;e3e\\,:f 6VTI WD 00/52085 PCT/ US00/ 05598 TI TLE CONTI NUOUS MELT PROCESS FOR
FABRI CATI NG | ONIl CALLY CONDUCTI VE ARTI CLES FI ELD OF THE | NVENTION 5 The
present invention involves a process for nelt form ng conductive

conposi ti on¥CHFi sing i onomers into multi-layer el ectr oRFEH§RAIIEe| | s
suitable for use in electrochem cal appIild3 i ons such as batteries, fuel

cells, electrolysis Ce'(':éNTh\‘?@O@§W?R ? I ! d[ﬁ el ectrochem cal
ec r odes.

capacitors, electrochromc w ndows O particular

interest is the use in 10 ||PNIGALEXtQC§ﬂP TI%G&@% BACKGROUND Cook et
al., United States Patent 4,818, QOf BHE O¥EBNAIOM Xt r usi on process of

pol ymer el ecgr ol yte ﬁPeﬁééeRt' ﬁ@a&{ac?legéér}&egeag@}ﬁ{emrﬁmegoc%a&ﬁ@é' y extruded

onto ot her conponents, tors sequentlally
or by 15 coext r CRROSILORSGOHRHITSING iQoBIeEs ‘Ht°d’é‘§ﬂ‘tl"}ylﬁb%lc°c“ﬁ‘éh%€ﬂl eslsiuigablerr opyl ene
carbonate to a forhe inlefotoshbmiral applitutioanacih ks ishetexdanifusiodetls, ielecolggs ond

eXt T ST on St 206 . Ly Shn e Bl SRS BB o Wl <0l 05 2

"dry film' procéss’ vl astl’cl zer in an

el ectrol yte conplgemis \und%wq @Pﬁ‘i&echele“éﬁeéﬁy rpageulpy ¥aferestis e yse for i de (VF2)
and hexaf | upg oplitjuch baerigd) (1~ P), the tenporary plasticizer being enployed
to provide voids in the solid p?té Cﬂi thereof, and the
tenporary plasticizer bei 21% and subsequent |y

repl aced by the hygr@edop Wfilieﬁislﬁtﬁsé’&wpt‘b%l&ﬁﬁoﬁsaoﬁﬁfbaft@#ﬂm@mwess

pl asticizer per gfpdyhéieleadlye mdterisandfor tiBodzehdterfalyy qniohary gxtradess to be

run without und o) a nelt 25
extrusion pr oceélgt‘)%gﬁﬁg&{'b&'@@%ﬁmluLﬁigltm‘ag g?&%ggoq%gtt% eﬁg&ﬁ%@ %ry di scl ose
mel t extrusildn efexirpgon dasewie § uﬁlea%tmqur@dmwb@tatwa teach a
process of pret me&tblemgofbﬁyahlyléxertbnde&hhwtlﬁrasWoh&emibhlstagan of a pol yner

similar to the pol yiggofa iﬂﬁt%&lsﬂfék?%ﬁtseilgg)bi% osesodrg s

| am nation. The | am na orned Izl n
The process ot h&Malving thsusuqﬁﬂtwpwmé&m@r ingeAleE ecpwpeﬂcl i ., WO
97/ 44847, di scl osprisingoxdopolimenofimdidese flunridé WFB)@QdEdtaﬂﬁﬁrbpta;BﬁdmeEI ectrode

sui tabl e f 0buS bk BRYLEIEES plabllS-oPLARE ARG bANY JBla¥ e Suflon- | oni ¢

pol ynmer, an“ele ani ¢ carponates and
feeding the ni xpeyaer after remqvabiliersofpandghe tempasery plasticizerheingigmeyed in Agr edi ent s
therein, 3 5 anta@stepadil Bgbsequbhtlyfeplacdddyltiee Kygfostddio litaiubi st k6lu@dl) EThe

component s of t e Bkl el KeLLEY Al e wabllt B 5 ALERIRIEs 30125, 822

di scl ose extrus n actl el ec composi rocess
conpri si ng f eedrHywishaw wadye sorpernpbowdneistyse; oz gvmtdlsahseewe rode- active
mat eri al , a2sal extraitth peé@addi ¢ carbonates to VW T | AASI | D~p~I WO 00/ 52085

PCT/ USO0/ 05598 t he uga{nruﬁg{;@ nﬁni?éd Bq:—lnt(?ﬁfa‘?é%?g? b'ffﬁrs%l?{éq?&?&g’u di tional

sol vent (or possibly a mX ream
port. The anountthedmn@eﬁlverrﬂofﬁ?z%ep FH‘r%‘thfff"é@‘ala ¢pach a@fecqssoauftz@flw to
provide a nmelt yioRigm ddllectatfvithcd ohitios béapolymaid sigidado thepolythenbs d sotidcur, and

the anobunt of s I Hﬁll v ted so
that the total g’n% %CIQ&(H}QFE ?lll{raéepl%glsléﬁ rﬂh%‘?& gﬁr&?{)&%t I'n tahe

fini shed el 88t ré‘é}BZ'ﬁ&F%?l}dslml Th@%%?@&%@ TRise it gy HEdposi ted onto a
current coll ector andhe ecalgtved 9W4H$l47adisaystran®f(tmsﬁﬂnpioqesﬂ fpnfoemingaat r ol yte.

i scl osed. 10 El%*ﬁ‘f“awe@te?%w W %géée?’?&‘%#%sﬁ%ié“%ﬁgﬁﬁmﬁ? lkfigh® &l 50
per f | uor oi onomsr“@nt‘?}“‘f PRlREHh e dectiofe-aelive “é?l‘ﬁ!l‘ apalt a{lfb?rgma? cagbenates aeheni cal
cells. In parti deddag thé méxthretdithe macdamm*nfma egtneles mikiny & ifgediarnanthtreinhi um i on

cell's. The Sleotiourn@th FEPRIANPES A Rul:g B npBR G i onS and

di sperS| ons onto a ep, turn is

LN
fol | owed by a sol veniKelgift aktU rg&eeétateec?ﬁmrﬁa?% é%/? o‘gsciOSSe’Etﬁ-@E?é Oéé?rponent s

i nt o el ect r ochersctiadtedostéckrodé nglositionitlsrproseadiconFriMu Réding athiktukd\dfENTI ON The
present inventi CtHorPfoﬂ}é?rg&szPEn Bledtoe! %&?vefn%erf )T Ehlf dnd %Qg%b@l{aws% e, the
process conprising I'ng in a vessel a po yner an a polar aprotic
liquid to forma 20 conposition, the polymer conprising nononmer units of
vinyl i dene fluoride nononmer unit and 2-50 1nol - % of a perfl uoroal kenyl
nmononmer unit having a peRcant group, pendant fromthe pol ynmer chain,
conprising the radical represented by formula (1): 25

5 ) 2 i

SMAnNAATE *150180%




wherein R and R are independently selected fromF, C or a perfluoroalkyl
group having 1 to 10 carbon atons, optionally substituted by one or nore
et her oxygens; 30 a =0, 1 or 2; b=(xo06; M-is H~ or a unival ent netal
cation; X i wo@/sm8Hr N with the proviso that d=0 when X i scfiusooassigl

;t her wi ise and Gpe dffé’b?rf‘cnﬁ Jf 8 sérew BRknfder; aﬂ?j i@f@ﬁﬂ aﬁdrl]tﬁmm:soﬁ"én Epbsibly al, ;( aClr\lld
e SO A Oh O BB B o o g ROy S 51 %'glgkgnyl
groups fornmed t herfires fe¢dingstageiivadiugtadgo Bropdpﬁmbméftrkqmg gtffmfnt eaf - 10

car bons opti onal ﬁax mamym 0RER, &Hﬂ@d&&uﬁttd’f%lv&i%gﬁg%d 1ntﬁé@e&@lh52085
PCT/ US00/ 055

8 | I at ons .0
substituted Wit ﬁ agF Beipg a‘ﬁ‘ﬂﬁ’%i 58?l??gﬂpé939]gaé’??§m ‘%tso XFEITRIFSC ﬁ"ﬁ&nglm%ﬂtal ly
further substit uhtd finghed elértnode maBrialy Theyxthdedeleattode may he déposittdaniorg gr oup
represented by thged:@oiBilR andeiRoatdl R4tR a'ﬁyef@fsbf'&pél?:ﬂéx“e@écu&g&r esented by

formula (11): 5 S ere m or 1, and Rf'
is -C-F2n- and R e‘?@yo&u%‘%qﬁﬁ)&eﬂhfwmisefﬁz‘d#] MRGELLs; i8218% nposi ti on at

|l east until it idisclbsabstically fornable; and 10 formng a shaped article

fromsaid plgsticall boEBreETBb'v@o%ﬁBS’ﬁ,' alga@setwe &Q%f@ dr&%dn?é?s eaffoﬁy?at

and/ or pressure i heret rre hat  t val fal cation be
an al kalol . nost 1{5‘?5 aﬁlaﬁaﬁ?ﬂaﬁ? er?"Bﬂ}S%‘iaE‘F |ﬂi‘ﬁelf+“uB‘f t he

above process, Xonomef} araemdplyyaitd f(iimalrthmmoh calist Mhe el@tkOdEs zfﬁﬁ)zaﬁrawrer e RBis
CZHS. In anot herare?g‘% obmed by éﬁ%gﬁoluﬁoﬂs@n@ %‘EQ Wxﬁ’o stjbsﬁ'a?e,% %F5 The

present I nventi process of

urther rovid rtic
t he invention. %)f YER; SYhich; ip (i £ fBﬁo‘Y% Pﬁ'ﬁ?tc?wta‘ééteancg%&‘,‘f‘tt‘wem cal
cel |l forned I5r ortheaeomponants énts tlegmdhamital ctlisds alfo dikdosedvent i on. 20 The

present invention still furthegUthxR%FfrHEm%ms for formng an
el ectrochem cal cell,_ the prpcess cO I'SINg CO ning in a vessel a
pol ymer and a pol ar JBFBFF%“WV&‘E}PBP“I g‘lflag‘ﬁ@FSSctjﬁ‘?%F‘g@gﬁéh%‘iﬂﬂﬁlF’ units of

vi nyl i dene f | uorthelproeasslc@uBBingol % of a perfl uoroal kenyl nonomer unit having

a pendant group conplhsiiith t:ﬁ‘ﬁvés@éi'a%i de?%@éﬁd‘ér%ﬁrcﬁ?!lgéi&%‘foﬂnﬁ') 25

_ ( OCF2CFR) aQCF2( CFR ) bSO
i ndependent | é’log’é’? E"‘T’F%ﬁ &meg} S&%&mmﬁb%ﬁloﬁyﬁny Bﬁﬂ“@ﬁiehaw ng 1 to
10 car bon at ons,moptrconsEt dnd 235(bwok-Youlf e getfipomalsenyl mepomeromit avings ons; a = 0,
1 or 2; b=Cx06; JMdiddn®gioiip, pendinttbf dleSidlyntiR tRin, €&hp:Ping the radical '

represented by formula (I):

25 -(OCF,CFR),0CF,(CFR"),S0, X-(MH[YZ 4 @

wherein
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;

30 a=0,1lor2;

b=0to6;

Mt is H* or a univalent metal cation;

X is O, C or N with the proviso that =0 when X is O and d=1 otherwise,
and ¢ =1 when X is C and ¢ = 0 when X is N;

35 whenc=1,Y and Z are electron-withdrawing groups selected from the group
consisting of CN, SO,RSO,R3, P(0)(OR3),, CO,R3, P(O)R3,, C(O)Rg, C(O)R3,
and cycloalkenyl groups formed therewith wherein R¢is a perfluoroalkyl group of
1-10 carbons optionally containing one or more ether oxygens;



Xis O Cor Nwith the proviso that d=0 when X is O and d=1 ot herw se, 35
andc=1 whenXi sCandc=0nhenXi sN; when ¢ = 1, Y and Z are el ectron-w t hdraw ng
groups selected fromthe group consisting of CN, SO02Rf, SO2R3, P(O (OR3) 2,
CO2R3, P(OWS/S2850) Rf, C(O) R3, and cycl oal kenyl groups fREHESHDEHES ewi t h
wherein Rg is a per fR3usawalkiydrogr cfupb @cboh-aldinsodptibmuily atiissiBateipiitiosgd dry

cont ai ni ng one Qr t ; . 9 - (Rf' SO02N- (M) S02) m
Rf ~~ ~I) V\herem‘r)ﬁe%?gﬁ%?s?g% %?@op&%lgﬁﬁg%tﬁuﬁeé -C'F2n+~ where n
=1-10. and, a p whemgT btY way bean &%nﬂma&lwwwwedwiwg sai d
conposi tion at fogaclh —LSOsRY wheré R{ isth@tadizhl reprdeyited by foalbik;(Ilgnd, forning a
shaped articde fromsaid plastically fornmable conposition by the

application of heat andl or pr@(i?cg@zgq_g\q#)g%jn}mayeri ng sahﬂ shaped article
r qai

wi th such other shaped articles as re ed to make an el ectrochem cal
cell; and, consolidati aid.laye shaped. arfjcles, to faorm an

el ect rocheni cal % %‘FP‘.“@%’ %ﬁi&%’%&dﬁn&%fdﬁ'ﬁ;‘ -y VRSRB G, 'm)e

conposi tions conpr i sixing saideompesiéeh it drastvatibit sdastichdly dfemmbleuandadvant ages in
use in el ecjgochem %hnagalsh@aa hBieR ﬁ%ﬁpm@ﬁa&ﬁhmymmtéoﬁfgbﬁﬁm g@y are

single ion conductors n suscepti bl e to performance degradi ng charge
pol ari zati on, e%RlgFYon ?f‘té‘i“g‘ﬂ%“?SFV?ﬂﬁFﬁ&nay be conbined with 20 aprotic
pol ar sol vent to pr disjwefiirgithst theunivabent metat catipn be ari alkali, miokt fraferably
battery provi ded i Tt pitftea UELbIRIREGINE e et X 08, SRIPARER = ©f 2

y Vi i gni uctiqn, i u ug, . OV
processes whi charﬁéb%‘rfgg‘ﬁrp%ﬁ OEQQ@ﬁ‘dﬁ%{ﬁng‘gﬁggT‘bf-“@&r&l %n%“dg%bs
di spersi ons15 | t SDsRovhepaRtis€lh ar Cifgnefit to be able to produce
el ectroactive conpongRd sedeht iventiBIiuehe REAESINMapsli SRicRIndd@bYe t han through
nunmer ous sol vent handwﬁngq séﬁ)s. However, the fluorinated ionomers known in
the art, the beBPERSWIVR™ch i s Nafion perfluoroiononer filmand resin
(a registered tradenBhdprefentinvantionlfurtRenpiroddesiie sisctrachemidalColhermed
W m ngton, DE) gofibn@@t nd bhiiel afRlds oPfHR&®2A6dYH. | i ty, thus placing the

