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RECHARGEABLE BATTERY STRUCTURE AND METHOD OF MAKI NG SAVE

BACKGROUND OF THE I NVENTION 5 The present invention relates
to el ectrolytic colicHARGEABLE BATTERY RIRGOIURFEANICMERBROOE MARTNGIsRME ' 0de and
el ectrolyte menbers and to a nmethod of econom cally maki ng such cells.
In 10 particular, the invention relates to rechargeable |ithium

battery cells conprising an el ectrode-internedi ate polymneric separ at or
el enent containing an electrolyte solutlon t hr ough which [ithiumions
froma source el ectrode nmater gabxk 3 avEd@itione! ectrodes during

t he charge/di scharge cycles o

1 & :
15 the celT. The invention is particularly
useful PBor making |l am nar cells in which the el ectrodes take the form
of layers conprising conpositions of |ithiumand other conpounds

capabl e of intercalating lithiumions, and wherein an inter-el ectrode

nmenbr ane or |ayerTﬁ@”%&b%éﬁtaiﬁb%&khQMZQ@lﬁ@éﬁﬂﬁu<éﬂ§ﬂﬁﬁd&ﬁE¥EEéEhls
i onically conductive by the incorporation of an organic solution of a

dussocuablecbmpnnamngapplmneGRCppompgagummm<§lectrqaﬁmand3electrolyte

Early rechar ble Li um cel | tild | ectrodes as
the ion souﬁngggﬁﬁ Sc8R ‘ﬁ(?t Pofts \hgf’ %t | \z/zghx%ali'ffg%aﬁ%%ss cg'frp

conpoungs cgaﬁbheuqarln&aécahabh&gohhgelatedlﬂaﬂﬁéanayyéamﬁénxhﬁﬁwuﬂ
structure during discharge of the cell. Such cells relied, for the

most part, batpervuseddsacamprising ey edegtaeds- intsrmediatehintlymeric

physical l'y eggg%ggg% 214Re r%on@alnlng an electrolyte solution through

which lithium ions from a source electrode material move
between cell electrodes during the charge/discharge cycles of
15 the cell. The invention is particularly useful for making
laminar cells in which the electrodes take the form of layers
comprising compositions of lithium and other compounds capable
of intercalating lithium ions, and wherein an inter-electrode
membrane or layer comprises a plasticized polymeric matrix made
20 ionically conductive by the incorporation of an organic
solution of a dissociable lithium salt which provides ionic

mobility.

Early rechargeable lithium cells utilized lithium metal
25 electrodes as the ion source in conjunction with positive
electrodes comprising compounds capable of intercalating the
lithium ions within their structure during discharge of the
cell. Such cells relied, for the most part, on porous separator
structures or membranes which physically entrained a measure of
30 fluid electrolyte, usually in the form of a solution of a

lithium compound, and which also provided a means for



30 fl uiwookspsol yte, usually in the formof a solution of a lithium -
conpound, and which al so provided a neans for WO 9BCTDS9510502
PCT/ US95/ 10502 preventing destructive contact between the el ectrodes
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Li PF[err], or LiBFferr], in an organic solvent, e.g., propylene
car bonat e, ©¥i €tk kR FHREORAT R TRIWHO Lk I an mopwavarifabric were
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Subsequent devel opnents, such as described in U. S Pat. 5,296,.318,
provi ded eFREPPRAVR| cAbathexyethans, WAr cRinatbyhorarbonatgesitoi foranguch

negati ve elgg, ' | Si C . capabke.. f.lntercalati.ng ions
and i nol uder St v angy Cerrepaeator CATBALACS. CRE"E T LY. o1 Bk ek RIS b0 |
separ at or tiubreseahbished|sevhéen the eleotpddesi phbuiidedl thel aekkakyls '
solutions and remain ,_, -functional over tenperatures ranging well below
room L npedth AR L e fo % | eRRFUF AL Hie® r i ckher sarge | of cabeut hed s

20  pepargy&p, el enents with nechanically assenbl ed battery cell

conponents or I n conposite battery cells constructed of successi vel y
coated |l ayers of electrode and electrolyte = conpositions. In each of

t hese i npl enent ati.ons, the_é@glggeri C. el ectrol yte/ separator el enments
often contain t EUPFEFEMT ReVeLPRERRES i 8UCh| 88 deserébefndnol. Sel Pat. (

