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HYBRI D LI THI UM | ON BATTERY POLYMER MATRI X COMPCSI Tl ONS 5
RELATED APPLI CATI ONS This application is a
continuation-in-part of U S. 'Patent Application S.N..08/160,018, filed

30 Novenber 1993, now U.S. 10 Patent 5,460,904, issued 24 Cctober 1995,
which was ‘a  WOYAB nuation-in-part of U S, Patent Appli catBASS N4 g/

110, 262, filed 23 August 1993, now U.S. Patent 5,418,091, ‘i ssued 23
May 1995. The prior applications, which are assigned to the assignee
of this: applicati GYBRADELITEIUNICN EATTERYI POLYMEH MATRIX eosposITIONSEi I
entirety. . .BACKGROUND CF .THE I NVENTION 20

The présent invention relates to electrolytlc cells conpri si ng
_polynerlc filmcomosition electrodes and separator * - nenbranes and to a
manner of u5|ng such.cells to prOV|de hi ghlly - ~efficient and econom cal
batteriés.” I'n particular, the 25 |nvent|on relates to unitary

rechaygealy e lithiumbattery cell fpra 2BBY . +SAPELE | Nt er medi at e
separ at or el ement contai ni ng an . elec rory so_utlon through whi ch
I|th|un1|ons fron1a source ' S

This application is a contihﬁation-in-part of U.S. Patent
Application S.N. .08/160,018, filed 30 November 1993, now U.S.

10 Patent 5,460,904, issued 24 October 1995, which was a :

-~ continuation-in-part Of U.S. Patent Application S.N. 08/
110,262, flled 23 August 1993 now U.S. Patent 5, 418 091,
‘issued 23 May 1995. ‘The' prlor appllcatlons, whlch are ‘assigned
to the a551gnee of this appllcatlon, are 1ncorporated hereln by

,-

15 reference ih their entzrety

20
. The present 1nvent10n relates to electrolytlc cells
comprlslng polymerlc fllm comp051t10n electrodes and separator
membranes and to a manner of us;ng such cells to prov1de highly
:'effzclent and econcmlcal batterles In partlcular, ‘the
C 25 1nvention relates to unltary rechargeable llthluMlbattery cells
camprlslng an lntermedlate separator ‘element contalnlng an
'electrolyte solution through whlch llthlum 1cns from a source
. electrode mater1a1 move between cell electrodes durlng the

o charge/dlscharge cycles of the cell

' The invehtion is particularly useful for making such

cells in which the ion source electrode is a material, such as a
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el ectrode material nove between cell electrodes during the

charge/ di scharge cycles of the cell. 30 The invention is
particularly useful for making such cells in which the ion source
electrode is a material, such as a WD 97/ 06573

PCT/ US96/ 11740 transition metal oxide, capable-of intercalatin
lithium:ions, WO906#H where an el ectrode separator nmenbrane PESMIPGH
polynerlc matri x made jonically conductive by the incorporation of an
organic solution of a dissociable Iithiumsalt which provides 5ionic
mobi lity. Mor @r&{ﬁ%ﬂdncade{:al dokiRidyr %@ablendﬂrﬁnwrcalata.nglmmm ibhe, use -

- of a class of polyneric conpounds, |cuIa ol.y ; nyli dene

f1 uori de- co- crd ef FBQ?JC%’(qﬁ?Idénﬁparawr Fyhe remary s C?Jﬁ@“eé"ﬂrsh

separ at or n‘er‘%g&g@ prens. o) xon:.c@ﬁﬁpcdc'ﬂdﬁ@tQQEYB?rtlfe 'I?abbkﬁoﬁ&tioz?'cﬁﬂlfa&@de
conposi ti ons. Rechargeable |ithiumion battery cells, such as

descri bed Orgwlq ﬁ@lilﬁé%p?ﬁ & 5&°§éﬁbeﬁr%§thlﬁ’&v§aéén‘é]i‘h?ll' PR Ges

construct ?d by o2 o ﬂ:?e Hera rﬁﬁédﬂ.’fi@ﬁl@&?%ﬁ@ §red@dt invention
separator/el ectrol yte cel T*elenert's whi ch- are i ndi vidually 15 prepared by

coating, ext rn%l%i'rﬁs do Sbpevse E & G@ss of PRhRRNIC GREPLERYT sithg

pol yneri c nat L i
(PViP) copol yRerEigipe Bty frinyl 1883 el B8 I RSP oL PR )

construction @épcmymers I u.hhpmanrng)mhr ;epara*tor awmbrahescand | ayer of

al uni num f oi | e(gg gwas overl ai d w;ﬁ_ f‘g I ve elect ode filmor
menbr ane a%%?Faﬁa&'t PoRYBptedialyiX 662t eB*F Vé’rdtof:c’ﬂpa?%b T on of
l'ithium 19 intercal ated el ectrode conposition, e.g., a LiM204 powder in
a copol ymer-matri'x sol uti on, _which s dri edtglform%’d

merbr ane. Aseparat‘%ﬁqr@lrQEFPB?y]t’é:hﬁ'é‘H‘oﬁ'aﬂ R CES B AR 255388 R g

of a conposi t § RN KOMdotpbdated Wild1Vsues] hBaG@FEHn)eﬂ‘&U.ly beesind. a
conpatible plasticizer was then overl:aid upon