fluorinated_jononers_of the .art .at i sadvantage with respect to the

al ternati vezé\ppr oachbie ?WF%U“YW&"%?@ éj\'ﬁﬁgﬁ’r‘ﬂ'é‘seé?‘?r&ﬁ“fc(??s fﬁ’e{% PedBessi ng.
The nelt processlettraehémicalmell shkprovass comprisengaombinggdh a xesselatiobymarend r al i zed
et hyl ene- met hach yhjafagsticliduRh HleXpoBikr eshoksiHidfdnohRPurlifs 3¢ FinfdERe SUr | yn by
DuPont, W m ngton, , dsg) ncgto pfow e Céﬁdu tive cg{r}\’r?gsul ons with the
desirabl e hi gh Bagrdeand2-0pelveof g psriu T oI qying pendars| yents. 35
The present i nverpcomprising e madicalnepressmtedby forfmtanng conducti ve shaped
articles, tB& process conprising conbining a fluorinated i ononer with an
pol ar aprotic |iquid, m XiQQCF{GFR)[ACEBACERYSO,X-MnwAR]pl astical gy formable
conposi tion, PCT/US00105598 R3 is an al kyl group of 1-6 carbon atons
optionally containing oxygen, or an aryl group optionally further
substituted; or Wh§sEh c= 0, Y may be an el ectronwi t hdraw ng group
represented by the fRraatdRhare Sidfentientlyatiecttt frsm)€l srabeéflordalifyi goapt ed by
formula (11 hpy angd. . l {1 i ] e
process dep)e'a%dsIﬂg‘f)%%!i ﬁy%%ﬁgrﬁwgﬁgﬁg%dg&@ﬁ%%%& 02% L%y%ér?%tg;rlr;%’osi tion.
The present process prédvi@% 4 WD 001 52085 PCT/ US00/ 05598 i mense
benefits over the arb=0wmw;the first tine, a fluorinated i onomer can be
processed into condu “i%?l’f%?ﬁrﬂﬂigﬁgﬁﬁn ich@dpl € for use in electrochen cal
cells in a process I.ch does not involve formng solutions or liquid or
gel | ed dispersions, #dfO Cfai the prayiseihat =0 waen X35 @ aed 4 Ptas¥ps, I n the

process of Blie phésehtwhsn Xriverhd oF,0 whenddN;t i ve conposition needed to form
an el ectrochem Ggl., cAMPeGRty J%@Mb&ﬂm%ﬁad%ﬁn@ s seRetBd BYMARABYp
fluorinated iononers, is Breggre ! %I e Process step.

consisting of CN. 80;K550,R3 PD)(OR3Y,, COLKS, BIOR5 C(O)R,, C(O)RS,

and cycloalkenyl groups formed therewith wherein Rg¢is a perfluoroalkyl group of

1-10 carbon atoms optionally containing one or more oxygen atoms;



The process of the invention is particularly beneficial as a manufacturing
process because it affords considerable inprovenent in conpositional
control 10 over nethods taught in the art. The fluorinated iononers
suitable fowowsmseossn |ithiumbatteries need to be conbi negdcwiuséuossye sol vents

her ei nbel ow reci t ed gang ?L?ﬁ‘" g%gl Q&@)@Qﬁ,o}lg&n\%%@&éﬁ% VARA ihggwg@&qﬂf or

practical utility in |1 teries, WeVer, s f{ab rononers often
readi |y absor b 335H SR ABYRA yg?“@’b‘f"\%%tm‘t,e i BT Hal MAY PGP S8FHY bat t er y
per f ormance. Cowithdpdwingigrotpneepresentakty thé fosmiilaen$O4Ret walkeze Rpisithe mdiealef ore a
critical quality,l.osig by Fiiaml@§ess of the present invention allows for the
strict contrgol olr’ conpoSition 1h contrast to the solvent casting processes
of the art. In the process of the,ipV B4 ay,fh uori nated i,gnoner is

conbi ned and m xed with an pol a fa%béﬁ%'{ %bql)ﬁ‘ fto make a pp stically
formabl e conposition. A 20 plastically formable conposition is one which
can be nol ded tghete MP2P6r N¥nd RE iﬁp@,LFzgfﬁgm"isf—CQEﬁL whe#é A 1preessur e, and

ch |

which will retain the shape..t as.. heen .nol ded an _renoval of the
heat and/or pré u?%oef?ffpv@ﬁlccl‘}ﬂglld\t{\m\;\oé’g eGP RO Sai“{secofj' f‘ﬁ?wg&ﬁf a

t enper at ur elGat Wil ks plastically formable; e ferming axbapedianivle fmsaidplestically cal | y
formabl e Vi scougrmi@siScompositioh by’iﬂhle@p}il&&tidmh%t&ﬁd/bﬁﬁeﬁﬁre&ﬁ%@ct&;ﬂ?@ﬂhé on are

pol ymers conpri Si n i foMi v fluoride an -50 nol - %
preferably 2- 209a1r§g§%?£%a ?&m@%"“‘g&e‘@? %5{ %/f}aﬁ%af?gcﬁ%lea-s@lf r%qursg'ﬁerp °38r oal kenyl
nonomer unit hagl¢atrgehemieah erlh andy conpplidating s3id |ayered shapedsartieles to faprassent ed” by
the formul a 30 eléddcbizeitdl adICF2( CFR ) bS02X- (Mt) [ YZ~]d (1) wherein R and R
are indepengently selected from BTAL E\S@Elrptlll&qroal kyl group having 1 to
10 carbon atons, optionally sub g Te nore oxygen atoms; 35 a =
0, 1 or 2; b=Cxo06; Niighly copdugiiveomppsitionsiompiiting fluosinptedhionymers povide or N
with the provi sgunidiéiis ad@taghein uke inseldotraghdmitallapplitutiond sich acifbiufm =1 when X is
C and ¢ = 0 whofido iy R sulf0: 90153005, ECLABARIOR3IR ML, © = L. ¥ and 2
are el ectron-w Ehﬁraw ngygrou_s Selected tfromthe group consisting of CN,
SO2Rf, SO02R3, Megyadomraharge polomzatiomenyihis highstabifity; ,an%(@) E?sc,on&mdw@ oal kenyl
groups fornpg t&iesevoldd solbént & provide highly comductivesogpbsitionsg ftdsi@elpf 1- 10 car bon

atons optional | | . X i al kyl

aroup of 1-C caBuat Rl HauRifh Ho PUEHNg SR uBLGRRoncths iFa bl I Vo
i d d f: cgst hich .

optional 'y furtPép e gifigpnbrgduchion inganpiactiring cst gSF PERSesps whic _

el ectron-w t hdr dépeRdurdh@bgding epd Gy gtof solinjonk sl disgersions- B dfpaitiealae Rf is the

radi cal represe |3y D SO . = 0 or
1, Rf' is CG-F2 ngéélﬁgt tg%ﬁ tdlltlg tJCﬁ E@Q&ﬁlegtg%%uvfoc.%é%%ﬁ%%g@f l?%?ﬁ%lﬁ{gggfg]by one or
nore hydrogeh atadiesthamtreygh pamgrous sofyent kndhing gepsy Hoyever ghg,fluorinaed = CF3, R

= F, b =1, and ishemerXkh®niin the at)thebestrkdo®@NoDWwhich ZREA0A® perflddrolchioetd, whil e

when X is N, Y j &r A %ﬁ ' is H~ or
al kali netal ca ?%%( i s?amﬁglgt?%ra?gﬁ{ Sggladﬁ%gggeu%%%?g}]% ‘preferred
are |ithi um per Wilrspegen Borin rot sxtibik el prssivility. hysplacisges fiverinatesEpVE)  and
the met hi de andionamete ofithe axtat 4 diemivadisgeaqith respebras dienkibrastivedpmonadhbeidl. Furt her
enconpassedsh N {aGn Rl atbW G htPpro sﬁnéoi‘ﬁ@fﬁél rblddlaBRoRAT dbAg O 20

| ecte rom:t 0

nmol - % of nonomer units se roup_consi stin

[ t1ng
t et raf | uor oet hyMeheartspehyas saRonerauirlizgd F‘%X pomsthrey g AsidsoPelymeriaoldy ny |
fluoride, 20 heuadet thetads mmd Solyn® e DiuPoaty Wiletidpton, DE)6 nettphevide
per fl uoroet hyl yi : . : : = o utyl ene,
EEhyl Vi nyl | ot nb b fihositnd Wik R ARABR R s RARARRRYic) S
met hacryl i ¢ aci Gomabined ¥tk palwyprlvedtser s t hereof, and mixtures thereof.
Aprotic pol a8 sol venTie @esehidhventiboprovides ppracdss foe fafmidgvenduetiendhapsd | ncl ude

the 25 |inear a icféh’,%ééﬁ‘rg&@s{ .ﬁbgr?bgfsﬁxg’co{fxﬁﬁaﬁ{g?’ ﬂx%}iﬁa%é@i%ﬁomér%{h% Slar AM des,

sul f oxi des, sul tones, and .e] y referr solvents are m xtures of cyclic
carbonat es, di e&PeRgliquid, mixing Shedasrediens tofomm pplaghcally formahle cemposifighy | ene

car bonat e, but yhehfermimg teratmppsitiomiptcenshapearaoioha t Fhe pehcamstdeydnds umoni that e,

di et hyl succina . di Az ; i hyl i .

gama- but yr ol ac%‘%ﬁ%?hﬁﬁ%?sgoﬂaygﬁ gétge- %dj%ﬂsli?i:n?% t E%%g%@%t&é?ciegs pé%‘?%eg nat es

m xed wth |inear carbonates such as dinejhyl carbonate, diethyl carbonate,
di propyl carbonate, ethyl nethyl carbonate, nethyl propyl carbonate, and
fluoro and chloro substituted |inear carbonates. Especially preferred are
m xtures of ethylene carbonate, butylene carbonate and ganma- butyrol act one,
et hyl ene carbonate and di net hyl succinate, and of ethylene carbonate and 35
propyl ene carbonate. Most preferred are m xtures of ethylene carbonate with
butyl ene carbonate in weight ratios of from50:50 to 80:20. In one
preferred enbodi nent the process of the invention is enployed to produce an
ionically conductive separator nenbrane. In this enbodinent, a

— e




6 WO 001 52085 PCT/ US00/ 05598 conposition is formed conprising 10-50%
preferably 15-30% by weight of a preferred lithiumiononmer and 90-50%
preferably 85 70% by weight of a preferred solvent m xture. The m xture so
formed may ¥ PB’r?%ﬁ ly contain an inert filler at a concenPEHUPWNSHB | ess

t han 50% pr ef e imhénse bawsitst dvanth2 6% Fintherfisgtivhe, effluptimati¢dipbpdmencagbe  of

I ononer / sol vent {E‘cé‘s% ‘E; ﬁgﬂi&lbé’&ﬂt‘lﬂo\ﬁm’cé §u1t'a§le Wr%géﬁmcﬁoélﬁm?éaﬂceﬁs gal |

amount of a m)bf) salt  to t nat i o belng | ess
P 556 or of op s bl oRppt ityplvelgrmiiid Shos Of b o5 et gismaro

i ononer/ sol vent nmuqum@stu@xtdpa,btoecxmmtn ftéps] brthe proce¢ssdEthapresael | i ng

pol yners, fibger yefMorb 0t Eiffctifl cﬁMP&sﬁtﬁtﬁt édeﬁ't'&ﬁmﬂ gtwah&}ﬂcmdene fluoride

( PVDF) hom)pol ytetr fI uor oet TFE
pol yol ef i ns, soF%Pﬂ“%W@IVIn&BI @WPVH%P@V@E‘&V E‘éormte {anRipersdsprepared in

fluoride- hexafl dQinglerpdgebssstgp. copol yner s, poI yur et hane, pol yal kyl ene oxi des,

I I tril I f th
P non conduct i ng EEI%II%&%%?H?%II%@*%U %&%Mfé%%@% fn s or
A1203. Al so i ncPRges bssauseit gf&w%ceeﬁﬁadﬁagprgwwnae cqrpAsitional ?,Q?Ffﬁbunds such
asfbenzene ded i \o8drinvetisods teuightds thewhts tThe AuethatdiiGminess sattaldel for ase in f .
t t
safeiy-rel ate gﬂg&ﬂ%sém%t &gg g@&tng;&e fmﬂtLtﬁ.g(Qd Vﬁ&ﬂ%&ﬁhb@ owcf%{eh?& or the

bat t ery, or non soclratin S S or car bonat e.
Sui t abl e nobi | e oder toprevide Bg gonpdurtiatyvpqurred Frs prastical piiliy dn litkipm batterigsm 20

i ononer i ncl ude Howekér, suitablE idRofugrs dﬂleBﬁédll)Labé&E@xcdss &nifishts dfisblRént)thinor at es,

Li SO3R f, LiN(S f; res

t her eof vvher(e tgﬁtﬁa ))éegg%%gcr [ érygé(fgo(r%@ggs ?,éﬁg%féc];gs OfWu%%ll&natl on.
The Rf groupd anetherefoss ¢ eritical qqahwatﬁlﬁg, eemac%‘gf theeeatsetmmlyn pliowsrfer sane or
di fferent from ainestidiodmil of dnglositiabinkolrrastiohe slni-cChstiy préékbses ofhst
preferred are ZgnLl PF6 or Li N(SO2CF2CF3)2. It will be understood by one of
skill in the art that such other adjuvants as are commpnly enployed in the
art to facilitate prbttésgrqegssOf%&r\tenmaﬁwwteérwwtf@n@m pndst ability,
or such ot her desikédwitieanpslarfapeolit liqiid tamalke £plastieaibnfosmabld dompasitiomn Ahe art,

may al 5o be AP NSRBI RbARLIES I bnd URGPLESE Mo (6 ULAB b eSO | 0N 25

t hese adj uvants Sults of the
present i nvent i GRPlisatiomes heak ang/es pressyrepgidivhich wilhietainghe phape towhichhighasy t he
process of the ibesembidedupthytetiovahofthehdat aditish phassie Yy Gaith ¢ wsFbrmigaans known

e o DEPAld: Nk A oTEhb e 3w ODIGHARLAY Bl Onuct 1 vE

conp05|t|on bei n € necessar Fovi de
sufficient mixi W%QMF@UJOWP@IWWF%‘E%I astically formable conposition.