Rece ! g biSvices SURERSHLETBAUESD! LTS SHRELY rape noc
assenbly. positive and negative electrodes comprising compounds capable
15 of intercalating ions and include strong, non-porous, flexiﬁle
polymeric electrolytic cell separator membrane materials which
‘contain lithium salt electrolyte solutions and remain
functional over temperdtures ranging well below room _
temperature. These electrolyteﬂmeﬁbfanes are employed either as
20 separator elements with.mechanically_aSSembled battery cell -
components or-in“coﬂposité battery cells constructed of .
successively coated layers of electrode énd électrolyte
compositions. In each of these implementations, the polyﬁerid.
electrolyte/separator elementsfoftenicontain the lithium
25 electrolyte salts at the time of cell assembly and, due to the
'~ hygroscopic nature of those salts, necessitate extraordinary

environmental conditions during cell assembly.

More recent 'developmen-is have provided a manner of
30 utilizing these improved polymeric electrolyte membrane and.

electrode compositions which substantially eliminates the need
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More recentW@SBIHBent s have provi ded a manner of 30 utili 2c1eude8sed2

| mproved polyneric electrolyte nenbrane and el ectrode conpositions

whi ch substantially elimnates the need
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for special environpental controls during cell manufacture. Typi cal ly,

the pol yner i SYRLERE L ¥de tREIPOLYBEFILy fdRSEF 5 @nd eleQQﬁRixﬁQ%Sﬁnamﬁtnﬂly
bonded 10 0§ 0,8, LafBALAL ANy BOUEEY 2o formdl A& QMY HMyceure

interlayer functionality a the 5 postponenen sensit

el ectrol yt e whtehpensures bpthmumh&nterla&emaEuﬁnnﬁanaﬁ;ﬂyﬂdﬁﬁ)@nables the
construction or even later in i pplication as an activating fl uid.

The Ian1ﬁatePP§§BPn§PPBEtGFeSSPSﬂﬁé¥€ @éPF§Fﬁ%¥FﬁM%QHQ£29¥§F1041qnﬁﬂﬁ/the
means for 'HEQBQQrQEhggg F@CBBEQQEyCE?PQQEd@@\J?ﬂéy'even(ﬁ?%l”t gsual l'y

as addi ti onal conduct ayers or-fo can a

strength to abgliehtla&sasbhn abrivaddngt €luid. provi de optlnun1access of
activating electrolyte solution to the el ectrode and separator | ayers,
it is usually preferred 15 that at |east one of these collector |ayers,

when COMPIISING 2wy 1848 ARELYIAURE! JEARLCIB! GF | AheSU he s LA 011 ake

of an open grl structure orated erwi Se 0
reticulade farneadyahbansfEurdlpeompatamﬂng el@ctrical chintemt e Idanmedd Yy
of | am nar baiter cells varies mﬁtg, ) .
elements, usually as additional conductive layers or foils
which can add further strength to the cell assembly. In order to
provide optimum access of activating electrolyte solution to
the electrode and separator layers, it is usually preferred
15 that at least one of these collector layers, when comprising a
normally impermeable material such as metal foil, be of an open
grid or mesh structure, perforated, or otherwise of similar

reticulate form to allow fluid permeation.

20 Since the capacity of laminar battery cells varies with
electrode area, it is desirable to maximize that parameter in
structuring battery products. However, obvious practical
limitations dictate that overall linear battery dimensions be
minimized. Thus, present battery fabrication operations strive

25 to compact the laminar cell into a structure of minimum volume
while maintaining the desired inter-electrode area. A common
method of achie%ing such a balance has been to roll thin,
flexible cell elements into a spiral coil, such as in U.S. Pat.
4,929,519, which, in effect, compacts the longitudinal