0Si | ectrode
film A negai FORSEIURLSDHY REARS Hle THE H’éﬂmau°‘a§faea‘FBEH° ?s?fé‘fsr on

coating of a E%ﬂé’é%ﬂi@.e&&&% cell ieNeAbht STWIORIFD @Rl i AEi vk XIH at i on
mat eri-al ; ere carbon, i'n‘a copolyner natrl X “‘was

simlarl 9-50veP¥%P%FfQﬂ)oﬂPYt feating, sQ?ffe'Fr‘-’étldP  NBROPERREWLSPer FXYRd a copper
col lector foi Lo@toidibns comprising polymeric materials, e.g., &-

plasticized polyvinylidene fluoride (PVAF)} copolymer with
‘ hexafluoropropylene For example, :Ln the construction of a
lithium-ion battery, a current collector layer of aluminum foil
20° or grid was overlaid with a positive electrode film or membrane
_separately prepared as a coated layer of a d:r.spers:r.on of lithium
| __intercalated electrode compos:.t:r.on, e.g., a le'1204 powder in a
l_ copolymer matr:r.x solut:r.on, which was drled to form the
membrane A separator/ electrolyte membrane formed as a dried
.25 coat:.ng of a compos:r.t:.on compr:.s:.ng a solut:.on of the copolymer
- and a compat:.ble plast:Lc:Lzer was, then overla:.d upon the
- .posa.t:r.ve electrode f:.lm A negat:.ve electrode membrane formed
as a dr:.ed d:.spers:.on coat:l.ng of a low-voltage 11th1um
J.nsert:r.on compound or ,_;ptercalatron mate__r_:r.al e.g., a powdered
30 carbon, in a copolymer matrix .was -similarly overlaid upon the

. separator membrane layer, and a copper collector foil or grid
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| ai & upon the negative el ectrode |ayer to conplete a cell assenbl y.
This assenbly was then heated under pressure, preferably in staged
operations, to effect heat-fused bondi ng bet ween the plasticized

copol ymer matrix conponents and to the 5 collector grids to.thereb
achi eve I'aninatV8i" he cell elenments into a ugi tary fl egsypé%ﬂé'{qery
cell structure. ' The resulting | am nated battery structure,

whi ch conprised a significant neasure of honobgeneously distributed 10
organi ¢ plasticizer, particularly in the separator nenbrane =~ stratum
was devoi d of hpgr dsddpupor| e mugatd veakleahdodeslayer tor gsmpleteclaklie

stored at anbi g ita el ther befo r f being _shaped or
further pr-ocess%%,%&ghot?f%oan%eéﬂ% -bg’%s{q;ﬁgﬁe%ﬁ% @tué’%rggt g%ﬁ%?’éﬁbn due to
reactfon wth airefeprhblicidstagsdioperatibas, i to veifains head-faosedtbormditiga

battery in the _final gigi e, of nufagtur-e, the lamnate cell structure
was i mmersed -PetWegnoFhg; & ztegtcggp YOGRE (R (COTPPREPEE dBfitto the

solution 5 \WylalckBRi §efdd NP tie-RPACKIB e "BdKina tiGnP b8V LHE cell
substantially the same ionic conductivity enhancement as 20 achieved by a
pref ormed hybrielefepiratBr? @ aitteioy £lepihte batteny Aedilngrsuehues-
electrolyte salt solution. _ In order to facilitate the
absorption of electrolyte - - “-solution during activation, it i's generally
preferred that a 25 Theubesuhting lJamimamedobathery|storuatiurer Whighevi ously

g : | VITBL . 2@ T i ¥ : \ !
oy time fol | oo anetrs Hig R meRivz < BY, RATanectE1 o AEHBELSIAGY °
| ami nate ih0a cogeniceplaseicizet verrtiswdhrdy imethe/ lseparacbiememioedrmanol |

o hexane. b silact gl e gatd a0 uidie A0pRLoSl LG LI s e o
strata. The exl_:[';j_fg.’g;ﬁjmgcsqi&%&slﬁbkgd at ambient conditions, either before or
-3 afte;_being shaped or further progegéed; without concern for
electrolyﬁe deterioration due to reaction with atmospheric
s .mpisture. When it was,dgsi:ed”to activate a battery in the final
stage of maanactureL-the;laminate cell structure was immersed
;-in ér otherwise -contacted with an electrolyte salt solution
. which imbibed into the copolymer matrix to provide- '
substantially the same ionic conductivity enhancement as:
20 achieved by a preformed hybrid separator/electrolyte film

containing such-an electrolyte salt solution.