M xi ng may @5 per f or Seitabilefob thie @l dcedf tiiOivntitd me lpylynfexsasshipdsingf sui t abl e

m Xi ng apparatu bat ch

m xers such as gn&{?er?ggélg\%f%&ﬁ%ggg?ﬁg%g2?8#7%56’5& %E%Blgtzl n a“[;or eferred
embodi nent of t Heorppedaahly fl @nli%e of a perélupreaikenyl menemesrunit havipg f er r ed
plastical ly formrbhdat groapeanprising the edicsideptresehted bptiglfymivla an ext r uder
pre-heated to a tenperature in the range of 25 to 180C wherein the

i ngredients e m xed to mﬁm}g $ and the
conposition '?D'rs then 5 extrude @Fiﬁr ough a fl?@ die jt[{(ozg?)rm a separ at or
menbrane which is in the electrochemcally activated state as extruded. In
order to achi eve bestwhereinRisd Rjare Indemd,@élﬁa¢19cttd)ﬁQmIEerwr@\pe§1wmatktht the
feedi ng and m xigguHaRingartb 90 dadon stoms oﬁﬁ&)ﬁﬁ?@&&nﬁw&%%ﬁ%ﬁnoﬂefox
under st ood by one of skill in the art that feeding may be 10 per orrred in a
single stage or W%ul t i pl e stages according to nethods known in the art
dependi ng upbn the part®.duirds ingredi ents enployed and the rheol ogi cal
requirenents to attalbrhggpfd m xi ng. Shaped articles can be formed according
to the process of th‘?\(l tlonb ¥t Cﬁﬁns known in the art. In a
preferred embodi ment ¥ hEpl G4 ef’f/lm BlAHA e 15 conposition is extruded
through a flat or ci rX:t;I%tC¢11Nmtb|th091n@es0th%tel—OMhenPKeS@Ianéldﬁhmhvwset he
plastical l'y for naalce-16aRa8ista A Jy whén XY ession nolded into a filmor
sheet. The filmor sheet so formed may be further formed into articles of
nore conpl ex shape by thernoform ng. In arfot her enbodi nent, the shaped
articles may be formed by injection nolding. 20 In a further preferred
enbodi ment of the invention, an anode is formed by m xi ng and extrudi ng
into filma conposition conprising, by weight, 5-20% preferably 8-10% of
a preferred lithiumiononer, 10-60% preferably 20-30% of a preferred

sol vent m xture, 40-80% preferably 60-65% of electrode-active material,
and 1-10% preferably 2-4% of a conductive additive. Optionally up to 25
12% of an inert filler or up to 15% preferably up to 10% of a nobile
I|th| um salt as here| nabove descrl bed may aI SO be added ~as my such ot her

oy - o,

_)-



30 The el ectrode active material suitable for use in the process for .
form ng an anode i nclude carbons such as coke or graphite, netal oxides
such as titanium oxides, iron oxides, or tin oxides or

| i thi um al IWQ0/52088 ng conpounds of tin, silicon, antinonypctausosrbssss num such

as those disclosed 'wheﬁ@t@éﬂm%leweummm toRPs RfecRd adaSthE or Li-1on
s 555, ™) ostoub Bapsbind o QRO NG LN ﬁaaﬁgaﬁml’?@#om@bﬁgﬁ e from’
about 1 to 100 G(@)R3nand cpeledlkenybgrovpsfognesishérewith whnmn&w@amﬂbmqaﬂ@ obeads,

t I hi t S
g ?:T :”L ?508; SESIQSEI%U%Q“ (t@tzg%h &bﬂ@g@fﬁp&ﬁtaﬁht one omo&%x?

erre te ‘m crobeads as those r oduced by
Osaka Gas in’ Japan (%%393“?@‘3';@% carbpn St"‘?é)’ptl‘gﬂlh %96‘?"‘3“%??9’53‘?
addi tives for thmamhgxdepcmwpdmﬁlrtbﬂsuhwhmdie carbons such as coke, car bon
of “copper ot ai nl o5 HA M ””5 oy 5% SRk iRl ‘“P%’*‘“‘eﬁt&étgﬁfst eles
conductive net aE rﬁ&‘fad'ég ‘i%ﬁfadir‘ﬁ pﬁggteg,by:ﬁ}ﬁfﬂ #Roxi des, or

el ectronically- S@N&Mﬂ)%)gﬂk"ymsmﬁhr BR¢p6IC B and Be"xsrcnﬁg,ttypaphr ol e.
Preferred ang CapRiRupLH tﬁ%temgtsné@ﬂ,ﬁsﬂew&x hWrRHRN Wi LRIGT abOUL 100

sq. mg or Iess Supe val m rbon in
Bel gi um Super P 10 BSFSW:BIS aQ:‘P{alhgs ép%trﬁt'ga@ érg‘é“gte NWW% In a
further preferr et @ibodOsRhwhat RE iseC;ithywhild wien )élsd\atYusqbeefersbly SOngI by

57189 pref or abliEE RGECTINT é?‘%dg*?seﬁ%pm‘t'haf“éﬁg‘mm cptly M et abl
-15% - 0
20-30% of a pré?”et‘@é‘&“%‘P%eﬁP rﬁr'?ff"ﬁﬁdé‘re WFEB%Q of xn

el ectr ode- adfi veinybethet(Bi-PSEER VE)radd lhejrﬂahxdpmifmmableyvaﬁweé’/&wméfaa conducti ve
addi tive. OptiofglelMhdiR deQribafo of an |nert filler or up to 10% of a nobile
lithiumsalt as here E@;)ove desc%t al so be ad afE‘FP y such ot her
adj uvants as may be F ERFOBPABHEN e%’ﬁ "'PV“YW“P‘P@CQP “\‘Rﬁ ®o not
substanti vel y afcbmptising@ 20 otol-&efmeonomef uitsecldasd frab the grepcbhssting of he
present inventi Qéﬁaﬂhtrobﬁyl@ﬁeetrﬁ’ﬁfo?&ﬂ&fbﬂ& cRlbrdtifberBiend g1 B0 that no

nore than 5% of Sul t"ab f'or _use as an

use
el ect r ode- acfi vé‘e TOPEPY{ERS: PFF@“ETQF}?HHEV‘ Y élPF‘iﬂb‘ﬂmF ¥l e®ennsi ti on
met al oxi des suecthylene,gpopydne Li-ddidi@disobusgpienceethl ividyDéher] acNilid3¢cid .and ih€o02,
Li Ni XCoy02, and aﬂcgpé’s‘{’éryﬁhﬁ&f dPmetiadtylRSacld 24 B alibyl yﬁ&é—ﬁ‘me@f abd1e foregoing
conmpounds nodi f i that. the conpositions theréof are
nonst oi chi onet r |n?,‘ tuges hrepty ed, anorphous, overlithi ated, or underlithi at ed
fortes such as are kidpvaticipalat krévatstsuitétﬂefosthetpadutl@ Qfdimtiovmden imalpddthef ur t her

modi fied by z@opilmgar%a Ahe%absmea é%@fiw&tbx‘é%&gﬁes %tterslgﬁﬁtﬁﬂés metal lic
cations such as e3+, Al13+, Ni 3+,

F
O S 2 st b P el T Ha Mo of e OOPER  fa & |
the cathode conpiiestets, onlactomss wuih 8 @thylené carbanateppropydenesatbhnags betylenel sul f ur,

organi ¢ disul fi dasbnfi, vifRicak c&%ﬁa‘téj@fmeﬁﬁ@ Buceard] R Asuddimtd, dimethyl

ey oror et MG BB AR Sysiey aﬁeol%ﬁqn%&ﬁw’r«'v%ic AN N
derivati ves,30or cybléd qarhonptes mived with dinearicatbomagss sadh aaldynemﬁylmrbolattmdlsﬂ'tyl
conpounds. Par ticgiRndb Ydt‘pr@;ﬁyl e&iBorfafel, btHE xﬁ@eﬁﬁkhﬁhna%é“ﬁtéh@l Prep Rarbbi, about 1

to 100 35 microns. Preferr ar ra |t|o met al_, ox as Li Mh204,
Li Ni 02, LiCo02, figupro Iﬁi"QEﬁy@ g%S‘r*“te bofHEs 5@?%@6@}%%‘?3 $erhe
conductive addi trhixpeessf pﬁlabnecarbnnaus@tylnnetdampmwmnria hrikeblagiore, cat hode
are the Sarre as cﬁmtd@é/ﬁﬂ dlrﬂe Ighaﬁhatét%@éfted@leﬂ(sm{iﬁ&ﬁte%@ove

descri bed. the odi,nment, of t ese i nvention, the
anode, 5 cat dénropgfﬁgxegg%g?agﬁ (ﬁo%]pre eredarg 'ﬂﬁﬁﬁ%ﬁ‘{‘lé‘fhg‘%ﬁ“e‘t*’r onats With, s

her ei nabove desdwitdens cafbonaiqiiendight raties ekfren §0:60tp¥lAess of the invention
into a flat filmor aﬁle@spreﬁhed émtdaﬁn&ﬁqu&egswme lt&g@édt@temﬁtasiedmanhydr ous

conditions in a |ayere r i .di sposed bet ween
t he anode and cétrﬁ%uaga?}oflf?g %otﬁldlrlt%ltvgls’?pagdtocfﬂepg’a ﬁt*f“é F’E&y ttl??‘ug di sposed
on either side of the |layered structure, one or 10 nore of said | ayered
structures then being thermally consolidated to formone or nore
lithiumion cells. In a preferred enbodi nent, the current collectors are
nmetallic neshes or foils pretreated with adhesion pronoters such as

m xtures conprising the ionomer enployed in the process of the invention.
The current collectors could also be netallized plastic materials or
netallized carbon fiber 15 webs. Especially preferred are 20 to 100 pm

t hi ck copper and al um num expanded netal neshes for the anode and cat hode,
respectively. Methods for thermally consolidating nufti-layered structures
conpr|5|ng thernDpIastlc polyners are mell knomn These |nclude calenderlng

o o o, Y - o,




25 The process of the present invention may be integrated into a | arger
proceS§s which al so includes the steps of first hydrolyzing the non-ionic
precursor polyner, performng the necessary ion exchange procedures to form
the Iithi unVOOMEM8S . extracting protic sol vent contani nat PENUSHMESIB ur t her

i ncl udi ng st epScanpmmaa isfatrher opnpsisiegih-+p0%nprefecabkalfi-1y5, W0oveighv of @i ng

anhydrous condi fe?e% rhh{nﬂﬂ%‘aﬂkr adae)opfo%e&?erha @5170%p9,r$vagﬁt<ifeature for
achi evi ng excel gatterﬁg mance. EP@?% of .t he, present

i nvention the tB’fe e sovent ‘tf“e ﬁ“ﬂ’étvier?g font'iafmf“e?g t han
about 100 ppm ﬁtlefaeaabncynttmlz of lesartharb¥lt, lﬁftferplpiwessﬂwen RY%r psweightefnat ur e of

T cult 3 B U T & ononer
with other dry é@ﬁlﬁ)ﬂﬁ%wgf% “‘alétg‘b‘ﬁ‘tﬁa[—’r 3‘58?‘?} ﬂ%‘?ﬂéﬁ%ﬁ%ﬂ%‘ﬁi erial s
directly prior tanié¥ prefeabbskssthanof0%, by velxgmbftbelmt&lmmgheqdar at or

formul ati ons. T%gm@}/%)l‘;eg{mlgg battery process steps should be kept under
anhydrous conditions sl ng_ reans, known 1e§) \é\? 00l %%085 PCT/ US00/ 05598
in the art such as eﬁ‘&‘ I} BAnanR-relipeRobimsth A0FS BPARFS i nert gas
purge, dry n00msuh:mahessmhaspdywnbrlgdbmnglm:gﬂa(&VDﬂ)hﬁmopmm and other battery

t k
conponent s may By 1%%;7:%%0% bl@m@PBPbd]ﬁflf i, UhjehinaRe known in

edt vacuum and/ or

heating. 5 The iPBWB}‘?ﬁrsé‘c}é%ﬁW 3"p$ Fer e erreRy ‘T“ﬁé° ¥8Eht invention
are typically eppl@vsadmadwpn}yglkphemqwnéds; mhyaerylquitaite, polgmbtagmheathacrglate, or

particularly Watc %?mese, lahd hén- KMY}Rﬂngfa?ﬁ’ %ﬁclés@ hif%r ?
sol vents such as are el et I QU or ce O It ?um
batteries, évenS i‘ ‘}‘ss?ﬁaﬁ‘ ﬁl&?%ﬁgrg SOGPOUngs $ych prarpmatioy ¢y | |

appreci ate that compmmdahuchlambemxtealenea’livss fuoh as mibstitatbdanisuldshadddddforl O i oni ¢
noi eti es suitabl vary in
gﬁ'eté'%la{éﬁ %uﬁﬁsés 'ai%g&?&aﬁgatm b{?léﬁﬂEtthh&g RroTéEﬁéﬁfo? 1&2 ”

stability dependi on t he speci concentra I ereo S been
)t

found in the pr é?é{"i"@é”%‘i‘at’cnﬁéal Frsacheasl ‘XW@F&XO‘W f19t carhopate.n o case of certain
sol vates, such as thSmmblmoﬂxlmsaigpfsuctdmhhahgmthdmmﬂpnefmadlhﬂﬁmns of drying,

such as dryixg YglSer ¥RRHYTIPFAGPHIE] f198E ‘L?Aﬁtﬁ, ) itk BorafE®St tightly
bound sol vents. §(§2Rg §§2 3\/1‘%{: r vaCéJum I's ineffectual,
i

it is preferred 1&%%11{}‘ G IS Homer wi th
t he desired apr dhdreof] wigpme the i“f¥ subnenpxrdanetsspantﬁal bheamphteﬁuormatlon dlely ect the

I onorer to an a xgk %@lecéai YR aﬁﬁ@%lmﬁﬁ%@&ﬁelyﬁﬁ tieNam@ WP difféfafy | ONOMEr

not *readi |y swelfort 6 e Rt ot oo Mo BERTE 0 o1 | oo

not readily sweIme'tW&ai“B‘ika"rré)Fe erl"ﬁl
one additi or2dl JuPR4alidN(SO€FeCEps on the basis of its coordinating ability

for 1Tt um ion, cOMRRkRekhdetstid by &E*&?Eh@ﬁi%@ﬁﬁ(ﬂﬁ%@ﬂ%@?aﬁljuﬁﬁg
vapor-llqwd eqU|I|br|umo ger e}}13 gaésu bst ance elgé; g

sufficient quant¥gSPITRRY ¢ ‘H}g agtyp fasjiitate Brogessine. Bt 0¥ ?%’B)?rf rom t he
l'ithiumion, and:hpmclsmhwqtablhtyl,yrsuehmhacﬂeﬁmﬂﬂn mbdifieafiohseanalm/cotingdnly | at i on or
azeotroplc d ot 1?%‘“%%*2?“?3&‘0‘% b0 BAERIRIATA o prlciSRIIR, HehVimRnliol D o

ST hor ont 6o | b e thske 1 ants Jike s SYbsnave htgss Bhe devralle fapst

addi ti onal substthepresnt ineéntide oothg arihods emfioyxaite schisltieones, phosphat es,

phosphi ne oxi des, sugffixfig i a@xp}&%o@%mﬁ&m eeoael:aﬂ@mﬁ@& te, tributyl
phosphat e, butyl ene carbona

458 - DeffeRias gosh el
g- but yr ol act one,OBYeRiHE PERNS °W‘bln biias ey the $8"ns°|§‘5’i“Pg donor
subst ances. Wt gintofithe condusti aompnsitornt bengrmpdoyei fiedtingymaabrd nepéssarge to

titration OrBSSO|ﬂr61v1§é’§Iﬂi<§é1t %xxh@%ﬁﬁw@@i\é@@sﬁmd bl RmalovsmfiRaRh! Ded
procedures to % |ononegrpn€ g hvvater co%g{ tEIS s t an 100 PPM
may easily be a RRETEY SriP EAFhe3OF BUUBHO SV xgma%?  for the

i onomer powder . Bixiig@pparatuhad iserewextofdetshmllmaillhdugh iotensigkiateh mmm sfchr ti ng
iononer is descrishgshepgdow. 11 WO 00/ 52085 PSVF2- Met hi de Preparation

PCT/ US00/ 05598 Conversion of VF2/ PSEPVE (9.0 nol% to -C(Cl~2 Li derivative
A dry 3 L flask, maintained under nitrogen atnosphere, was charged with
VF2/ PSEPVE copol ymer (9.0 nol % 100 g, 97.S nmequiv -S02F), lithium hydride
( 1.45 g, 183 nequiv), and dry THF (600 nL). The stirred m xture was cool ed
to ca. 7.5C, and treated dropwise with a solution of distilled

mal ononitrile (6.10 g, 92.4 mequiv) in THF (100 nL) over a 20 m n peri od.

