 wherein the liquid is &hAugush2002
liguad. |la 2~. The conductive conposition of Claim16 or Claim1? wherein
the liquid is selected fromthe group c:or~isting of organic carbonates and
m xtures thereof. 30. The conductive conposition of Caim29 wherein the

liquidis a mﬁsgm ﬂfovﬂh piicenammunimnateposcoatnibiia il wlitded weead sel ect ed
[rom i he gr oubock2q GRR BIRR LS e &AL 9Tk o GRMEFRphtky T Of act one,

di met hyl car Onat e %ct'ﬂ t]géf carb%daéﬂe an 31. The

rbopat e.
conducti ve corrposﬁlﬂ#ﬁdt}? wEy ﬂiﬁ?ﬁf W@W&@P@ct ed fromthe
g][ OUOD consi Sﬁlt@ﬂ%%e@ghfaéaﬁhrﬂ&?ﬁis%mWbo&aﬁdsdﬁwmmmmon})os| tion
0 aim ng a r 0OpOr CLL nsul ating
pol ymer fi mg!mié@)ge??ﬁﬂﬂh“&ﬂ‘és %F‘@P‘&E‘Sr@@e%?"fﬂﬁ"% gﬂg“g&# s i mbi bed.
33. An el ect nradmnmndmhazesxdgamsdnhhsedﬁﬂ&eﬂ%W@e(w&TW)wrwddr| al and the
conductive ngp(g?rt ion of aim 16 or CI aim17. 34. The electrode of Claim
33 wherein RTS tFifluoro onet hyl |}/|+fj 5Iitqgi:$£g&%tioa, t he
nol ar concentr at | é‘ﬁ@ﬂhﬁmbpbﬁw@gé%amﬁ°b‘?mﬁ i isin the
range of 3-13rdpatedi uﬁmdmlvamuydlvbdusﬁmlddnﬁ.mwétmgﬂqup of organic
car bo_nat 8 aqggrgé%%r&éolt)mﬁﬁg@ﬁf: @ \ﬁg{:ﬁ%ﬁ% eges%hﬂéﬁ% further
conpri si carbcoh er e ratl o 0 r tQ electrode
active naterlaéﬂedbg’ll?w@\kléﬂ“@-d@}g%?ﬂ@@ a4°BODf car bon
bl.ack to el e%xk@ﬁ@wmﬁmwalfoﬂ%}bwmu&ﬁibmﬁadm@c&lediﬁ An

ol actrodo, o e PR PR ARERE S35 A, o AT s e e

el ect r odes, aﬁimtamﬂmammewsi:grednmmummatmfmﬁfsm@e 'IThGad or
sour Cet \rqhgr e'xaacasn v&ﬁﬁeaédté%ot@mqsaum%sgsszﬂmmr# he;eseparl at o )

e ca oe an e anade npriscs the | Mer,, 0 ai m
~~ °“"f @i‘@ m‘g% g““%ﬁeﬁ“é@[ ABEREY al cel | of
Cl ai m 36 furtbaducommea@dnghamhrd] ﬁ@@b@&mmmagﬁbwh&ﬂnm sting of
organi ¢ car boraidas of1¥h 1l ethed! ?Eeéd%?d‘xﬁ&&fmgéniﬁa&ér%k%&lﬂ&%thlmblnbed in the

31A ~a~ ~~~ A
ARCLoAT A Apstecsdgtifge Solysat s SpeEneSis Aty Wnﬁ%@&%m%% p2. 9. AR
"A 9r . AL 20 AR CR3EEFQOR CF(CF3)OCF,CF,SO0,N(H)SO,CFo, as confirmed by 19F

NMR.