In order to facilitate the absorption of electrolyte
: solution-during_activation,_it is generally preferred that a
- 25 .- substantial portion .of -the plasticizer be previously removed
‘fxom the copolymer matrix. This may readily be accomplished at
. any time“fol;owing.;hq_lamiﬁating,pperation by immersion of the
.cell laminate in a copolymer-inert solvent, such as diethyl
ether, methanol, or hexane, which selectively extracts the
30 . plasticizer without significantly affecting the.copolymer

matrix of the cell element strata. The, extracting solvent may
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then sinply be evaporated to yield a dry, inactive battery cell whi:ch
will readily absorb an effective anmount of electrolyte sol ution that
essential ly replaces the extracted plasticizer. 5 The pref erred

pol y(vinylideng fluoride-co-hexafluoro- propyl ene) (VdF: HFépliﬁCO ol
materi al s descMORBH%A t he ' i ncor por at ed di scl osures wer Pe/LY?

from nunmer ous candi dat e pol ymers on the basis of their unique bal ance
of strength, flexibility, crystallinity, and solubility which were
essential 10 thﬁarsvmlspﬂo@paqume@f tprﬁm{%aﬂ dxivecinasgirte: baskesy &idh a .
combi natl on OlmPEANGLL] SealfisyIobad ) eggﬂréc;s@&t' BeMB3Lorronyfd N
pol yneric materi even suc Sl ate yners an

copol ymers asspdupion righaujelseeﬁtz.m‘rhde:epdaces theé eéxtafalcuteﬂopﬂ.hytﬁdﬂfﬁer | t
was thus surprising, indeed, when, in 15 = the instant invention, it was

di scover ed t hat electrolytlc - cells and resultlng rechargeable .
lithiumign bat t erl'nse (ﬁré@éﬁ'ﬂ‘ﬁﬁlﬁﬂ@r(\ﬂ.liﬁﬂllahhénéOﬂiﬁbﬂ@ef—%aﬁ-héﬁaﬁﬂu&éh the
present . vin ene fluoride-co-chlorotrifluoroethyl ene)

( VdF: CTFE) Pr°EB %ﬁ%ﬁ%¥4? HEB) copolymer materials describegduianrle OF THE

| NVENTI ON J.ﬁéor;]:orated BecYefukdd vz @PebYBRESS Woﬁﬂnﬁﬁ&EoGQV\éJ&?ﬁaJ&U”d

to be particul arly useful mthefgreparatlon of I unt i on teries
are suspensi oﬁ°bﬂ‘?¥1%rqué@en§§%¥$ s theirhunigue dakanceabEystrengtivai | abl e,

f I
o o€ ESLERL PRI AT gy o) s dliLicHS

chl or ot r i1l uofoettﬂyé esmemdtcastof moractigahi electrolutliot ceblse. $uch acet one,

[Z_Conp05|tlOnsmglﬂggiéﬂlg% %98Hért§£é was determined to be lacking in most

other polymerlc mater:.als, ‘even such closely related
térpolymers and ‘copolymers as poly(v:.nylz.dene fluoride-co-
tetrafluoroethylene). It was thus surprising, indeed, when, in
15 the instant invention, it was discovered that electrolytic
Cel;l.‘s and resulting rechargeable lithium-ion batteries of
exceptional quality could be fabricated with the present
" poly(vinylidene fluoride-co-chlorotrifluorcethylene) (VAF:CTFE)
copolymers. : o '
20

25 The VAF:CTFE. copolymers which have now been found to be
particularly useful in the preparation of lithium-ion batteries
-aré suspension-polynerized materials which are conimeréially
available, for example, from Solvay 'Polymers as SOLEF 3xook-
‘series copolymers. Films of these ‘copolymers containing about

30 8% to 20% chlorotrifluoroethylene and cast from organic

solution, e.g., dcetone, in compositions comprising about 20%
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to 60% of a conpatible plasticizer, e.g., di butyl phthal ate ~ (DBP),
with about 10 to 70% on a polymer basis, of a finely- di vided

i norganic fi.ller exhibited highly suitable erX|b:5I|t3t/),tt g:?st|C|ty,
and thermal flow properties for processing into ~ battery cell
structures as pw&% @gﬂpy di scl osed. . ~Simlarly, thectussei174o
responded favorably to further processing with a selective sol vent,
such as diethyl ether . or . . .nethanol; which extracted a substanti al

portion of thetPBPO¥Qof @lma@bée mﬂ-ahb?ld:al.zén‘,ecet ﬁng ghbutyi e&?ﬁ%fm tsgft
fil Su e ilms wi.ith an organic |i

e: e(r?t rolyte soﬁgfglggn%l&?%%tl\/ﬁg gf—’Gsﬁﬁ LH X EHETEF BRfjFeref 2 finely-
carbonat e (EC)dlﬂndedkgnar@ahmnafflléfﬂéxﬁﬁbakedﬂhrgﬁfy|§ghtable % {?ﬁﬂtfltf n
essential ly dré %grld separ %gF/eli %g | t;ng inenbranes ex It

useful ionic c3ha hEa QW Probeptigsofier IpBocesiry xuit@[ err]