M xture was allowed to warmto roomtenperature and was stirred for 17 hr.
The m xture was cooled to ca. 5, treated with ice-cold distilled water
(dropwise initially, then at a nore rapid 10 rate), adding 2000 nL over 15
m nut es. \When water addition was conplete, pH of the m xture was adjusted
to 7 8 by addltlon of dilute acetlc aC|d The mxture was heated at 65 for

. - o . .y "




15 the aid of mechanical agitation at reduced pressure, the ionomer powder
was further dried at 125C/ 10 mmin a rotating, nitrogen-purged vessel.
There was obtained 86 g of final product with water content of 9 ppm as
det er m ned wayooksaess Fi sher titration. 19F NMR (acetone- d6)>c$mymggs-77. 51to
-82.0 (m CF3 and Ogg re?azadeoodm%ﬁt dt%he ﬁzseﬁ kBt hﬁﬁ%&&én@bﬂﬁ@' s at

-92.7, -93.1, and m . wWth major
signal s at ~115prefen lasi‘f% y3f°f“3ﬂ% ‘)rO&PQF‘Q%’P %‘;’fegﬁﬂnmﬁ’f‘?ﬂ%t"(@lf% , a=4.85),
-122 to -129 ( npre-hedtedtd ) tempiefdin@ iff the rdgige 0£251t008)°C whumnﬂteangre&mﬁh 9.9 nmol %

conononer Conte | 0ss at
550, BoC shome %g*g@a‘?é o 47k ios cHihoRlch! S Q0 ep Al 0l

very weak Tg
at -37C (0.017 thegughia ﬁk}p%e W“taﬁépﬁ%‘rﬁ?‘é‘é‘mﬁe‘?’}ég’h‘ﬁ . ionic
conductivity vvaﬂectﬁetlmnntaﬂgdcti\mtddmmm ekimpdedeInhoder o6 adbieyt besttesults, it VWO
98/ 20573. All c I herw se;
wat er contents 0 ggsgtﬁ)lt/étragﬁérg‘élgl? %}ag?lg f% g\é‘ﬁgg“%a%i?g %g&%‘gﬁg‘?%ﬁ nbel ow wer e
| ess than 30 40‘”’113 tgspheteed usi ng Karl Fischer water analysis. EXAVPLE
1 Al-liter verti cal[twtllbermxdexmnbd)wmfmﬁﬂimﬂmmgﬂﬁtfdedihg&ﬁ@bm of an
aqueous sol e A
perfl uoro- ZH%Z IFliﬁ%lposul Eg%[p&a?{: H;)%ﬁﬁﬁ]%?{ﬂ%& me%% 1(n29 0 g,
0. 065 nol ). Theth9é§§@?en%&§“3‘frﬁ§% %art‘\}&rﬁ‘%e“&%%één‘i 1‘@91%3@1 ni t rogen
and vent ed, cooieqdretn&nabﬁ)malﬁgbmlmﬁxmgacuat ed. Vinylidene fluoride (50.0 g,

0.78 nol) was added ﬁﬁl%dtﬂpgcléstéfgf’%rﬁ}zﬁ%m%‘%@ éowegn g to 60C.

A sol ution of potassium persul r a 10
mi nut e i nt er val A\PREAS knpwndp thedrt dn A Rept TE empgyingent astipglly/ forngibly 0SS98
decreased tt5 cacompbbitipi Isgxtradeditivengitflay opéirculansiln cesheetidicudn itde was added.

Af t th t d to 50C
andadded 1o ant g&’*hﬁ?é ““‘e"dﬁiﬁé‘%@f};ﬁ‘%‘c‘& BRoNE ) ARSIl BRRERLEL - Ped

product was fi | #8igrshes £ onnaql,@aﬂpq fugther founeg;intp ggictes 8tir ged
vacuum oven at mofeG0fipleXiskape bydlermbfoaning dIanotheenifodintent, ¢hecshpmeldy ner .  DSC

DL, My X D Mt 7 3 15 22T ), e

0
det erni ned &Y a co E‘}?errffll E‘hﬁ‘{mﬁﬂ "I{I&Qm‘fgﬁo’kl pranode s fomeaddy) - +45. 57
(s), -78.0 to -mxifg z(mﬂextruthng:lnﬂu f8i683 compdeition tomprBmgOby( weight, $26%8. 646), - 108

to -116 (series YA 127.Y/ 143 to
©144.0 ( gn Q= Bﬂfe y @10%20f éferré:phthlqu?n]mﬁd?her, 1%) 6 ?rabl% 20 gg%%?f;/ rer so

I equl V.
produced was su%B’é éls‘i’lﬁerﬁﬁg" %ﬁ‘f%’mfet& 68&3 l?ﬁ“f’ﬂe‘ECQE g Li2C03.
The resul ti ng nmaterialeangals1@%, prefexiblyr2edda.ad hednductiveakititive.f Optidnathy up #f t er
standi ng at >4 Oom%m%fne.wn@r&%mlﬁs% ef@i‘ﬂbl?@ﬂ't&l@/’&‘@faﬂ'ngﬁlé’fhin Whidgpnol was

added and refl ux was é)ﬁntl n uot showed

:
>99% conver si on®HierERA B‘h S°'?‘F§BW&§ 8?6 d, aLSB’aVls?‘%Rqﬁli‘ﬁ@% @i et i es.
A portion of the desirbdibpodne(of 8Kill i the wei svhichrdowetisubstaigivelyatfoctithe and t he

Ir’::ﬂ: t : 28 %OL?u%gﬁH'vEﬁﬂerW%? t}krd‘é‘ﬁfaﬁii rWugg?Il’?thé bx’i:&'h@m@énﬂ%ﬂl ﬂ ;g&ﬁfrcd {gt ® . The
aqueous phase waefl ﬁ%ﬁ’d %&nf"k‘{fgﬁ gg’iq\?ra yrrer phase
was dried id0a nitr o’@mmtrg@acu&@mmd\sembmfoﬁm@mﬂ\erpro@&slfor fofﬁlnag aesul ting

pol ymer crunb wag,de meﬁmeem&lstsac@&fcewo%hh@rmm okided &h WiiGliuper e further
dried in a final torg‘?% ottle to con@hant wei 24 hr 58)%OC) using a

ni t r ogen- pur ged ’\9 §5: ortEoxigeRe 'élfnoﬂ@y(fg")mm epmpognds tipy i gnal s,
a=7.00), -91.2 ¢ilegmentgdqny26 ahglinga suchets t8ge émdose@ﬁu‘oﬁa:u(vcﬂnaotnves conbi ned

a=37.171), - 108NafocombesitedsH Andies for L91daFatBles; by, M il5. 8, bd mat

-117.2 (co ne ;ﬂé n e d 1,148 (center of
bd m _aco. 43%) . FHERe§Iegich] andihdsfaiclaernon(ty %‘ﬂg@ec@m@% sigp obe m

a=1. 157), consi sttivamapiriahshquidaanse diom aboutclotnd 08 migrgnso Praferrediare Q&EWE 4. 9%
DSC (2" heat) shetRd ctBatkmthobehdddshtitBl driphtied, bAGSHOhiBRrsaEsptPialig4- 8C (15. 8
JIg). In a nitrogen purged gl ove box, 1 gramof the dried iononer crunb was
treated with 3 grans of a 1:1 by volune m xture of ethylene carbonate (EC,
Sel ectipur, EM Industries) and propyl ene carbonate (PC, Selectipur, EM

I ndustries) in a vial at room tenperaturegand mani pul ated with a spatul a.
The vial 35 was seal ed and heated in a sand bath nmai ntained at 130C
Periodically, the contents were mxed with a spatula, until a uniform
conposition was obtai ned. The resultant conposition was placed between
Kapt on sheets which were placed inside a seal ed pol yet hyl ene bag, all of
whi ch was then placed within the 13




WO 001 52085 PCTI USO00/ 05598 preheated pl atens of a Pasadena hydraulic press
at 125C, and pressed using ca. 1000 |b applied force to produce a nenbrane
sanple ca. 10 cm square with a thickness of ca. 1.5 m|. After pressing,
the menbr ankOR¥¥%S ansferred into a nitrogen-purged Vacuuﬁ?’ﬂp%gfﬁ%r es

gl ove box and oprefeeed arA gapbitdhpictotBadssRclbasthosp iprodufedttlyi Gsakadsrindapanas cut
using a knife gw:;%ior@g@rm ned to be 3.73 x10-4 S/cm EXAMPLE 2

A copol yner of SEPV. nt hes zed ccordL n e.foll ow ng
rethod. 150 g of pampgRie o aaNUbISE G Bt S BRiR R b i EraR 10" by
combi ni ng wi t h suches cakieprarton b%k,gpadfonéfubmsmndmtpaﬂ giapliteometalicdlakeoi n 600 m

of distilleds 1clbksdf*%9 Mam&fs |séébldh1G§el of @tﬁer r@fwegf inkth etalt - The
suspensi on wa iter total, vol uge t h, addi ti onal

u
distilled wat erconﬁﬂ@vg&ﬁﬁgudwug%a%t&m%ﬂ@ﬁa%%mt%l S0 trogen pur ged
4 liter hori zontlattronicaiy-candactagpolypeeds such as polyasiline nf pdypyamlet Rreferredal ong

W th an additionglearhedfiabls Jﬂ{h Hiafildly lo%asum&@&ea&ébain@oo ﬁﬁﬁ{/gs 4@s
evacuat ed) then pres ur| i/vl Wﬁiaﬁ;‘? dr three tines,
then heated to & asg GP?‘ ‘éQFrtS(?Vﬂg‘@“‘péq“b R aléﬂlé“f LIPS’r]fde and
agi tat ed at 1200cdrpon bldckdmab asurtace afea afiefesmusy/got assi um persul fate (0.6% 50
m) was added over aqn%fﬁhge @?Jfér%enﬁ%&ﬂeﬁfofﬁﬁéﬁﬁ%ﬂhﬁn‘%ltl 1@&‘&-}&1339 at 400

psi until 22090f VF2 h ter 1nitiator on |tat|on was
D0 st opped” and’ eHRbIFEE SRS 0 P A A AHA WG Y TN ok y

di spersi on was preferably 8410% bvefetred thagioadreeny Hi5(h,quiefetablyt20e30%as
filtered through {ék‘érféﬁ Gﬂva{t*?mm ¥R§6%dp r\éfePa'Blmt /9 o?E?élE&H,'dé/-a&R/ere”Dve

pHARRTIE A 1 ah ARl DR

(acetone): +45. 22%>f aminert@illpr, or-up8o 00% ©f a 8®bile kthivgmsatt as hereifaldre) , -90.0 to
-95 (ms, a=21. ﬁﬁs%)lbecrrﬁ e ad& ﬁs%%a)'r ﬁ&h%em;‘).‘ms%my be ée%%c(ﬂﬁl 0 -127.5

(mMs, conbi ned a=2 nsi,st ent %

(6]
PSEPVE = 9.1% ®R¢#h sﬁ' @Qﬁmwmlaéo e9trssl?stan3wy éct the aphi orrer
charged to the dmbleresuhsof&h@mnh&dvé@pm h is prefenred ﬂlmatod‘dlepb@wbad,tand
copol yrer . roagh]a% BreMS%BPa%bi@J‘ﬁthiuﬁxss%lt%%&Jd 375C. DSC (20/mn): 30

maxi mum of

ansi at .15 23C. A
3-liter 3-neck flask ‘F‘?ag{eérar%ietaﬁmb E‘Wa’é&ﬁ“ﬁ’&&ﬁ%‘ E‘f‘lli‘er%ﬁ'?°(iel'%‘gi‘ﬂ9ﬁ“‘°ﬂearl ng),
refl ux condens eunchulnakahdlm“mﬁaﬁ,qxﬁcks pawrhtas swisel Cin gyl lapered LINO g Ldﬁlotzhe