30 dimension of the cell. A disadvantage suffered in this practice

is the necessity of interleaving an insulating layer within the



el ectrodg é?% Is desirable to maxi mze that paraneter_in.
structurlng %{ery products. However, obvious practi cal PC”U$$M¢Wat|ons
dictate that overall l|inear battery di mensi ons be m nim zed. Thus,

present batier I o) o) Y act he | am nar
cell int o‘% ‘gt%/%c‘?lgre 0 @n?%i%{gé%lﬁﬁ%éé& 55 EP %é?%%ggﬁl Ra Phe desired
i nter - el esléOEEodéSav th CPEPBIting diefundtbbnachi enengeslchnatbghapce has

been to roll thin, - flexible cell elenments into a spiral coil, Such as
in US. mes such@m%qgcemeﬁssmaéﬂ‘ébﬁ haagbirgsofha fumgheudi nal 30

L ens! hgleddlf Sfbhend, et ARR I hd &Aecfﬁ,g; ' %84 vorune 1N

nsul™a |ng ayer MAt
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PCT/ US95/ 10502 coil to prevent the dlrect contact of the opp03|te
pol e el ectrodes with resultlng di‘'sfuncti on of ‘the cell. Not only

does such a pr gl egerecsnnbh L ipbrenanchi 918" cAol HELNBE muycHALETY

elenent, it alsO Tésulrts 1 n and vol unme

nonpr oducté s beg t m&rﬁi)cmﬁ)@]]e@].ectrode and sepédpatber elemenisexpaehenk
entails the use of nmult Ple . ds of _i ndi vidual electrode and
separatorL%F%n%ntEatsu%h 8%,352, hlEhSPn§%¥tuEa?Sl¥39§teﬁhFGEU1tS in

gp; o unagﬁ\hg{ @rﬁbfc?éﬁ'é{:fvénréguncaﬁh% | 8 ?f‘ gﬂ%&e r{gﬁge%ﬂ%fof._a

i cant por | ectro
electrode ané collector materials.

The present invention'bbviateSISUCh'diSadvantages by
' providing an improved form of laﬁinar’béttery:structure'which
1:. can be fashioned of the préferredip61ymeric.electrode and .
'~ ‘2lectrolyte elements While-utilizing?ecdnomical spifal
fabrication'téchnidhes-Which-aré'unhampered by.the.necessity
Zor inter-electrode insulation eleients. Further improvement is
rovided by a significant reduction in the expanse of |
z .onductive collector eléments and in the amount of non-

“Sroductive battery weight represented by such elements.

25

'The compact, high-capacity rechargeable battery structure
'bf‘the invention compfisés-anﬁelongateyxflexible laminar
electrolytic cell which is initially foided laterally upon
' 30 itself in order to situate oneé of the pair of electrodes and its .

associated current collector element within the folded body and



)
The presentW@A®I213 on obvi at es such di sadvant ages by Pr p¥rAiso:
I nproved formof |amnar battery structure which 15 can be fashlon of
the preferred polyneric el ectrode and el ectrolyte elenments while
utilizing ecososhenkagperakequentiabliycébided, colnirglaeahiieh e
unhanpered by the necessity for inter-electrode insulation elenents.
Fur t her inpr¥9 gbhudigal dlrﬁFB%PHeHOUﬁrQ §p§nFPWb§QGQQ@$EﬂfR§iqlﬁﬁlﬂﬁll
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productive b ery wer g represente
SUWRARY COF TtEeIhﬁEbEbEhb85electrodes of the ee&na@érvhlﬁh GakREryy

rechargeable batterX structure of the invention conprises an el ongate,

f1 exi bl e3l arﬁ:ﬁﬁi“lna s whentkhe yaell ¢t |semied Within 3 anorealiisel qantaisdy
upon 30 |tgglg P?gr to situate one of the pair, of electrodes and its

associ at ed curren e€ctor elenent within the fol ded body and
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PCT/ US95/ 10502 is thereafter sequentlal folded, or rolled, in the

| ongi t udi nal di r ecTREnPRSIE FRRHAT 0% EF SR Fe n‘gg@lqe f camrises t‘émiszatml
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el ectrodes serve as
10 outer current collector elements normally coextensively

contacting the respective electrodes and serving as the
opposite poles of the cell. These elements may be individually
composed of materials described in the specification of above-
mentioned U.S. Pat. No. 5,296,318, commonly-owned herewith and

15 incorporated herein by reference. Preferably, the hybrid
separator/electrolyte element composition is formulated without
a lithium salt component in order to avoid the deleterious
effects of atmospheric humidity. Rather, the composition
comprises only the polymer and one or more solvent, or

20 plasticizer, components, such as ethylene carbonate (EC),
propylene carbonate (PC), dimethyl carbonate (DMC), or dibutyl
phthalate (DBP). Further, the composition may advantageously
include an inert filler, such as fumed silanized silica, which
provides additional physical strength and enhances subsequent

25 absorption of activating electrolyte solution.