)

EXAMPLE 11
Inside a dry box, 200 ml of anhydrous acetonitrile was added to
C1S0,(CF4)4S05Cl (23.1 g, 57.9 mmol) together with anhydrous KF (28.1 g,

25 484 mmol). The mixtuxe was stirred at xoom temperature. Fluorine NMR showed
that formation of the disulfonyl fluctide was complete after 17 h. The reaction
flask, maintained under inert atmosphare, was equipped with a reflux and an
addition funnel. The mixiure was heated to 80°C and treated with 5.31 g
(100 mmol) of KF. 4.33 g (29.1 mmol) of CF3SO,NH, dissolved in 435 ml of

30 anhydrous acetonitrile was added to the stirred suspension from the addition
funnel over a period of 6.5 hours. The reaction mixture was stirred and heated for
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

35  CF3S0N(KISOx(CF,);SO,F as confirmed by 19F NMR in CD3CN: 44.9 ppm
(SO?F, 5, 1F), -80.6 ppm (CF3S02, 5, 3F), ~108.2 ppm (CF2S02, 5, 2F),

-114.2 ppm (CF2802, s, 2F), -120.7 ppm (CF2CF2802, s, 4F).
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E E13
35 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

was allowed to evaporate slowly to provide a copolymer film which was peeled
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!N F109%& o) - anRIy QY1 (2.06% ThA4E2.18% theor.), N (1.78 % found, 0.74% theor.), Li

(0.32% found, 0.37% theor.). '"H NMR (acetone-d6): CH2 at 3.60 ppm.

19F NMR (acetone-d6): -77.2 - -79.2 ppm (m), -91.2 - -130.0 ppm (series of m),

-144.6 (sidechain CF).
EXAMPLE 15
i5 1.122 g of the ionomer of Example 14 were dissolved in 70 ml acetone and

heated to reflux for 12 h. Afier the solution was cooled to room temperature, it
was poured into a PFA dish and the solvent was allowed to evaporate slowly, A
clear film was easily peeled from the PFA dish and was dried in a vacuum oven at
100 °C for 12 h. Thickness was190 micrometers.
20 X LE 16
A 100 ml flask is charged with 4.73 mmol of the Bromine Protected
PSEPVE of Example 7, dimethoxyethane (20 ml), and lithium hydride (0.075 g,
9.5 mequiv.) The mixture is cooled to ca. ~20°C, then stirred while malononitrile
is added as a solution in dimethoxyethane. After 18 hr, the mixture is filtered and
25 evaporated. Following the method of Example 7, Zn powder is added to the
reaction mixture to regenerate the olefinic bond.
EXAMPLE 7
0.50 grams of the ionomer of Example 14 were mixed in powder form at
120°C using a spatula with 0.5 grams of an ionomer comprising monomer units of
30  VF2and 9.5 mol-% of the lithium sulfonate form of PSEPVE prepared as
described in USA Patent No. 6,025,092 and 2.0 grams of a 1:1 by volume
mixture of ethylene carbonate and gamma-butyrolactone, both reagents Selectipur
grade from EM Industries). The mixture so formed was heated under nitrogen in a
sealed glass vial to 100°C for several hours until a homogenous, clear mixture
35 resulted. This mixture was then cooled to form a gel. About 0.5g of the gel was
removed from the glass vial and placed between two sheets of Kapton® polymide
film (DuPont) and the combination placed between the platens of a Carver

i
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arbo
b S A L1 oA ik of i il (27151
10%uvu& ()-210% u& ()-I | Flﬁ%gamn‘& Kupy&ﬁ%ﬂﬁ%ﬂ&‘ﬂ(&l&ﬁphr@id&{w%%‘ ()-3+
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109! - % 3 ’}’ge/gxsx%mg orm Lo asgf lotkc fee t{lrga%og 2 CSI1 glax extruder, model

CS-194 Extrusion conditions were as follows:

Rotor temperature: 110°C

Header temperature: 110°C

Gap between rotor and header: 0.13em
25 Rotor speed: 192 ipm.