VF2/ PSEPVE copo ( and
l'ithiumcar bona’%@?{%téﬁgc ﬁf)}f){ﬁ&eﬁ%@%ygzé\gwgb 3’r(gregpf or 24 hr
at 35 room terrpé‘?r%%ﬁ‘gec‘mm ﬁ’éoné(‘e ﬂ\ﬁé@‘“ﬁ‘&f&é’&s ?’ﬁe m xture was

heat ed to r @bl uxonstoichicieetrit aimaivmdeammiphmioveﬂhhhlaﬂ&kbﬂdlﬂuh:aedmm rope was

inchanged. 'O st [Tt peigun b SR THESUGHS Bompdin el KRR mdlifcdt ared
and the distill gf’%‘n&&’“ﬂl‘?ﬁbi%gw ag@‘f? b@?’ﬁ@l’?@@‘ﬁ"@ rSY¢ é‘*’%ad reached
ca. 108C. PropyTitteZosy N@HaCet( Qe 8Crit, Felg fﬂ3*gNmﬁ+sCoﬂ+l advin}t andabe over

si eves) was addmeom@eﬂbé&d'elamtelmeﬂmuﬁme foR R CatBdd éor&ptaﬁu@ﬂ ﬁEhh+ ate was

free of nethanol. .The sluryr ool to r.o erat d fjltered
LeTrg h O B0 it aRmpags dochas d T, hreefi AuEAR, of methl SRS et 2%
renmoved under niTiS,parevioS acldcttonizally-oohdottinggmlneasitieas podyaniling antt igs at nospher e

to provide 221. zleﬂva%%esa BISIEﬁi‘Jé@éM W%Wﬁﬁedeuvﬁfve@m (acet one- d6)
featured: -76 to- ih @’l‘? %,é(a 0 })61 6& tfj‘i %ﬁ) f911)65 93.4
and -95.06 (nindP®Yam 6‘%?3’1%“2@83) YIES> F JRIXHEs of py)o tEifbf"gi"hgl ets at
-113.5 and - 115.c8mpiahdm Bamsl&ﬂc:thb@mtiypnwna&ow&)ngefrm&bmﬁt l(todf@er of bd
m and -127 ﬁce%lgfoanPliaférr@am@%tﬁ@ﬁn@tal‘&dleg&)chasﬂ:ﬂ@@ eniNgb,,0f bd m
a=1.212). Integra é(ﬁ W@E’ﬂ\? S|stent wth mol % Li= PSEPVEY 1H NVR
(acet one- d6) waditefziae %G04 one pr opyI ene car bonat e nol ecul e per

pol ymer -bound lithiumion. EXAMPLE 3 15 In a nitrogen-purged Vacuum

At nospheres gl ove box 0.5 g of the dried crunb of the lithiumiononer of
Exanple 2 were mxed with 1.5 grans of a 1:1 by volume m xture of EC and PC
(EC and PC both Sel ectipur grade, EM Industries) in a glass vial which was
seal ed and heated to 100C for several hou®s to m x thoroughly. This m xture
was then cooled to forma gel and then, still in




20 the nitrogen-purged gl ove box, placed between two 5 m | thick sheets, of
Kapton polyimde film (DuPont) and the resulting sandw ch pl aced between
the platens of a Carver Hydraulic Unit Mdel #3912 preheated to 105C and
pressed w tWoeo/s2e8h force of 1, 000 I bs. The filin that r@erusenossss cl ear
img gni f10r5m and ca. Til@@oﬁdﬁ@:tivlaaﬂdlii@d@@ﬁl%le@‘l@ﬁh@ﬂﬁbﬁﬂesis(bfﬁﬁﬁﬁg_ herrpgr aLur e, a
y cm sampl e of. t . : | and the
conductivity vvefg{rgéet%?% mhg?gtg%ﬁ%gg%gg‘iﬁl%% %Wﬁdbgg 9 g of
CF2Hr CFBr OCF2 CRle®E¥OCF2CF2S02N( K) S02CFg, prepared according to the method
of Xue (Ph.D. thesi $nth@| BfeHSdMﬁEdﬂixhéhtoﬂtﬂQﬁﬂesenY\ﬂﬁcﬁﬁndﬂﬁ%ﬁédé?d in 100 m

anhydr ous . Zp-dust de Lion and t he
m xt ure vvaleggt |°Pﬁ’8€e Eﬁﬁf ﬁg‘r gom %gvxgtz’r%%uarsceiw}eﬂ?{mved% %%A

f| ltered and rmeadecbﬁ/tlumtxwowm@esmfsth*r mmu@alma@ﬂt Kvlawl;met,mﬁeﬁln@su due was
conbi ned with 3Qfgko ht@géthwunaamyagouac&fms upalaveréustmmmﬁlb was

stirred for 5 min r ext acte t

aliquots of di esfﬂ??atop'?eﬁgré}wfﬁe% bﬁk'g:eteﬂ%c fpd £7 V4 é; %t%lgSnbl ned and
washed three tiawgsntgoli¢rtdrs being dismsed 01mlthqmyi@fd}fe 1&@?@@2@&&%@ The et her
was evapor afed Hader saidf eaﬁﬂﬁnﬁéaehanmgmhmamr&%blﬁbeed%nﬁuﬁa &cted to
two 15 WO 00/ 520 PCT 00 0559f8 or,t ath i stil Iat ons to obtain 50.6
g of the acid gPYGIErHREIL EI“—‘?@E‘?U'—%I Prsag og g (59.26
mol ) of an acndctplhgmsrdtessyfwlhestrz@@\&lﬁhmpmmm‘gm@rs sudsanmswsved in 25 ni
dei oni zed wat ercohQikiapait ivonee einploPell iR fthelptdeeds df‘th@ﬁmve%h@n %uﬁeﬂt'

sol uti on. Water nder,. vacuum and the r r| ed at | 00C
for 24 h. Yiel wo&géoréag@é% by mejalized plagts g‘("‘éE "ﬁ%h%i— ey S02CF3
19F _NMR i n R0: we¢tgFEspeginlig preferred am 203er 00pmm thl%cqvpmml alumjnum) 15. 5 ppm  2F,

-1 17.3 ppm  1Fsxpankiéd nfbtdd Rigbhed for thelahdde/an@RBhodef res el:&@l)l ppm ; el enental
anal ysis: N (2. 4g

41 found, .52. 31 %
theor.), Li (1.15% fhg%H%Aij‘l&E o {’ﬁ%%‘rso da}lgg TT@%&@%S&& °g§%n}§§6}lgt heor .
12.80 g of the @WM@F@; mgo”éhe@ﬂn}ﬂsé@@@dmaaﬂbsfol ved in 400

ghdel 33' zed watﬁéssmgdnr»ﬁﬁ%addamwu@%r@ oﬂ.ﬂumrmsé he€l i3 nfithétOhd phet-at  60C after
the additio

of otas er, ulfaeln 15
50 g dei oni (ﬂﬁ?r@pon 5&?0? '(’11%5 ?er%ﬁled net(%lc %ﬁﬁ%‘ﬁeﬁ'&f 3 op.
cit. except thaby tbneros@sspﬁ&@mnqqmeiemdmmomthpmulanmdswfzsmgiﬂ yrrer was

i sol ated by |y0ﬁﬁh&dtﬁﬁt TRése aﬁgl iffbhide Guidre AckYinife@ o chlenbering, folaidg] 40. 7 g of
i ononer havi ng

7 ol %o h d t.1 onal d cQ oner as
confirmed by 19?'—“%“%‘ Ofﬁél)(ys:gsSg (ﬁ‘fgﬁg?%]?%ﬂrfém oﬁée)mﬂeor.), N
( 1.78 % found, e@gs@e,mm%er ), Li (0.32%found, 0.37%theor.). DSC
(N2, 10C mi n25 2"d hearh)e pedread thegirésemanveatitd mayf belibtbgited lmbiam'gér( acetone d6) :

“350% oo CErrelSEp M SR B s A

at nosphere, O. 5ppgmer ing wqcesaawmcﬁaﬁebms?nrﬁbedmﬁ@ Bnﬁﬁdﬁhlh@d in a
gl ass vial W t hjcBeferg&anstity profiesoled dohtalGRWE, ah® Aetier inclhdifx seplsacky and 2.0

grans of a 1: 1 ? &ﬁé"lpmﬁw%ﬂgg‘ﬂ%{‘gc and gammebut yrol act one (GBL,

Sel ecti pur, ries nts were m xed by hand using a spatul a
then the vidl was scipudingabideysconditimmethapughpetthe propessicaeimporiadiur s until a
homogeneous andfeaiuwormm@vageexmmdﬁaﬂ&ypa@oﬂan& [Fioxthe herpuées ofel ed to form
a gel and hot PLE Fé%miﬁ t was 105C.
The filmthat é “1%?9‘58%‘&‘%‘ ear ds:ﬁu '% ‘?[%gecfét m cer%%ﬁéfl n

t hi ckness. mcea%bl@bl’% PresaARly @ﬁi)’é‘?’h@‘lﬂ“bm ppm. . Bhechyerogcopicmnatss ofenbr ane
sanpl e from t hi fonb@krspiakesemobal lof WatebprefertintinlBi to Gatterk SulVentsardifficliie i oni ¢
conductivit ! Eé@hﬁ nsi de the
dry-nit rogeﬁ pu?%%&ggﬁguﬁ %tgngﬁﬂgl}lgé%dé%m&) %%?(Py ‘gl% hﬁ f%ﬁg dried

VF2/ Li - PSEPVE |6?fbl?%lf-‘méﬁu°é>?§ htesr 82"09&%”8 ﬁ%‘i"ﬁ&&tmﬁlsgﬂg&ymrmgqomt jar with
15.5 grans (62 pfoc8ssinglof the ERORPodefand sephdstor fistmatatio®ss , Than ABfollowing bafery WO

00/ 52085 PCT/ USBQJcQS? §t%§s should be kept under anhydrous conditions by using means known
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of Super P carbon bl ack, from MW Carbon, 5.375 grans of a 1:1 by vol une

m xture of éthylene carbonate and propyl ene carbonate, Sel ectipur, EM

I ndustries, to forman extrudabl e cathode conposition. The m xture was

mel t - conpouW@d/52085 a CS| - Max extruder, nodel CS-194. 5 Extecwarsawosssanditions

were as fol | owsi dRoi®such 89BIRIGGEL IR irodméts Wi fitogdnastpaicRineft @as pub@C Gap
between 1ot or anr%é{}eaggridmo%s o% d%ﬁ&ﬁg%h%gee %EOmelr%gd ofig ba%tgry cg%pg%ents

mel t - corrpoundedd &'F 2ur

di aneter of 0.3maghe drsmidndw@udm qr dig eqaabingtion ugpaglgarpémow ingile assYch agr y
nitrogen. A sanpifufhdahify, ex&:&udﬁmak%mb v&@&n@@hﬁoﬁﬁéaﬁdg and transferred

into a Vacuum At mos e:{gﬁom%fsgé{%alﬁggor\é\fl ra&lcQ 8??&1% bre %ﬂp{r& I] arc t&%?&l{}’r ogen

i nside a seaf ed cont guan e extru e’was
mel t - pressed asexms@«hmpgereaarewétptprqméplvsrﬁs mastppeticiagly avaiggnd 30C and t he

ramdforcte was 2heafoll BiSs kibwinOh Methrt thit ?Lcsﬁﬁent%ﬁ@hmﬁléﬁrlﬁ'e &élét@ﬂfdiﬁssh AAI 2
mm di anet er speC| | S I1m n ras C n
18 mm di anet er ?'ggP%{%?’“F‘F ﬁrﬁ)&g"gﬂ%ﬁseav%ﬁ}{”%s 5‘7 ‘H@crh "Pnspscggs"gd film
of Exanple 3. Nekilllrethe oft withappeecidts thet meidenl potie xgdusntrdforny salvatesomitiethmed any

mobi l e |ithiggm ﬁﬁ‘xﬁérﬁoxeﬁ&'shﬁabﬁfol' ﬁsefiﬂ)fﬂe%é%&ﬂ nWeﬁt'iUnn ﬁe&'s@l«bﬁtep gQvi ronnent,
t hese cat hode and 0| n cells

t
with 3 |ayers oft a@i%p Bend; gc‘}PSHHFﬁP%%F‘i ‘fOtnFl Wﬁii’(f?étt}éffeo sﬁ{h?ngeﬁ mI'he coi n
cel | was cycl edthstpradtice Q’ﬂ@ praseat inyention that, dinthe gase af ceridinsohvategsuett asr oom

tenperature bet u&%@ammem @hlfcﬁﬁﬁs|doﬁ%énﬁor?a5nﬁ§ns4>fary‘lﬁga§lﬁh%s Yo drd@aci ty
during the first char /gg whi | e

capacity for thé(acf\ﬁuplsgredqeg%ﬁgfggewggmﬂge Igosﬁg(e?t@'q’oﬁ?%groﬁbe ‘reversibility of
86.9% The &2l stillntheteapiveyh@@%Unotg undsr vaghumh & incdfeptuel, itys molsrrediteer aver

100 ige{l/t i cal zlm ] ﬁﬁh@fyqscsm&hﬁ@mﬁxmalfv&@@désméd ARotlcNRuiiy - Ni f rogen
pur ge acuum At.nospher 0 r copol yner

D VD w st he UG T PORAR e sublief s Forgimet B aﬁé&é@@%ﬁoﬁb%? Lo

Exanpl e 4 was cmmwabmocqqs,as fdlows. Gheionomerrs gintagted withan dnegifligidasuchFl ex 2801
pol yvi n}y' :_ denngaé gﬂueh@gwmehafdvm{ M@lwﬂgﬂi@ sGRIP e Y eRknet. rm&g&g&h@dﬂb I 5b|5 y
grans O | rom ra r car pon acC

from MW CarBon BedRiruse *§aggaﬁ5¢§“° ?d% tiof%l suﬁ%‘“@%lsﬁg %&#‘Egﬁmé C and

ganmma- but yr ol actcmrém@m_f)bﬂltlsﬁirél@vmpm, c@npatihiis with ether battényrcampenestst r udabl e

cat hode conposi tah&ﬂapoﬂ-ﬁquldmmﬁﬁgﬁ%ﬁerﬁg W&%%&n Bddelin4 SUfRcivaS

nmel t - conpounded |n ru3|on ondltlons

were as foll owsd ?%%E%Wg@?‘éf%}wélglsﬂ@g‘o ?—&Qif@ y lﬁ?lé P08
bet ween rotor asubshguedtly :emvafrmnﬂmemsbwd@@iﬂatmzr a:pmtromg dis6llation. It

25  isrecognized that solvate formation is a consideration for other ionomer

applications, and that these may require other choices for the ion-ligating
substance to be added. Suitable additional substances include organic carbonates,
sulfones, phosphates, phosphine oxides, such as ethylene carbonate, propylene
carbonate, tributyl phosphate, butylene carbonate, fluoro ethylene carbonate,

30  g-butyrolactone, or sulfolane, or other uncharged, electron-pair donor substances.

Water content is conveniently determined by Karl Fisher titration on solid

samples of ionomer powder. Using the above described procedures to dry the
ionomer powder, water contents of less than 100 PPM may easily be achieved.
Water content below 50 PPM is preferred for the ionomer powder.