The electrode compositions preferably comprise the same
type of polymer matrix in order to enhance the compatibility and
subseqguent laminating adhesion between the electrode and

30 separator elements of the cell. The active electrolytic

components of the electrodes include any of those lithium-ion



S term naggopgsist he cell is sealed within a protective container or
encl osure. The basic |ami nar structure of a cBENT/USH9SOxes t he
usual el ectrode and interposed separator/electrolyte elenents with 10
outer current collector elenents nornallﬁ coextensively contacting the
respect i veintercadabingngateriphg wbichehave shpposppedpueenles tine cel | .

h I LS, be.indi vi 1 i, al .1 bed
Une speci {PRATioR ST ApERmbbELeLths  NoraRTR RPL Bhe RpSts8ss, 1Rkhun™ ' "

comonl y- opaedl hekedet ineadcddatibAcebppbahad bemprishyigr fEeHAReEe,
Preferably, the hybrid . -separator/electrolyte.element conposition is
f or nul at edcebahbut or nickelj apfufhsararbeRperupternedegsrode magiedialie

del et eri ous §UFE§£L§§§%89Lﬁﬁtggighghhc Qggh ng.-Rather,_the_conposition

conprises off i—and-one or re~solvént, or 20 plasticizer,
conponents, such as ethylene carbonate (EC), Ppropyl ene carbonate (PC),
di mret hyl carbonate (DMC), or dibutyl pht hal ate (DBP). Further, the
conpositi on nay GHVABREgESLiRgtor elpmentgcugfimdein the eellsuclenidniened

silani zed siljca, el . oo nrayi addi.ti: anal sical _styenqt.h . and
enhances suBsééuEﬁ?hgégpeg %ggp?¥g§s%f %g?#%gpﬁthEFEE foP%FL% %ﬁﬁﬁqﬁﬁ
The el ectr gdeetonBabihaeionBl ®heehbhiveosprived wetlsdme existingPreelfll
polymer matrix in -order to:enhance the cpnpatibiliti and -  subsequent
| anmi ndfi ngssuuesusashePRecnrt Rethl eét rogelariedocoldefiont Pais aments of

ny of 1 hoBEEFRERPLS, BGE5" 8L bt foracelOBioUABRall haGHIrB%g, 1 oe
ordgr.;o promq;é Ehé:pefm§§t§0p”§f'§°1Vénts and other fluid._ "
compositions during the latter operations in the fabrication of
the present battefy'stfuétures; The"weakening of collector
15  elements othéfﬁiséISHffered'aé a réSﬁlﬁ'df'their reticulate
'struéﬁﬁré is édéquatély compensated in one aspeCtﬁof“the.

invention.

At the cdﬁﬁlétioﬁ of a basic'cell assembly, either by
20 direct.¢dating of element cémpositidné or overlaying of
.individuai cell element layers or membranes with intermediate
.adhesive or Subsequént thermal lamination, a unitary”laminar
electrolytic'cell'SEructure is obtafhéd, ﬁsually_in an eléngate
form readf for a's12e4cdmpre55ibn operation. At this stage in a
25 battery fabrication prdéess} rather than folding or rolling the
cell sequentially from one end toward the other with the
ihsettibn of'ah-additiOnai:inéuiatiné“meﬁbrane,'the.process of
the invention calls for an initial transverse folding of the
céil, generally in the region of its longitudinal center, in
30 order to bring into éontact within the folded structure the two