S/cm 5 batteiyecexmnaﬁrﬁetuﬁaéeasa%ﬁéﬁ%ﬂﬁ%l@“h&é@iésééso for use as
the ' polynmeric matrix of battery cell electrdode conpositions 20

conprising transition nmetal oxide intercalation conpounds, such

Li [err] M204, "Li [ er raGodpnk, . taedfmsrf oqa%rargavsgd%f% %5 Hﬂ%aafg

lithium . dintercalating materia such as .car
graphite. OorrpE‘s"P?%s%’éPQ "g-t"-huét gedectine Lﬁ:blr\gers:ucbueheas rédtethyl etdé or

ol oment s wer o TS o1 Al SxekhOr S e AR BeF oy £F dim B ar §”
battery cépl s phashecmmemtueacraﬁéelctmg hﬂ1e 1nte§i1ltjrec5f diree |l aaw. es.

30 'Subsequent reswelllng of the fllgs w1th an organlc llthlum salt

:'electrolyte solutlon, e.g., 1 M L1PF5 1n a mlxture of ethylene
carbonate (EC) : dimethylcarbonate {(DMC) (2 1 vol ratlo),
resulted in essentially dry hybrid separator/electrolyte

15 membranes exhlbltlng useful 1on1c conduct1v1t1es in the range

of about 1.8 té 2.5 x 103 S/cm.’

The copolymer materlals were suztable also for use as the
polymerlc matrlx of battery cell electrode compoSLtlons
26 'compr151ng tran51tlon metal ox1de 1ntercalat1on compounds such
7 as leMn204, leCooz, and leNlOZ, and complementary lithium
--T'lntercalatlng materlals, such as carbon, petroleum coke, and
'“'graphlte Comp031te cell structures 1nc1ud1ng such electrode
Hand separator compos;tlon elements w1th accompanylng conductive
25 collector elements were readlly lamlnated by heat and pressure
' 'to form unltary battery cells ln the manner descrlbed in the

'earller dlsclosures

e s

30
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BRI EF DESCRI PTI ON OF THE DRAW NG The present invention w li
be described with reference to 5 t he acconpanyi ng draw ng of which:
FIG 1 is a diagrammatic representation of a typical l'ithiumion
battery cell Utl||Zbﬁ? pol ymeric conpositions of t he present

i nvention; andvO? FIG 2 is a graph tracing the PEE{HSPeH0
voltage as a functlon of intercalated Iithiumfor a conposite
lithiumion battery ce

DESCRI PTI ON "OF THE | NVENTI ON* - _ he follow ng .
exanpl es, I'i thi umion 20 rechargeable battery ceIIs were prepared wi-th the
PVdF: CTFE. - copol yrmers i'n the manner described in the above-referenced
|ncorporated patent specifications. The basic structure. of such a
cel | 10 is depict edygn Eé&mé 1@1%n€§8ﬁnﬁiﬁ hve Qeﬁfiﬁ@w;tﬁ refOSidde’ goand
negative el ectrode Iayer el enments13,- 17 between I'S |nterposed a
separ at or 3 el ethe siopoEpanyipetdrEying Ofcuhp¢h5|ng a.polymeric matrix, for
exanpl e, the present 'VdF: CTFE copol ynmer, in whi ch a Iithium salt
electrolyte solution will ultimately be dispersed. These el ectrodes
respectively conprifd€.all isha aliegrammatial nepmerxtaqnmundof e typicald
Li [ err] Mh204, nt ar capa reversihl.y
|ntercalat|rmf#ﬁhﬁ#%'éggpgggg éélgané%lzﬁn?rﬁf ﬁFSfc°mP°Sl fons of

the present lnventlon, and :ﬂ

10

FIG 2 1s a graph trac1ng the recycllng voltage as a
function of lntercalated llthlum for a compos;te llthlum-lon
battery cell of PIG 1