The thus melt-compounded material was extruded through a circular die with a
diameter of 032 cm, and was collected in a glass jar purged with dry nitrogen.
A 1.0 gram quantity of the extrudate was was meli-pressed between the
platens of the Carver press at 110°C and 88 N (20 kibs) ram force inside a
30  nitrogen-purged glove box, followed by cooling and release of pressure thereby
forming a film of 127 micrometers (5 mil) thickness. A 12 mm diameter circular
specimen was punched out of 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
35 1:1 EC/GBL by immersion in 2-4 m} of solution in a sealed glass vial for two
hows.
The so-treated cathode and separator film were assembled into size 2325
coin cells with 3 Jayers of 102 micrometers (4 mil) thick lithium metal as the
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and R’ are independently selected from F, Cl or a perfluoroalkyl group

10 having 1 to 10 carbon atoms optionally substituted by one or more ether oxygens:
a=0,10r2;
b=0to6;
M~ is H* or a univalent metal cation; X is C or N with the proviso that c=1
when X is C and ¢ = 0 when Xis N;

15 whenc=1,Y and Z are electron-withdrawing groups selected from the group
consisting of CN, SO,Ry, SO,R3, P(O)(OR3),, CO,R3, P(O)R3,, C(O)R:C(O)R3,
and cycloalkenyl groups fonned therewith wherein Ry is a perfluorcalkyl group of
1-10 carbons optionally substituted with one or more ether oxygens;

R3 is an alkyl group of 1-6 carbons optionaily substituted with one or more

20  cther 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,Ry where Ry is the radical represented by the formula
~(R{"SO;N-(M1)SO2), R where m =0 or 1, and Ry¢" is -CFpy— and R¢" is

25  -CpFane where n=1-10, optionally substituted with one or more ether oxygens.

2. An ethylenically unsaturated composition represented by the
formula -
CFy=CF—(OCF,CFR),OCF5(CFR'),S0,C-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=0,10r2;

b=0106;

Mt is H or a univalent metal cation;

Y is CN and Z is an electron-withdrawing group selected from the group
consisting of CN, SO,R3, P(0)(OR3),, CO4R3, P(O)R3;, C(O)R; C(O)R3, and
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10%& () - R CF,=CF(OCF,CFR),0CF,(CFR),SO5F (If1)

wherein R and R’ are independently selected from F, Cl or a perfluoroalky! group
having 1 to 10 carbon atoms optionally substituted with one or morc cther
oxygens, a =0, J or 2, and b = 0 to 6; with a carbanion derived from a methylene

15 compound representicd by the formula CH;YZ wherein Y and Z are electron-
withdrawing groups selected from the group consisting of CN, SO,R¢ ,SO,R3,
P(O)(OR3),, CO,R3, P(O)R3,, C(O)R; C(O)R3, and cycloalkeny! groups formed
therewith, wherein Ry is a perfluoroalkyl group of 1-10 carbons, optionally
substitutcd with one or more ether oxygens, R3 is an alkyl group of 1-6 carbons,

20 optionally substituted with one or more ether oxygens or an aryl group optionally
further substituted; and wherein Y and Z may be either the same or different to
form a reaction mixture; reacting said reaction mixture until the desired degree of
conversion has been achieved; and, removing the bulk of said organic liquid.

4, A process for making a methide composition the process

25  comprising, combining an inert organic liquid at a temperature in the range of

0-100°C a composition represented by the formula

CF,A~~CFA(OCF,CFR),OCF5(CFR"),SO,F )

30  wherein A is Br or Cl, R and R' are independently sclected from F, Cl ora
perfluoroalky! group having 1 to 10 carbon atoms, a=0,1or2, and b=01t0 6;
with a carbanion derived from a methylene corapound represented by the formula
CH,YZ wherein Y and Z are electron-withdrawing groups selected from the
group consisting of CN, SO;Ry, SO,R3, P(O)(OR3),, CO,R3, P(O)R3,,

35 C(O)R{C(O)R3, and cycloalkenyl groups formed therewith, wherein Ryis a
perfluvroalky! 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;

40 ;
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1 0S 10%&' () -oxygens;
a=0,1lor2;
b=0%06;
15 M+ is H* or a upivalent metal cation;

X is C or N with the proviso that ¢ =1 when X is C and ¢ =0 when X is N;
whenc =1, Y and Z are electron-withdrawing groups sclected from the group
consisting of CN, SO4Rg SO,R3, P(OYOR3),, CO,R3, P(O)R3,, C(O)R;C(O)R3,
and cycloalkenyl groups formed therewith wherein Ry is & perfluoroalkyl group of

20 110 carbons optionally substituted with one or more ether oxygens;

R3 is methyl or ethyl; ‘

Y and Z are the same or different;
or, when ¢= 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*)SO)Re” wherem =0 or 1, and R¢" i3 -CFoy-a nd R¢" is
CoF2p+; 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 jonomer 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
catigm.