35 One embodiment of the method for making the starting ionomer is
described below.
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20 25 30 35 The nelt-conpounded material was extruded through a circular.
die with a dianeter of 0.32 cm and was collected in a glass jar purged
with dry nitrogen. A sanple of the extruded material was seal ed inside the
gl ass jar awadousassferred into a Vacuum At nospheres G ovepdd9isowbisbs a
positive pressure of ni trogen Apdvis-Mfetiadptentdiioy of the above extrudate

was nel t-pressed as |n at e rature was 110C and
ram forcepvvas 20, 000_f CFS(IIFPWer EZ%%{ Br%olj tpﬁaﬁ)arkdm%pss A

cat hode film havi ng Ad&2 Dk, ﬁﬁﬁl@ﬂedm&crmﬁﬂughﬁﬁinﬂkﬁheﬁf whddhargkd Withusi ng a
of “Exanpl e 4. BSTHTSR (B0 R 10 ReP 00 b ST HRERSE 6 iy bigR! e T
el ectrol yt e Sol (45 1 8bmpaiveanskdry THFNAQQ mER The stirrad mixtuzspagegoled ta 20 ni
glass vial. Thig, qfstdncwleueatdd Gopaisaivith afsblhmﬂ/wrd@suas&embh@dmt 0%, ze 2325

comcellsvvlth Iae m Cr. iU S the
negative el ectr chi% ¥h c0| n @a"sz“aﬁ% <L'r(i:o('l‘ll glh Qf OHSL% charge and
di scharge at rowsm torrpen smpegatise E’FP&flﬂéd%IWégeTMWiWewsmoﬂed\roand 2.8

V. Capacity duri beﬂ§° tula@teci wttatcecdaar(gmufe@nvateheirépv@m&uaw,t e @t a\ﬁt%relr&?le mAh/ g,

whil e capac y f was 149.7 mAh/g, giving a
reversibili é/ o?a d &?fzgapam tgrcﬁamftaﬁe ‘tenth discharge was 147.1 mAhl g and

the coin cell achi evWhemwater %dd!E@O way eomaplete pIBobhemixtue wanadiusgd toJBaci ty.
EXAMPLE 7 The r ﬁHthQ:lnrofolut@ addtic abitl] Thelin®Burk Mas hé\ateqraogft%pbozrﬁﬁﬁm was

char ged V\nthaso ni. U upr 09 te in 600 m

deni neral i zed V\&‘t %"e@é‘tf?%%“&b?r@'?‘éﬁw arkodi1 ﬁﬁﬁ%%gp g’f"i‘%\)@d to recycle
to mix the surftosedin posaenstwigys lifersiof wasn 60°@) dissilled water. dbferdeying withd wat er
hel d up withsn {heaiddmwcRinicl aglﬁﬁoxﬁat@édu?ﬁiﬁoﬁm‘éﬂﬁe Redeaet ﬁoe.rdt-,h@asr eservoir

and the system di sper sed
PSEPVE enul si onﬁ“q‘gmaned %Ssv&%/ivgs O%anécntm#%fl%u%%vﬁsfcﬁ etf%?”ﬁ?ret ric
flask. After t hebtplegcbti%ptﬁménrosm@ vepisRgontars of ﬂppm@ﬁqudbydiawat er was
added and purrpedlshémmgdm 1R NMR (#28loh@d ) siehed: he7.5 ©B2.0iIMICPSEIVE enul si on

through and br | Bgtet Ni2aloB) eby 0o} b VOMUIBLE el 255 110 dloax,%c{]-ﬁG?ark A 4L

hori zontal aut o¢l a®’ ttrogen and
char ged wi t R0t heHa6F4, 67 He#b)prlA2 &nﬂ%{m,l@ﬁl TPBEFSL@alS'Fhé p-8aed dd734VF2 WO

001 52085 PCT/ CTR6rs45788 - 1S jr;j Jiabyss)hrteet&mbaﬁ £4 4¢)/aﬂ15€8t(kﬂ19 fol I owed
W30

by pressuri zi ngat0, ( i n ct was again
evacuat ed and hggt 30%2 '('5%‘!1\,”%é ressuri zed %?r%%&f ggntenl-hﬁteﬁsgl tdene
fluoride, and aapﬁeﬁhéﬂe pnsg erpﬁht 0#@@@59?|W§1¥°“@é9%@§“}98t“&§wem

persul fate (0.6%1°%02. 1) mRisvechied Ty r37aC%0.00 nWag)per i od. Reactor pressure
was mai nt ai?j gd at 300 psi until 220 g f reenul sified PSEPVE sol ution
had been fed after initiator additio on was stopped and the
reactor was cool ed altdhg WSh?WbP’é’évul@lcﬁQnﬁiﬁcFWV‘d@%dﬁ@ was frozen
and t hawed to cfidlpuwimtthe inethodoHDoyE etvidhi WO 9829573.1 t ered t hrough nyl on cloth

and washed w th wat ehyCeagaliedte et tstgeamdgmets@&te%tmﬁté a1 drying, 10

pol ymer crumb was drie um_ov 0C for 24 hr

to give 364 g ofopssyef@nhydreys W%@E@F@)F@Yentwgi IFT‘(‘Qbel%'-WﬂBéf)SS thagg 0 to
-80.0 (m's, 3a= %0 pfifihs medsrdd using KA Kisther, waer hifalpsdy., - 108 to - 116 (series of

m a5848) -122.0 to -127.5 (mMs, ¢ =2.357), -145.4 (bd s,
a=1. 155), consistent with nol % PSE 10/mn, N2): no weight
| oss until 375C. DSOA‘lshtE’z‘C?Jtt"ﬁahﬁumﬁﬁWPﬁ'ﬁYﬁ‘Eﬁscbﬁé%w‘g%ﬁqq AkpLiap aAEORS on at

162C (23. 3 J/ g) solilifen of 26honiXApérflEor8octandatei(1 grand parflabrof2-@skuckdsulf@ylwi t h an

head paddl
g‘é:;ggg Wpf‘h 28 8%*%?’%?# Jn@f éﬁ ﬁg@ﬁ?ﬂf%‘) :0 f'ﬂ‘ﬂ%ﬁ E%P”‘i‘ﬁé’#éﬁéekggélh?eﬁ’as
met hanol , arid 13‘”‘?&1”653(9*3‘1“? Eﬁ‘rf”é‘&%b%‘&tvéme%°°f}ﬁet°ﬁi’%ttér%aWas stirred for
48 hr at room t evgested. UVinylidbne findridef(50.0 gp@Temal svasaitlied andhelsticed M Xt ure was
heated 1o Tef | Uxzdoiplf ditfentndrE HENE 15 8032 5o dJﬁ@ﬁ?B@%ﬂﬂﬁéﬁﬂlﬂf&”e azeotrope

was col |l ect ed e add) t ona uene was a e volune in the
react or unc han\glg\li&})8 Bitsty mp s S?f{eaéger@olﬂtmlﬁli@d’ el Iwheﬁélledﬁ?sﬁ‘ﬁé hadya(
precipitated and the distillate tenperature had reached ca. 108C. 25 1 G 7
g of ethylene carbonate was di ssol ved in jpol uene and added and distillation
was continued until the distillate was free of nethanol. The residual
slurry was cooled to roomtenperature and filtered using a dry,

ni trogen-purged pressure funnel. Mst of the adsorbed tol uene was renoved
under nitrogen, and residual anount was renoved under reduced pressure. The
product was transferred in a 30 dry atnosphere to provide 218.0 g as a
free-flowi ng, white powder. Karl Fisher titration, which invol ves nmeasuring
the quantity of water evolved at 180C showed that the water content of the
white pomder produced was ca. 24 ppm 19F NNR (acetone d6) featured -77
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WO 00/52085 PCT/ USO0/ 05598 Anode material was prepared by wei ghing and

hand-m xing the followng materials in a 225-m glass jar inside a gl ove
box under a dry nitrogen atnosphere: 5.4 grans of the lithiumiononer so
formed , 5 B28588%%ans of MCMB 6-28 graphite from Gsaka GaBcrZtismsiossags Co. ,

2.4 grams of SupgfeaRRd3std 280 pigGkothérdm d\BYVidytiadiR MuoAdhwds/added) rszfei o:‘ adO_. 1
| SSOl ve In

M sol ution of b{bg etrf Ivbjorcgetﬁyl,g}s%%fo(?%ér)dii Q?sx%% | E}haitu 0%6.16
a 211 mxture b Fémlt Breodp ﬁ e % onastpe_a_ncyvaﬁ yff end cafbonate. 10
The mi xture so 4dddedrtechnegualyelumens isopropensd with striag| Thaseagylated preduct model
Eg— é94- t Extr usit Qs ﬁl%?éiiéﬂéﬁa%g& wg@:v@tﬁmﬁqtkih@m rgi??]éeﬁf uigeawwuaﬁwvefi gtl é 5 tC
ader tenpesatyre: 2 r r and. header . Q.. cm ot or
cpeed: 105 The MR- TBers o RuanHAT ol £ ar i RROVPERISC RRIRIH RS com
di amet er si ngl eofst breaddmelting transitionat1468¢ (Zxt He). iThe goybesitionjveas foundded wi t h
?Lyt n;trogﬁn- Cod GI8I@ o Ald 56 home’sﬁpvﬁ,éscde{eawf ne?bi?eomﬁ?ioagﬁ’cedure as
at for e anqde, onpesi ed to xt ruder
consi sted of: 28&%“‘11%@% E%I"{%té@%%on(?fd%?‘hgsg%n@’%s'thﬁmfmﬁsed in the
anode above, 34a8 2(%8),»20.040 -85.0 (InBodZ 8i6A6) ORIt rid 6 terieesf m,4=22.721ams (7 wt

% of Superf cairzb%ylbbgﬁis;aLr1mjVMW3%tr1aa.@,(n@adoJ@9? grams (26.5 wt % of
a 0.1M solution of L 3)2 m xture of , ECBC. 25 Extrusion

z(CF | n 1
conditions were the 721157%?ég:@ﬁe%fyﬁlenﬁsﬁﬁ%?"@fﬁﬁﬁﬂS‘H@&%F P8hperatures were
130C. Separ at or susp¢nded &l S08as rhethamelhnd trsated with 3198 € 11i2G03.c Bhwstestifingy of : 7. S

?rl grrsw ( 5/53 vv]E Oé’; ;_&&O,&Shfas hﬂ'isné@%anﬁgiteme@hdxtrro; g, aarr&eld@t30 ﬁg&&}ﬂde, 36gr3wrrs%
0 h- i - , . o a . r ans

of a 0.1M sol ut 'te&PCWi{%@ggﬁé?Q%‘gﬁF@ 'Bf%eﬂ‘aﬁﬁr’]ﬂaﬁtag& fa“%@@x “@&t rusi on
condi ti ons Wer ecartisustfoe hs PBNMR of wraliguctshowedr992% canxersipn of wdfonylhe r ot or
ang headertterrpgﬁ@;délrg@@up\g@_{m;,pﬁ%fgﬂm@mg;éﬁquted strands OI:I gat hode, gnod?a,
and separator were placed into a nd. ni trogen- purged dry bgx. Sanples
were placed in Kapt oft pﬁgﬁ’g,O?hﬁé?fﬂF&PlZ@@gngjwﬁ%?W&W ‘ﬁ@f'qéaf‘é‘@i‘ aflg%eer s to
formfil s appr tesulting eolg sBOY wes tieated with 2 literst dficbldsiaters Theresultispnixtwe keep t he

rollers a m ni mygy g Q@p&ﬁ@x’i—%se?&ﬁriﬁ\%mﬁfaﬁ&ﬂr'ﬂﬁz a@ﬁccﬁl@ﬁhé&@%ﬁ@deri ng
rollers wer g I3§C, 15Cd and 125C for e%o . .
0 ecanted and the remaining water-laden polymer phase was dried in a nitrogen-
purged vacuum oven at 100°C for 48 hr. The resulting polymer crumb was

cryoground to afford smaller particles which were further dried in a final storage

bottle to constant weight (24 hr, 100°C) using a nitrogen-purged vacuum oven.
19F NMR (acetone-d6): -77 to -82 (bd signals, a=7.00), -91.2 (major s),
25 -91.63,-93.39 and -95.06 (minor s, combined 2a=37.171), -108 to -112 (bd), bd
singlets at -113.5 and -115.8, bd m at -117.2 (combined a=8.065), -123 (center of
bd m, a=1.148), -127 (center of bd m, a=0.454), minor s at -125.8 (a=0.198), -145
(center of bd m, a=1.157), consistent with a composition consisting of mol %
Li-PSEPVE=4.9%. DSC (2™ heat) showed peak of broad melting transition at
30 144.8°C (15.8 J/g).

In a nitrogen purged glove box, 1 gram of the dried ionomer crumb was
treated with 3 grams of a 1:1 by volume mixture of ethylene carbonate (EC,
Selectipur, EM Industries) and propylene carbonate (PC, Selectipur, EM
Industries) in a vial at room temperature and manipulated with a spatula. The vial

35  was sealed and heated in a sand bath maintained at 130°C. Periodically, the
contents were mixed with a spatula, until a uniform composition was obtained.

The resultant composition was placed between Kapton® sheets which were
placed inside a sealed polyethylene bag, all of which was then placed within the
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WO 00/ 52085 PCT/ US00/ 05598 cat hode, anode, and separator, respectively. The
cat hode filmhad a weight of 37 ng/cnR, the anode was 18 ng/cnR, and the
separator was approximately 75 mthick. Inside the dry box, 45 x 55 mm

rect angul arwebmsossodes were fromthe anode and cat hode fidovrisegosgdsepar ed. A

bi cel | was fabw@gegpﬁvef& @f‘&ﬁa’%&deﬂgh d}ﬁhlic £§t1§5‘t@9§& B%ése&@sﬂ@é%e a stack

consi sting of ere C1s ¢ IS separator, Ais
anode, Al is a|Wﬂh@ﬁphe%f?mca{ﬂaméacq%mgn‘a%?fp%mﬁégﬂ Cﬂﬁq@i"ml"‘a i%nation, the

bi cel | was i me#ickhet yf quatk agle dAftenpressing, diel ménshraneawas tlassderrediinth ano
extraction or %ﬁ&%@uﬁeﬁ VAl mﬂos%ﬁ&péglm?é%xlah&@ﬁehem 19%519¢Apet ween

voltage limts o acj t 48 mAh
(305" S o romeleca s mephing Mes oot Pk b RTGAE SO e ?'f&le?dswﬁea and the

61 st cycle caphtd x}0-W&em76 mAh. EXAMPLE 9 | n anbi ent Iabor atory
conditions, 58.0 g (58 wt. 9% of LiCqBga i; g FMC Corporation, 5.00 g of

uper P carbon b ‘é‘céoe&go"ﬁm“@%%é@&séb & HGHEA Sr0Eg Bdks 1  he manner
of Exanple 2 wefollowingaakthen (a0 i pf PSERVE hquid Waesuspendal inwqeotdemisidtled to a