15 o o

Accordlng to the followxng examples, 11th1um-1on
20 'rechargeable battery cells were prepared w1th the PVdF CTFE
AR copolymers 1n the manner descrlbed 1n the above referenced
lncorporated patent speclflcatlons The ba51c structure of such
"a cell 10 1s deplcted 1n FIG 1 and essentlally comprlses
.'pOSltlve and negatlve electrode layer elements 13 17 between
25 which is lnterposed a separator/electrolyte element 15
; ' compr1s1ng a polymeric matrlx, for example, the present
' VAF:CTFE copolymer, in which a 11th1um salt electrolyte
solution will ultimately be dlspersed. These electrodes
respectively comprise a llthlated intercalation compound, e.g.,
30 Li,Mny0,, and a complementary material capable of reversibly

intercalating lithium iors, e.g., carbon in the form of
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PCT/ US96/ 11740 petrol eum coke or graphite, each dispersed in a

siam | ar polymeric matrix. Electrically-conductive current collectors
11, 19, preferably of alum num and copper, or nickel, contact

respective electrode el ements 13, 17 and are bonded, such as by 5 thernal
| am nation, Wit OWenai ning cell elements to forma C URCR/O896/11740
batterycell. In order to facilitate subsequent processi ng of the cell,
e.g., to mcorgorate the |ithiumsalt el ectrolyte, at |east one, and
preferably bot etrpleyp coke or graphite ol eamhndd sberpedninba osimi ¥dri ds,

such as in thephopfedfl manni pﬁi&@t@i@aﬂ&ﬁ%ﬁ%ﬂc %?L?tgrr%t tors

El ectrically- conduct ive . - | pS.or .sim’ ar. con
attached to colklect®dr @refereblylsfpammrmnd @ndutbbpes] | of ﬁcl&éle @nkact

EXAMPLE 1 15 ordel ectr t rane_coati-ng
conposi ti on Warespectlve éz]irgggéééé séuis 35y :87 cﬁnrggﬁr% 95d913ny$'-i<é'eﬁ§ by

fluoride S (:h!elﬁ)abﬁllammatn.bhuowbﬁi oHe e RERY eepplai@nﬁezpés %3, # m
60x103 Plgs% a#@%)é? 31 SQLEF 31508) ‘and 4 g of silanize ared: 20
silica in abou oRELInIRRRIRF 6 ERFilAtatersubassment 8 g
of dibutyl phtisabeées:(daBB)f tﬁbecépl’fp'@tfd W&H&Srgs\@fax\!@rﬁ?é’ 1ithivhs8PPY!

50[err]C to facjlitate dissolution of.the copolynmer and wa
honogeni zed i neXeFERYEor ftohehstipre i Gindaprefesably bbtpmr tdfrche of t he

resulting slurg a; Si h ne_2 t er epht hal at e
( PET) sugstrat e&%ﬂﬁt?%@ﬁgﬁeﬁ Jééaeﬁ%q*{a%eggéyg%u¥é§ e §%itf’ﬁut"nol%g‘ Mhe

coated fi Lk waSt ot IRAREPrRSedeyranded Mmated grid. cEheécg cridyoundudries
S P, b el B B LB SRR e
The fil'm was abbutl® prowidg0forthttkimndonva€ €nsi ¢yITuUt into rectangul ar
separ at of. el'enents - - whi.ch coul.d be stored for weeks. at anbient room
conditions . -
| ~ EXAMPLE 1
15 G
' " A separator/electrolyte membrane coatlng comp051tlon was
' prepared by suspendlng 6'g of an 85:15 v1ny11dene fluoride
" (VAF) : chlorotrlfluoroethylene (CTFE) copolymer of ‘about 60x103
"MW (Solvay Polymer - SOLEF 31508) and 4 g of s:.lam.zed fumed
20 silica in about 40 g of acetone ‘and add:.ng to th:.s mJ.xture about
) g of d1butyl phthalate (DBP) The completed mlxture was warmed
to about’ 50°C to fac:l.l:.tate d:.ssolut:.on of the copolymer and was
homogenlzed 1n a laboratory ball mlll for about 6 hr. A portion
'of the result:.ng slurry was coated on a s:.lan:.zed polyethylene
' 25 terephthalate (PET) substrate w1th a doctor blade dev:Lce gapped
at about 0.5 mm. The coated film was allowed to dry within the
coating enclosure under moderately flowing dry air at room
temperature for about 5 min to vield a tough, flexible film
which was strlpped from the substrate The fllm was about 0.1 mm
30 thick and was ea51ly cut lnto rectangular separator elements

'whlch could be stored for weeks at amb:.ent room conditions
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W t hout significant weight loss.. Simlar results were obtained  with a
90: 10 VdF: CTFE copol yner (Sol vay Pol ymer- SOLEF 310035). The silica
filler which is incorporated to enhance subsequent el ectrolyte

sol ution absorption could be-varied 5 wthin the range of about 10 to 70%

based on t he -WBIORAT06HB t he ~copol ymer. A funed al um na fi|REUSSGNI74Y
simlarly well. ~ EXAMPLE 2 10 . A