9. The process of Claim 7 wherein M" is a lithium cation
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14. The process of Claim 7 wherein R is trifluoromethyl, R'isF,a=1,

10 and b=l.

15. The ionomer of Claim | characterized by a melting point greatcr than

or equal to 150°C.

16. A conductive composition comprising the ionomer of Claim 1 and a

liquid imibibed therewithin.

15 17. A melt processible conductive composition comprising the ionomer of

Claim 1 and a liquid imibibed therewithin.

18. The ionomer of Claim 1 wherein the concentration of ionic monomer

units is 3 1o 12 mol %.
19. The ionomer of Claim 1 in the form of a film or sheet.

20 20. The ionomer of Claim 1 further comprising up 10 30 mol % of one or
more additional monomer units selected from the group consisting of
tetrafluoroethylene, chlorotrifluoroethylene, ethylene, hexafluoropropylene,
trifluoroethylene, vinyl fluoride, vinyl chloride, vinylidene chloride,

perfluoroalkylvinyl ethers of the formula CF,=CFOR¢ where Re=
25 CyFg.

CF3, CFsor

21. The ionomer of Claim 19~whetein the additional monomer units are
selected from the group consisting of tetrafluoroethylene, hexafluoropropylene,

ethylene, and perfluoroalkylvinyl ethers.

22. The ionomer of Claim 1 further comprising a non-ionic pelymer

30 blended therewith.

23. The ionomer of Claim 22 wherein the non-ionic polymer is selected
from the group consisting of poly(tetrafluorocthylene) and copolymers thereof
with hexafluoropropylene or perfluoroalkyl vinyl ethers, poly(vinylidene fluoride)

homopolymer and a copolymer thereof with hexafluoropropylene,

35  polymethylmethacrylate, polyethylene oxide, and poly(vinyl chloride).

24. The ionomer of Claim 1 further comprising inorganic particles

admixed therewith.
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27. The conductive composition of Claim 26 wherein the liquid is selected
from the group consisting of water or methanol.

28. The conductive composition of Claim 16 or Claim 17 wherein the
liquid is an aprotic liquid.

29. The conductive composition of Claim 16 or Claim 17 wherein the
liquid is selected from the group consisting of organic carbonates and mixtures
thereof.

30. The conductive composition of Claim 29 wherein the liquid is a
mixture of ethylene carbonate and at least one liquid selected from the group
consisting of propylene carbonate, gamma butyrolactone, dimethy! carbonate,
methyl ethyl carbonate and diethyl carbonate,

31. The conductive composition of Claim 16 or Cluim 17 in a form
selected from the group consisting of a film, sheet and gel.

32. The conductive composition of Claim 31 further comprising a
microporous electrically insulating polymer film or sheet within the micropores of
which the gel is imbibed. '

33. Anelectrode comprising at least one electrode active material and the
conductive composition of Claim 16 or Claim 17.

34, The electrode of Claim 33 wherein R is triflnoromethyl,a= 1, M*isa
lithium cation, the molar concentration of the ionic pendant group in the ionomer
is in the range of 3-12 mol-%, and the liquid is selected form the group of organic
carbonales and mixtures thereof.

35. The elecirode of Claim 33, 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 between 0.01
and 0.2.

36. 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, compriscs the
ionic polymer of Claim 1.

31

arsenneD SHEET



21 August 2002

37. An electrochemical cell of Claim 36 further comprising a liquid
selected from the group consisting of organic carbonates and mixtures thereof, the

liquid being imbibed in the ionomer.
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