Varing bl e”ﬂ?r 1}? mmgkaqw&lm\sﬁ ofﬂ%ﬁwﬁf g?ﬂ%?&&taﬁ@z@%w’@fobﬁﬁ in the

bl ender at an etting ost at tin or ~ 1
m nute. 27.00 g"fcﬂ‘s“él Wetepysinga %ﬂ‘&“’ﬂﬁ“;&?iﬂf‘é’ Bier %q’iy%@%‘sl"éfl%wai e and

propyl ene car bothei dijutébtbhl literaote EMiumeiwih addétonaldisilladidatdr. t Thetshipepsioer
mxture. The m f frfed\as Rhgafied eﬂpﬁx@&dfhﬂ: Eﬁt 1a9é @@@L ngnt 0 a

gl ass jar. Thec t hode m xture sofor m Xi ng
bow of a Haake%™ G&cchﬂlﬁatﬁﬂ 1396 am%&%glaﬁvﬁftﬂi@?ﬁ@ﬁ ﬁuﬁ‘llﬁ’P@r of the 25

m Xi ng bow ISAB.STISE‘EaMr iz @@icudtbd tixatpnassleizad tot QUpsig widls viayldieoe fluorgieal |
portions to t hempéa%mw théh ﬁeaﬁd@a 6‘0°@9px‘é§sh¥£‘ed~°t@Eo@ﬁslx(g]@tlflﬂﬂ}hfﬁé"ﬁ&fnd@dd' tion

was conpl eted over D nut e r was then set
at 25 rpm and ?Iﬁié’glf%{‘ ‘ﬁ@&’@ ﬁ?’?t rSqu E‘%’é?%tass’f“&peéw?éﬁégpﬁonal 10

m nut es. The r eSuinl) wgs akthoeke aFimih pemodiReatthepressak vas mahtdimedat | ar and

Slngl gzﬁdbrgo Aat abiﬁ‘mﬂ&zé efmHizgkeeemeata%ﬁnmﬁra&mmnpm 1t9@d§x§’lvefg'n ggr'eg .
filmform \/\? h %¥°W8 W@WGWF’T%#% @?’er\f\idt ﬁggf"é‘élfmgﬁll‘lp’églsﬂ%%m? olls were
set at 110C. Brwassﬁtszhnmdﬂweweﬂu@e@tda@eﬂmtodmtwhmwasrfiiltmﬁﬂsmﬂ%yﬂwmn of the

two steel roll Sclaﬁ%b%%dtvhﬁ&d?éﬁé’ﬁ%@t%&l @ refld®e £drfa8®antTD§tefﬁ§8&'y§ ng cathode -
filmhad 35 a wei,ght of 42

hi ckpness o ectronic

conductivity of PRFECHYRD %dgapg@g%mgge ‘@zuwwafﬁ(ﬁ? g??fd"ghﬁl%ure was
al so processed give 8ibg pEprkductol’fINMRideta t@ewne)i 45,2 (nAnk00)a78100gefdD t 0 t he
cathode m xp4ir e¢ Ifh%ﬁmya% bk@@s%st&ezm@ﬂem%lo 11%&9@&&%@% 6.446),
PCT/ US00/ 05598 om Csaka "Gas
Cheni cal s Co., gzééq&e%(ﬂ’es %b'gfcl\% gﬁ@ﬁ@‘fs’%ﬁ%% é"fmséﬁﬁfgr P carbon
bl ack, from MMWhmisdb; PSERVES 98 % Withia experinieptaherraghall ofitbetliquisl of et hyl ene
car bonat e agd pwﬂaﬂd OBHRE claBded W e PeackdPivhs ioe&mtéafmmmnédt&ﬁpmmaﬁ [relt
processing 5 conditions g mx ure
except that t he® ?RO? m%aFlé%‘o@?%j' P]%ﬂpréor‘ﬁ? t OSlSJé“ét& 3&2& gﬁg@ﬂ th| nner
brass shi m ¥s mesithawofiseddanelting transitineat HAdEE (331 Mgkt dig=cB°C. capaci ty
bal anci ng pur pose. _TAS- it hdck PasiRaASyit dvin a@dl@%ﬁré}'@]‘éﬂ?ﬂnﬁlﬁemﬁhﬁcuom c
conductivity of _the f| m was asure@ 9 De %@?1 nﬁ%% InS|de
dry-nitrogen que é‘iﬁ"%éﬁﬁ"ﬁ] 9%““ Yar gpcﬁt b % gb 1 by wei ght
m xture of ethyM %’S@BVE(PRHQIEIHEIEIM 4mquﬂ¢1é%9ﬂscbﬁl,we@ﬁ901dé7®dnbx e
]gHuntsman Cheni aﬁdmmn)camgraata@msig 184 e Bivy. Wﬁehb@uyﬁasiﬁrreﬁ’ﬁﬁ@ﬁnlapnorer to
orm a sepakat nu Wit atula in

Pops Aroom t’é@&%gu hFol&EnéF—bbg?L‘(’)&%?as%@%gir and e xﬁifg}ﬁ 8438

a glass via hi's 'separ d into a
filmforminsi deefkunen aralpito gemovs SRIvaRtt Meébapalﬁphume@zeqmpmwsq @élpctccbl |'s. The
resul ting separ ahie addxﬁdﬂahﬁdxeﬁcﬁrﬁb aAderB ke vdurhkSi theYeactdriugetadged i | M5 Wi th

i ih a punch t oiopHet Sy o iy f?ﬁ@eﬁ? @&tﬂﬁ%*m@%%?ﬁlaﬂ?ﬁﬁfeﬂ'e' "

carbonate and pr opyI ene carbonate contents by solvent 20 extraction using
an excess quantity of diethyl ether. The i@l ectrode filns were then dried in
the antechanber of a dry argon filled dry box and noved inside the box. A
19-mm di aneter circular filmwas cut fromthe separator film and noved into
the argon filled dry box via a glass vial. Having been prepared in a



dry nitrogen box, the separator filmwas not dried through the antechanber.
25 InsSide the argon filled dry box, 0.0167 g and 0.0075 g of the 2:1 by

wei ght m xture of ethylene car bonat e/ butyl ene carbonate was added to the
cat hode andV2M¥tA®B%i eces, respectively. The weights of t hBCHPSW®E5598

car bonat e- f r ee, tethperaturerhad irepckadee. 8P GoBropleer earksnate 61 Sk mb, He$ ag 0. 0491 g

and (rJTb PZ (215, 9t r GSARELsoted (‘/ver Ilbﬁsmimaai afi fioti|Rkion waﬁuiumdﬁufmb gs vxgr e
assenbl ed into coin.cell was char an

di scharged at r‘gﬁtﬁf}a{"e‘?ﬁ? &P 5?18&‘3'5?\/\2 v ?’gs Coo}ciato fogm i E“WC‘%@ 4.2V. The
capacity of t heﬁlmméusmlaldrwa@r%&pmgﬁﬁ\m%ﬁ“tﬁ efoBesidnablolngm: wasmh/ g of

Li Co02 for tfe finhgdd @i fifo a%alﬂﬂéﬁroaicswwﬁfene&ﬁmﬁy btiflsphere?d VWO
00/ 52085 PCT/ US00 ss for formng a shaped

5
article, the pr}?f(?‘é‘g%;?(g]o%ﬁ% ﬁeﬁﬁg’%‘(‘}ﬁ’o‘ﬁﬁf%rPOW%ﬁr a vessel a polymer and a
pol ar aprotic Ii qw d9FNM1b(a¢ﬂan%d®}fmﬂo 6 to-R2 (Ysligpalsr a~ddpr982ng nonomner

uni Eshof vi nyl'i gems gg@ ? -0063, Jg3 A4 - %aaéﬁlggm %/%xﬁ&n@d@ersf4mprﬁ§gi:1§§ml faononer
uni avi ng a p@ a uagéégrgprl EL %Y 7(‘216\(6 E(ﬁ__ﬁr} or mul a
1): - (OCF2CFR X Yacil R are
i(nzjepeﬁldent 16/ )s@bmeltdcbdﬁn)@ndﬁﬂ(&gntﬂrggbmthmﬁdaFRyBS)gfléﬁlfpehuvom 1 to 10
car gonbatcfrfg gﬁtaﬂmb Wn&%ﬁ%ﬁ%&&ﬂxs@&nﬂﬂﬁ@!?n{EP"/ﬁ..ﬂiﬁE?VEJXygenSC N 0, tﬁ
or (0} ) or W
the proviso that d= oftﬁkﬁy @Qc?t%neéggﬁvés ?nf’sgnﬁ‘@@%\?‘?é’r°pé'ﬂeﬂeﬁa’h‘ln%en Xis C

and ¢ = 0 when olesuldipenplotymer-beurd lithMiumridn.Z are el ectron-w t hdrawi ng groups
sel ect ed fromthe group consisting ofgCAMPBEEZRf , SO2R3, P(O (OR3) 2, CI)ZRS,

P(O) R32, R R3, 20 and Ioa en roups,.fo d there

o o2 AR S R din ikt YanRa Ao raifR vhe B i hal |
substituted w tmmh@fdeMMlmroﬁ&&agmhsﬂwmmlse@wﬂal Rgtamgrofap:lof 1-6

car lbon at oms ?pByO?I%E}hn&%ﬂé%ffEt%ﬁﬂq\[/(EF%alP@HémSBchﬁptﬂtghﬁE mygegs or an
ar rou (0} | a ur er ILtut e nm e an

el gct ?on \FI)VI tﬁdrg\%‘"ﬁﬂgé%ﬁ aﬁﬁebﬁ?é"glb&h“@a S%@‘*‘Hﬁ‘gh%e‘ft8r‘§%cof°’stﬁ b e R i s
t he radi cal reptoasletrth@dugh%’ f hismixgure way then crfled tgdor 4 gel pgbthynemill in( | 1) where
m= 0 or 2@ndﬂBniuogb§pm§&F§16ve woxdplated Heﬁmﬁaﬁemﬁh tHidIe 5iRetd oFKaptd® 30

optionally substi.t ut. eth er sai d

conposi tion at pelyioyi S?Jﬂ]t"f wWPPnﬁ? §“‘{)ﬁh5§ets|%@3$ R Wgcf‘#gﬂgpcgbeﬁﬁéltg%?l?‘ﬁcw& shaped
article from sap€@apenHydraalic Ynif MDMHB%IQGUPI}%@d td 5°Gynd pressedowith g samh on  of
heat and/or pregse & 1t b@o’ BS.0TheZilm A& r@.‘fuﬁ@@ﬁ@s (ch.ar Ql(ﬁhﬁ'foﬂmmaelﬁ is an

al kali metal cati rocess of an lithium
cation. 4. The Bt ‘8’85@%” émﬁlcgf%ﬁﬁ?io’m’él t@’?’%erﬁ g]lﬁrbmqesr‘ﬂ‘ a"% = F, and

b =1. 5. ThaS pr ocebeanevagbutiusing akhiée aridithe enndpativityrvas dﬂ!‘mﬂnmdt@bfnprl ses up to
20 nol % of nonogaRxLH ¢/emsel ected fromthe group consisting of

tetrafl uoroet hyl ene, trifluoroethyl enEXML%Qt rifluoroethylene, vinyl

fluoride, hexafluoro 23
70.9 g of CF,BrCFBrOCF,CF(CF3)OCF,CF,S0,N(K)SO,CF3, prepared

according to the method of Xue (Ph.D. thesis, Clemson University, 1996), was
30 dissolved in 100 ml anhydrous DMF. Zn-dust (7.05 g 108 mmol) was added to
the solution and the mixture was stirred for 60 min at room temperature. The
mixture was filtered and most of the solvent was removed under vacuum. The
residue was combined with 300 mL of 6N HC] forming a brown, oily mixture
which was stirred for 5 min and then four times extracted with fresh 100 ml

35  aliquots of diethyl ether. The diethyl ether fractions were combined and washed
three times with fresh 100 ml aliquots of deionized water. The ether was
evaporated under vacuum and the remaining brown oil was subjected to two
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WO 00/ 52085 PCTI US00/ 05598 propyl ene, perfluoronethyl vinyl ether, o
perfl uoroet hyl vinyl ether, ethylene, propylene, 1l-octene, isobutylene,
ethyl vinyl ether, acrylic acid and the al kyl esters thereof, and

met hacryl i v@e¢i208nd t he al kyl esters thereof, and m xt urmanisi@essesf . 5 6.

The process ?f s@oa A1h disMilRioRd 10 oblagh U6 bftﬁehdlmyﬂodltmts sglstegﬁ gd glrg?t 2?2
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group consi $%i n§0 pfleioripesomaternaccanding,t thedeachipgsifiGionagllyesy ak op.o. wgcepbnpounds,
transition net a{hap%ae S\@factafitthérbin vas GR@wad Sl"he vm&@é&ﬁﬁ&%& dlaked tyonduct i ve
Dol e, bR iR Bl B RrESRSS BPRLA LSl S g o™ ¢
el ectronical |y #3menids pithe b@uwlde-ﬁ@@uq@hmd cgmamras gangirmeis¥Fby t he
process of any N!M.ROEleﬂi@?t@l amhlysik: aHrm 08% founli32. mmt@bﬁ):w(@ab%fdaaa cel | f
conpri si ng &,0r. nore o
Clainms 1-7. E€4 a%"ge‘g‘“’éi’ ?d ?2}72 m%%ﬁﬂ%ﬁ@éﬁ@@fﬁoggﬁ%z hea t?he process
conprising 35 cehwwedimelfingpoint ¢ekbdSPCa i diMRréacetangid@n Cliarab3 |6QPPMqu?Fd to form
a conposition, NMR RREBHBEG)C OTIIL i THRPPAROBT.2URI30D rpin (derieslof fgne fl uori de

and 2-50 nol - % al kenyl nononmer unit having a pendant group
conprising the ?%f‘gl{ts%% liaéﬁjpge)(s)ent ed by the formula 24 WD 00/ 52085

PCT/ US00/ 05598 - (m@ﬂwmﬂ@m%@o%%rmymqu@ ippomexjsaI Werk and R
are i ndependgnt bymbiftdEiatagthsé vialwvith 0.Egrais off tHREVEYUPSERVEbn@hid? 8P

Example 2 and 2.0 grams of a 1:1 by volume mixture of EC and gamma-
butyrolactone (GBL, Selectipur, EM Industries). The contents were mixed by
hand using a spatula then the vial was sealed, heated to 100°C and held for several
hours until a homogeneous and clear mixture resulted.

30 This mixture was cooled to form a gel and hot pressed as in Example 3
except that the temperature was 105°C. The film that resulted was clear and
uniform and 105-120 microns in thickness. Once cooled to room temperature, a
1.0 cm by 1.5 cm membrane sample from this hot pressed film was cut using a
knife and the ionic conductivity was determined to be 8.27x10-4 S/cm.

35 EXAMPLE 5

Inside the dry-nitrogen purged Vacuum Atmospheres glove box, 2.375 g
of the dried VF2/Li-PSEPVE ionomer of Example 2 was combined in a 50-ml
glass jar with 15.5 grams (62 wt %) of LiCo0Q,, from EM Industries, 1.75 grams
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the dried ionomer copolymer of VF 2 with the lithium sulfonimide derivative of
PSEPVE prepared in Example 4 was combined in a 50-ml glass jar with 0.625 g
of Kynar Flex® 2801 polyvinylidene fluoride-hexafluoropropylene copolymer
from Atochem, 15.5 grams of LiCoO,, from EM Industries, 1.625 grams of Super

35 P carbon black from MMM Carbon, and 5.5 grams of a 1:1 by volume mixture of
EC and gamma-butyrolactone (GBL), Selectipur, EM Industries to form an
extrudable cathode composition.
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Header temperature: 110°C
5 Gap between rotor and header: 0.13 cm
Rotor speed: 192 rpm.