_positive el ectrode conposjtion was ePa red ni zin a,

li d- cover ed- sWAFRPBESS! %’e’%‘%"énﬂ@?g}%r tymllafo ‘gﬁ: "’Eb‘go gfﬁﬁ’é\ed
\(Nar med (50[erh11€h ai ?gﬁw v&r«@@gg %pél:hﬁé:f]d‘ﬂ;ﬂ%gr Ewaymer -V\/SQBEFO I<D x <1
e.g., [err err prepared i ner descri be at ent

5, 266, 299) 5 8035y The W%Tﬁtﬁ%ﬁ% 5 1PEOTRQLARS tf Egaﬁc?ji butyl -
pht hal ate, and %sgaﬂgﬂetéwc&%&%a solutié:rwwso@thaﬁkeoM&VbGabaQﬂed

Bel gi um, out 75 g acet oné he resul ti ng slurry was degassedby
briefly afl ymghanr eﬂecmwe of, pbe‘etul% te. l%hﬁﬁﬁ nep vées weighfdof the

t t he T, | ad
gg\rn Lgng\gﬁ;ed 8? ; 0198"'%6‘ a&u&%ef%%g &S{fgr L\E/\h“/a"aéalaq:lci&t Qt gery

within the coati ng . . encl osur e under m)derately fl.owing dry air at room

tenperature  for about 10 nin to yvﬁﬂ&%‘b‘%%u flexible filmwhich was
stripped fromthe substrate. The filnr 025 mm t hi-ck - and was

easily cut into rectangul ar el ectrode el enents Mh]Ch 25 could be stored
for weeks at anbi ent room condi_ti'ons _wit hout gnl fican ggl ght | oss.

EXAMPLE 310 30 P°%&%‘§%t%k?§“é?€%t?%°%‘&ﬁ~;?&sf"? ared by
honogeni zi ng h@magb_hs'!zﬁﬂg‘eireti ﬁaié&me&tseahnméw@deeuomm for about

& 10 min at 4000 rpm a warmed.(50°C) mlxture of 44 g of Lij,.Mny0q,
where 0 < x < l (e.g., Lij, 05MNn20,4 prepared in a manner described
in U.S. Patent 5,26__6__, 2__99)__, 11.8 g of the V4F:CTFE copolymer of

15 example 1, 18 g dibutyl phthalate, 4.7 g conductive carbon
.(Super -P Black, MMM Carbon, Belglum), and about 75 g acetone.
| The resultlng slurry'was degassed by brlefly applying a reduced
_ pressure to the m;x;ng vessel and a portlon was then coated on
_ _the PET substrate w1th a doctor blade dev1ce gapped at about 0.8
zbé mm. The coated layer was allowed to dry wzthln the coating
| y:enclosure under moderately flowxng dry air at room temperature
for about 10 min to vield a tough flexlble fllm whlch was
rstrlpped from the substrate The fllm was about 0 25 ram thick
'-and was ea51ly cut 1nto rectangular electrode elements which

"25 could be stored for weeks at amblent room condltlons w1thout

'51gn1f1cant wexght 1oss.,
EXAMPLE 3

30_'”2' | A negatzve electrode composxtlon was prepared by

homogenlzlng in a lid-covered stalnless steel blender for about
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mn-at 4000 rpma warned (50[err]C) nixture of 21 g of a conmer ci al
.pet rol eum coke (MCMB 25-10, Osaka Gas), 6.0 g of the VdF: CTFE

copol ynmer of Exanple 1, 9.4 g dibutyl phthalate, 1.12 g Super-P
conductive carbon, andabout 36 g acetone. The 5 resulting slurry was
degassed - by bWOM0§7Bppl ying a reduced pressure to the REXUSHMEIse| ,
and a portion was then coated on the PET substrate with a doctor bl ade
devi ce gapped at about 0.5 nm The coated |layer was allowed to dry

within the codf Agn at 4009 dam @ wRaBednbBRTQ: aixtrrewrhig2lry @f ra at room
teénperature 1Qg gm%%:.ﬁ?%tr@l@uﬂx E8k¥' ﬂ?B’ZtSQ'igh obhrydd s% flgl. '6‘ Ehbfrkhﬁ’@s

readily strippe romthe substrate. I'm was out
and. was easi | WAFGCTFBt mp@lxmrgmfaﬁxemp&erbdéel egmhmtyl phhhal;mteom.d.Zbe

Toes 157 ¥ SuBe- ARV PAh B anpye i bRt R’ AL 15O

| am nat i ngs t hagstidptali yburnparaat @@.gaede_al B U0k e weblying: ABt€dhddd Of
Exanpl es 1-3 with expanded netal grid collector el enents in the panner
descri bed in BFESSHES BALRA BersLlr ¥essel and,a; RRTTIOR (1S GeBpePated R

the open-nesh gl be@tﬁbﬁﬁrﬁanmth a doRbe Biadedelvilel fagbed ATReddedy i
t he pol yneric conRPS|t|ons their respective el ectrodes, thereby

ensur ed ef f ec®se The °°%El$f%rlé¥@éf ét’ﬁﬁ aldevedcte dwonmichin' the coating The
l'am nat ed bat tgjof o3l dChii&r \éﬁ:%é:‘&%l?xkiéﬁiﬁ? &ty @ir atr $Hbal E&hﬂ:é‘i‘amnt

of the DBP plasticizer conpri-sing t matrices of
| ani nat edtQ aydiox, apanti Eunti I5p pHield a- tg@@br mmlﬁﬁﬂwywblcbywamr si on

for about 10 mui9g Lbripped bkl gle bl Nihe. IDfn Sild ARLGH B24S S

structure was en acti I'n prepar
char ge/ di schartpdck andcya$ cedasasy ..mgltby.ntm"raestangula:derleatspﬂet abémexits/

g?}ggg;g-frE*awhich could be stored for weeks at ?ﬂ?ﬁﬁ§§gngT7&Bnditi°nS

at nosphere, i Rriahb\tekeghiflgdre: s@ighicoloss. Li PF6 in 50: 50 et hyl ene
carbonat e, (EC): di net hyl carbonate (DMC) for about 20 m n during which
the battety inbi bed an amount - of sol uti on which- '

A battery cell, as depicted'in FIG. 1, was prepared by
laminating the respective separator and electrode. layer
materials of Examples 1-3 with expanded metal grid collector
elements in the manner described in the previous disclosures.

20 In the laminating operation, the open-mesh collector elements
were at.least partially embedded in the polymeric compositions
of their respective electrodes, thereby ensured effective

adherence and électrical contact.

25 ' The laminated battery structure was then extracted of a
'substéntial amount of the DBP plasticizer comprising the
polymer matrices of the laminated layers, particularly the
separator/electrolyte, by imme:sibn for about 10 minutes in
stirred diethyl ether. The extracted battery structure was

30 dried and then activated in preparation for charge/discharge

cycle testing by immersion, under a substantially moisture-free



substantially replaced the extracted plasticizer. The activated 5 battery
was then hernetically seal ed, but for extending el ectrical conductors,
in a close-fitting envel ope of noisture- proof barrier material, such
as pol yol efin/alum numfoil/ pol yester |am nate sheeting comercially
used for foodstuff and chem cal enclosures. The battery was then
tested, in thewosweds7d0 nmanner, over a nunber of charge/di Selausssmysm es
with results as plotted in the graph of FIG 2 attesting to the

ef fi cacy and stability of the battery conponents. 15 20

25 30- atmosphere, in a 1M electrolyte solution of-1OPFgs in 50:50 WO ,

97/06573- . ethylene carbonate (EC): dlmethylcarboégggu§%§é}1g;r about 20
-min during whlch.the'battery;lmblbed an amount of solution which
-substantially“fepléded'the extracted plasticizer. The dctivated

5 _ battery was then hermetically sealed, but for extending
electrical condhctbrs;uin:a'close—fitting:Envelope'of moisture-
proof barrier material, suchvas-pblyolefin/aluminum foil/

. polyester laminate sheeting commercially used for foodstuff and
chemical enclosures. The battery was then tested, in the usual
10-. manner, over:a number of:charge/discharge :cycles with results
as plotted in the graph of FIG. 2 attesting to the efflcacy and
stability of the battery components.:'

15

20

25

30
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VWhat is clainmed is: . A rechargeabl'e battery structure conprising

a positive el ectrode elenent trode elenent, and a
separator el errent di sposed thereb Mm '!mwﬂ m character.
sal o e

ze di n t h'a a) each sements conprises a flexible,
self- = sup polymeric matrix filmconposition; - ch
said el enent | 5‘%%%6(‘1&}63 to contiguous elenents at its respel(’:ﬂ 1 9
interfaces to forma unitary flexible |lam nate | structure; and

c) said separ r.ele t, sition.conprises a copolyner - of

vinyl i dene f|3@9?t ds T Eed teR 1o 20% by wei ght 15

chl orotri fl uoroet hyl ene and -has* honngeneously distributed - = therein-
about 20 to 60% by melght of a conpati bl e organic plasticizer for said
copol ymer. A rechargbable battery’'structure according to claim

1 20 wher®t n %aﬁf@ﬁ&???-% At ePEN SRRt FORPELTANG fe PosREdVe10

to 70% by wei gbi ebarssdt @lefdhd, CQ%&i@{v@fel%traaégéﬂnYeﬂt ) Ia&fa a
sel ecied fPom fumed al unmi na and sil ani zed funed silica. A

rechar geabl e -baepawatan element: @semm%#¢mﬁhexehe&wnﬁn ' mhereln sai d
positive el ectrode el emenf CQ”?OQ'ﬁE'@deCro'Kpré egay 4 Ié._t -__iat )
S -

i ntercal ati on conpound honmbgénéous ri buted in~a rix of said
separator el ement aermmﬂswﬁlcald eBQments comprrses ¥\CE DR, 3 self -