The melt-compounded material was extruded through a circular die with a
diameter of 0.32 cm, and was collected in a glass jar purged with dry nitrogen. A
sample of the extruded material was sealed inside the glass jar and transferred into
10  a Vacuum Atmospheres Glove Box with a positive pressure of nitrogen.
A 1.0 gram quantity of the above extrudate was melt-pressed as in
Example 3 except that the temperature was 110°C and ram force was 20,000 1bs to
form films of ca.125 microns thickness. A cathode film having a 12 mm diameter
was punched out of this film using a brass punch. An 18 mm diameter separator
15  film was punched out from the film of Example 4. Both of these films were
immersed for 2 hours into an electrolyte solution composed of 1.0 M LiPF6 in 1:1
EC/GBL using a 20 ml glass vial.
This cathode and separator film were assembled into size 2325 coin cells
with 3 layers of ca. 100 micron thick lithium metal as the negative electrode. The
20  coin was cycled at the C/5 rate for both charge and discharge at room temperature
between the voltage limits of 4.2 V and 2.8 V. Capacity during the first charge for
the LiCoO, cathode was 157.2 mAh/g, while capacity for the first discharge was
149.7 mAh/g, giving a reversibility of 95.2%. Capacity on the tenth discharge
was 147.1 mAh/g and the coin cell achieved nearly 100 cycles to 80% of its initial
25  capacity.
EXAMPLE 7
The reservoir of a Microfluidics Inc. MicroFluidizer™ was charged with a
solution of 35 g ammonium perfluorooctanate in 600 ml demineralized water.
The pump was started and the fluids allowed to recycle to mix the surfactant
30  solution with the 50 ml of pure demineralized water held up within the apparatus.
150 g of PSEPVE was added to the reservoir and the system allowed to recycle for
20 min to produce a well dispersed PSEPVE emulsion. The outflow was then
directed to a 1 liter volumetric flask. After the reservoir was pumped down,
150 ml demineralized water was added and pumped through the system to flush
35  the remaining PSEPVE emulsion through and bring the level in the volumetric
flask up to the mark.
A 4-L horizontal autoclave with mechanical agitator was purged with
nitrogen and charged with the so-formed pre-emulsified PSEPVE. The reactor
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h& () - ! 210%h & pblyndel BmB&ds dried in a nitrogen-purged vacuum oven at 100°C for 24 hr to

give 364 g of product. 19F NMR (acetone): +45.2 (s, a=1.00), -78.0 to -80.0

(m’s, a= 7.000), -90.0 to -95 (m’s, a=17.59), -108 to -116 (series of m, a=5.848),

-122.0 to -127.5 (m’s, combined a=2.357), -145.4 (bd s, a=1.155), consistent with

mol % PSEPVE = 9.5%. TGA (10°/min, N2): no weight loss until 375°C. DSC

15 (20°/min): maximum of broad melting transition at 162°C (23.3 J/g); Tg= -20°C.
EXAMPLE 8
A 3-liter 3-neck flask fitted with an overhead paddle stirrer, reflux

condenser, and thermocouple port was charged with 200 g of the VF2/PSEPVE

copolymer so formed, 1600 ml of methanol, and 13.71 g of lithium carbonate.

20  The mixture was stirred for 48 hr at room temperature. 400 ml of toluene was
added, and the mixture was heated to reflux in order to remove solvent. The
methanol/toluene azeotrope was collected while additional toluene was added to
keep the volume in the reactor unchanged. Distillation was continued until the
polymer had precipitated and the distillate temperature had reached ca. 108°C.

25  16.7 g of ethylene carbonate was dissolved in toluene and added and distillation
was continued until the distillate was free of methanol. The residual slurry was
cooled to room temperature and filtered using a dry, nitrogen-purged pressure
funnel. Most of the adsorbed toluene was removed under nitrogen, and residual
amount was removed under reduced pressure. The product was transferred in a

30  dry atmosphere to provide 218.0 g as a free-flowing, white powder. Karl Fisher
titration, which involves measuring the quantity of water evolved at 180°C
showed that the water content of the white powder produced was ca. 24 ppm.

19F NMR (acetone-d6) featured: -77 to-82 (bd signals, a=7.00), -91.2
(major s), -91.64, and -95.06 (minor s, combined a= 17,045), -106 to -112 (bd), bd

35 singletsat-113.5 and -115.8, bd m at -117.2 (combined a=5.243), -122 to -127.5
(center of bd m, combined a=1.988), -145 (center of bd m, a=1.095). Integration
was consistent with 9.5 mol % Li-PSEPVE.
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Gap between rotor and header: 0.13 cm
15 Rotor speed: 192
The melt-compounded material was extruded through a 0.32 cm diameter
single strand die, and was collected in a glass jar purged with dry nitrogen.
Cathode material was prepared following the same procedure as that for
the anode, except that the composition fed to the extruder consisted of:
20 5.1 grams (8.5 wt %) of the same Li ionomer used in the anode above,
34.8 (58 wt %) of LiCoO2 from EM Industries,
4.2 grams (7 wt %) of Super P carbon black, from MMM Carbon, and
15.9 grams (26.5 wt %) of a 0.1M solution of LIN(SO,CF,CF3), in a 2/1
mixture of EC/BC.
25 Extrusion conditions were the same except that the rotor and header
temperatures were 130°C,
Separator material was formed from a composition consisting of:
7.5 grams (25 wt %) of the Li ionomer used in the anode and cathode,
3 grams (10 wt %) of Cab-0-Sil TS-530, from Cabot Co., and
30 19.5 grams (65 wt %) of a 0.1M solution of LiN(SO,CF,CFj3); in a 2/1
mixture of EC/BC.
Extrusion conditions were the same as for the cathode material except that
the rotor and header temperatures were 110°C.
The extruded strands of cathode, anode, and separator were placed into a
35  second nitrogen-purged dry box. Samples were placed in Kapton® bags, then
calendered between hot steel rollers to form films approximately 60 mm wide.
Brass foil shims were used to keep the rollers a minimum distance apart. The
temperatures of the calendering rollers were 135°C, 125°C, and 125°C for the
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was 76 mAh.
EXAMPLE 9

In ambient laboratory conditions, 58.0 g (58 wt. %) of LiCoO,, from
FMC Corporation, 5.00 g of Super P carbon black from MMM Carbon, 2.00 g
of Ensaco 350 carbon black, from MMM Carbon, 8.00 g of the VF2-Li-
PSEPVE ionomer prepared in the manner of Example 2 were mixed manually
in a jar. The powder was then added to a Waring blender in a 200 m] mixing
bowl. The dry powders were mixed in the blender at a low speed setting with
a rheostat setting of 50% for ~ 1 minute. 27.00 g of a 1:1 by weight mixture of
ethylene carbonate and propylene carbonate, both from EM Industries, was
added to the powder mixture. The mixture was blended again for ~ 1 minute
and placed into a glass jar.

The cathode mixture so-formed was then added to a 75 ml mixing bowl
of a Haake Model EU5 Torque Rheometer. The melt temperature of the
mixing bowl was set at 120°C. The cathode mixture was added in small
portions to the bowl with the mixing drive set at 18 rpm. Powder addition was
completed over a period of 2 minutes. The Haake rheometer was then set at
25 rpm, and the cathode mixture was processed for an additional 10 minutes.
The resulting cathode mixture was then collected in a jar and enclosed.

A sample of the cathode mixture was then pre-densified in a platten
press at about 120°C. The compressed sample was then calendered into film
form with a Western Magnum laminator with steel rolls. The rolls were set at
110°C. Brass shims were used to control the minimum separation of the two
steel rolls and hence the thickness of the film. The resulting cathode film had
a weight of 42 mg/cm?, and thickness of 0.163 mm. Electronic conductivity
of the film was measured to be 292 mS/cm.

An anode mixture was also processed in the Haake Torque Rheometer
in a manner analogous to the cathode mixture. The composition of the anode
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anode film was 0.116 mm thick. Electronic conductivity of the film was
measured to be 1480 mS/cm.
10 Inside a dry-nitrogen purged Vacuum Atmospheres dry box, 3.00 g of a
2:1 by weight mixture of ethylene carbonate (E M Industries)/ butylene
carbonate (Huntsman Chemical Co.) was added to 1.00 g of the VF2-Li-
PSEPVE ionomer to form a separator mixture. The mixture was mixed
manually with a spatula in a glass vial. A sample of this separator mixture was
15 calendered into a film form inside the same dry box with a laminator with steel
rolls. The resulting separator film had a thickness of 0.080 mm.
Circular films with diameter of 12.7 mm were cut out of the calendered
cathode and anode films with a punch tool. The electrode films were extracted
of their ethylene carbonate and propylene carbonate contents by solvent
20  extraction using an excess quantity of diethyl ether. The electrode films were
then dried in the antechamber of a dry argon filled dry box and moved inside
the box. A 19-mm diameter circular film was cut from the separator film and
moved into the argon filled dry box via a glass vial. Having been prepared in a
dry nitrogen box, the separator film was not dried through the antechamber.
25  Inside the argon filled dry box, 0.0167 g and 0.0075 g of the 2:1 by weight
mixture of ethylene carbonate/ butylene carbonate was added to the cathode
and anode pieces, respectively. The weights of the dried, carbonate-free,
12.7 mm diameter cathode and anode pieces being 0.0491 g and 0.0225 g,
respectively. The cathode, separator, and anode films were assembled into a
30  size 2325 coin cell. The coin cell was charged and discharged at room
temperature between voltage limits of 2.8V and 4.2V. The capacity of the coin
cell was 155.4 mAh/g of LiCoO2 and 103.4 mAh/g of LiCoO2 for the first
charge and first discharge, respectively.
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10  wherein
R and R’ are independently selected from F, Cl or a perfluoroalkyl group
having 1 to 10 carbon atoms, optionally substituted by one or more ether oxygens;
a=0,1o0r2;
b=0to 6;
15 Mt is H* or a univalent metal cation;
X is O, C or N with the proviso that d=0 when X is O and d=1 otherwise,
and ¢ =1 when X is C and ¢ = 0 when X is N;
when ¢ = 1, 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)Rg, C(O)R3,
20  and cycloalkenyl groups formed therewith wherein R¢is a perfluoroalkyl group of
1-10 carbon atoms optionally substituted with one or more ether oxygens;
R3 is an alkyl group of 1-6 carbon atoms optionally substituted with one or
more ether oxygens, or an aryl group optionally further substituted;
or, when ¢= 0, Y may be an electron-withdrawing group represented by the
25  formula —SO,Rf where R¢ is the radical represented by formula (II):

-R¢" SON-(MH)S0,) Re" an

where m =0 or 1, and R¢" is ~C,Fy— and R¢" is =C,F5, 1 where n=1-10,
30 optionally substituted with one or more ether oxygens;
mixing said composition at least until it is plastically formable; and
forming a shaped article from said plastically formable composition by the
application of heat and/or pressure thereto.
2. The process of Claim 1 wherein M is an alkali metal cation.
35 3. The process of Claim 2 wherein M is an lithium cation.
4. The process of Claim 1 whereina=0or1,R=CF3,R'=F,andb=1.
5. The process of Claim 1 wherein the polymer further comprises up to
20 mol-% of monomer units selected from the group consisting of tetrafluoro-
ethylene, trifluoroethylene, chlorotrifluoroethylene, vinyl fluoride, hexafluoro-
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total weight of ionomer plus aprotic liquid of a mobile lithium salt selected from

10  the group consisting of LiPFg, LiPFyRgy, LiBFy, LiAsF6, LiClO4, LiSO3Rf,
LiN(SO2Rf)(SO2Rf), LiC(SO2R{)(SO2R{)(SO2Rf) and mixtures thereof, where
the “f” subscript denotes partial or complete fluorination, where the R groups are
electron-withdrawing, and may respectively be the same or different from one
another.

15 8. The process of any one or more of Claims 1-7 wherein the mixing is
carried out at a temperature above the melting point of the composition.

9. The process of any one or more of Claims 1-7 wherein the vessel is a
continuous plasticating extruder.

10. The process of any one or more Claims 1-7 wherein the shaped article

20  is formed from the plastically formable composition by calendering,
thermoforming, injection molding, or compression molding.

11. The process of any one or more of Claims 1-7 wherein the
composition comprises 5-20% by weight of the ionomer, 10-60% by weight of the
aprotic liquid, further comprising 45-80% by weight of one or more electrode-

25  active materials selected from the group consisting of carbon, metal oxides,
lithium-alloy-forming compounds, transition metal oxides, sulfur compounds, and
electronically conductive polymers; and 1-12% of one or more conductive
particles selected from the group consisting of carbon, metal, conductive metal
oxides, and electronically conductive polymers.

30 12. A shaped article made by the process of any one or more of Claims 1-

13. An electrochemical cell comprising the shaped article made by the
process of any one or more of Claims 1-7.
14. A process for forming an electrochemical cell, the process comprising
35 combining in a vessel a polymer and an aprotic liquid to form a composition, the
polymer comprising monomer units of vinylidene fluoride and 2-50 mol-% of a
perfluoroalkenyl monomer unit having a pendant group comprising the radical
represented by the formula
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Mt is H* or a univalent metal cation; X is O, C or N with the proviso that
10  d=0 when X is O and d=1 otherwise, and ¢ =1 when X is C and ¢ = 0 when X is
N;
when ¢ =1, Y and Z are electron-withdrawing groups selected from the group
consisting of CN, SO,Ry, SOoR3, P(O)(OR3),, CO,R3, P(O)R3,, C(O)R{C(O)R3,
and cycloalkenyl groups formed therewith wherein Ry is a perfluoroalkyl group of
15  1-10 carbons optionally containing one or more oxygens;
R3 is an alkyl group of 1-6 carbons optionally containing oxygen, or an
aryl group optionally further substituted,
or, when c= 0, Y is an electron-withdrawing group represented by the formula

-SO,R¢ where R{ is the radical represented by the formula
20

-®R¢" SON—(MYSO)R¢"

where m =0 or 1, and R¢" is -C,Fo,- and R¢" is ~C,Fop+ | wheren=1-10 and, a

polar aprotic liquid to form a composition; mixing said composition at least until
25  itis plastically formable; and, forming a shaped article from said plastically

formable composition by the application of heat and/or pressure thereto; layering

said shaped article with at least one of such other articles as are required to make

an electrochemical cell selected from the group consisting of a positive electrode,

a separator, a negative electrode, and a current collector; and, consolidating said
30 layered articles to form an electrochemical cell.
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