PCT/ US96/ 11740 r A.rechargeabl e b ttezy structure according to
claim3 mﬁ%?%ﬁ?l%ﬂﬂﬂjaP}FﬁFﬁh? RURBA ™% or nul a sel ect ed

from Li 'Vh%(a[ err] lb) &A% s&i‘df dlleNeQ% is bonded to contiguous elements at its
respectlve 1nterfaces to form a unltary flex1ble lamlnate
' structure, and o '
: c) said separator element composrtlon comprlses a copolymer
of v1ny11dene fluorlde w1th about 8 to 20% by WELth
fls chlorotrlfluoroethylene and has homogeneously dlstrlbuted
therein about 20 to 60% by welght of a compatzble organic

plasticizer for said copolymer.

';2. A rechargeable battery structure accordlng to clarm 1
20
whereln said separator element comp051tlon comprlses about 10
to 70% by weight based on said copolymer of an 1norgan1c filler

selected from fumed alumina and silanized fumed silica.

25 3.7 rechargeable battery structure accordlng to clarm 1
wherein said posltzve electrode element cqmpOSLtlon comprlses a
lithium intercalation compound homogeneously distributed in a

matrix of said separator element. composition.

30

- 11 -



5 5. A rech'a'rgeabl e battery structure according to claim4 wherein

said lithium conpound has the f err]Jerr] where - 0 < X
- < 1. 10 6. A rechargeabl,m[m ,ﬂu mm ure according to claim3. -
wherein said negative el ectraode *el énent ®omposi ti on conpri ses a

substance sel ected fromthe group consisting of lithium ng
carbon mat er i a0 T Pow- vol tage |ithium I nsertion corrpou %@6&%}1?445
honogeneously distributed in a matrix of 15 sai d separator el enent

USRI rt‘egalA rr?"ﬁ %%ap%fe P rﬁaééﬁwtﬁter ggch&glﬁﬁé:ance ]%g_mt 3ol 6-

wherei n said t conposition su
sel ected fromwhexrednospidohistisium gompowed rhﬂsammsa&nﬁbrmula gﬁésnte@.

accor i ng {0 GREELIEARAr 39&1 e RaEE 07 Ton o1 " “eai a bl ast i zer

has been extracted. .. 9. + A rechargeabl e battery structure conprising
a |l am nate _ structure accordr ng to.claiml in which at |east a portion.
of 30 Ssaid plasticizer has been replaced with a |ithium battery

el ectrol yte sd.utforechargeable battery structure according to rilaim 4
WD 97/ 06573 '
A rechar geabl é"ht?é:ﬁ"élr ?alflr 1'lLJJ‘r"I(Ia“ ggcgo%nd]ghaso tC Sai f%%(‘i@gﬂ’\#%r 4 eacﬁ of

said el ectroded & emEntls has associ.ated, .. therewith a flexible
el ectrically-conductive foil current collector elenents and at | east
one of said collector elenent:5 foils conprrses an open-resh grid.

S 10 '

é. A rechargeable battery structure accordlng to clalm 3
.h:whereln said negatlve electrode element comp051tlon comprlses a
substance selected from the group con51st1ng of llthlum
Lntercalatlng carbon materlals and low-voltage llthlum
lnsertlon compounds homogeneously dlstrlbuted in a matrlx of

15 :
sald separator element copolymer. .

7. A rechargeable battery structure according to claim 6
whereln said negatlve electrode element compositlon substance
20 " is selected from the group cons:.st:.ng of petroleum coke and

'graphlte.

8. A rechargeable battery structure comprising a laminate-
25 structure accordlng to clalm 1 from whlch at least a portlon of

sa1d plast1c1zer has been extracted

9. A rechargeable7batteryfstructure comprising a laminate
30 structure according to claim 1 in which at least a portion of
said plasticizer has been replaced with a lithium battery'

electrolyte solution.

- 12 -
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11. A rechargeable battery structure according to claim 10 ‘wherein said

at l'east one collector el enent: |ﬁ|muuﬂml artially enbedded in the

el ectrode el ement interfacing - uﬂl "") 15 20 25
Por e Lo g3 _

30

- WO 97/06573 ' ' PCT/US96/11740

1o, A rechargeable battery structure according to claim 1
wherein each of said electrode elements has associated
therewith a flexible electrically-conductive foil current
collector elements and at ‘least one of said collector element °

5 foils comprises an qpeh—mésh grid.

11. A rechargeable-bettery structure according to claim 10
wherein said at least one celleétor'element is at least
10 partially embedded_in the electrode element interfacing

therewith.

15

20

25

[

30
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