portions of the cell electrode/collector surface constituting
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intercalating materials which have shown good results in earl1er cel
conpositions. Notable are the tertiary lithium nmet al oxide intercal ation
conpounds comgeé sshghangslesef theobsll, Di thiehaAndrt 88yCcatBeBquent
counter-el ectrode materials 5 I ncl udi ng petrol eum coke and graphite.
Current col | &aRGH hfffeer RARPS e (PRIA%E! F¥ serfages of theocsdli hend
respective c 3 ' A . .and ' : teel . i nations
whi ch have sapi g SR QR e T B LBbERIRELa 11 JR0LBBRT 10
sel ected collector pair are preferably foils of perforated or expanded
mesh formation in order to pronote the perneation of solvents and ot her

fluid 5 conpositi®Bis RKE FRY Hhergakien e Shapedi ast @esinedi cioron of
th t t t T | f I 5 I
ot hetwi so suf i Ses BY Siffens iy, FOIENE P (A8 6P6hGEeE oy FHEER®

adequat el y copmeisaisEddn ahe apeeivedisd fold towardthieoadjacent free enflk
the conpletion of a basic cell assenbly, either by 20 di rect coating of

el enent conpd§ QRARibA FERI9ERLHY hat or lewrmrefibleceertanguiar bajtery,
or menbranes g LAt | At esi sub cal,

| am nat i on, yu%%?ﬁ%@ﬁagr %atterglag%t rﬁg 3%%?"% ?ggltirgg%t E:Bgrlgglg& g‘FPfeEfa
usual | y 1ion amsudsiigaiteed for ftHensepintikl afSladtngoWhesstRe SR&PpahLORasAl
this stage in a 25 battery fabrication process, rather than fol ding or
rolling the been(ﬁgmp¥ﬂﬁﬁﬁgﬂqhﬂISPQ?¥ﬁﬁ FhPoLVEeE Bakurehef thehlayer

I nsertion of | MEQ?' 'ggﬂn i -igggﬁ , p. e t he
i nvention calls l?’%éan | niafq a tl?éar}g%lerse %l%%{%f %%% é‘§m'%<(::tél il.?mlnar _
general | y i n stheictegieonurpfer tthe cagp lich tnbdn cefitleeat i and@Opressdee. to bring

Into contact within the folded structure the two portions of the cel
el ectriode/ col | ector surface constituting
i5 The battery body thus formed may be stored for any length

of time prior to final processing in which an electrolyte salt
solution is introduced in order to initiate electrolytic
activity. In a preferred first operation in such a process, the
compact cell/battery body is contacted with a solvent which is

20 differentially active with respect to the matrix polymer
plasticizer while substantially inert to the polymer itself. In
this manner the plasticizer, as well as other materials of
extraneous nature, are extracted form the body, thereby
uniquély conditioning the polymer matrix to absorb an

25 activating amount of a desired electrolyte solution, usually
comprising one or more lithium salts, such as LiPFg, LiBF,, or
other such compounds commonly used to impart requisite ionic
conductivity to the cell compositions. The cell body may as a
matter of processing preference bé enclinsed or envelopéd in a

30 protective battery casing either before or after electrolyte

activation.
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one of the poles of the cell. In this manner any subsequen?CTRgggygﬂ%act

bet ween opposite polarity surfaces of the cell, and resul ting
short-circuitingIti ¢ssprdmaniilyl iy &hei deaterests of promothmy atld rena
t hereafter

shaped . as desired:, for . , i nstance, sequential foldin
of the eIo§8§Wé°%gﬁftﬁﬁF on .and, activating, ...%rég%ﬂﬂg q(ﬂhﬁtQﬂk&dg

the adj aceBodyl ehatnglr forate0otidsh &1§awictduddide Yl WERLOTILS .

rectangul ar battery, If a cylindrical battery is desired,
operation A¥¢ saployedsupst pddisdonel eldyapsagentengloyied dinegn S t he

shapi ng ha e l.eted, the t.hernoplastic pol,yner, nature of the
| ayer g %r?%tlref:ggg %ﬁ;‘;}&gg&lsnsbgeeflﬁtﬁ;?@d Jﬁ)tgﬁ ﬁpntptﬁé' e Weighth At
structure ¢ldetrohetdpalilgatinaetairehedl 1aRGmpoREHHe withl R z%esulting‘.e

' - of tIne lor to

battery body thus formed nay be stored for any | ength
final procéBPrAyemenkhishthe evesaddl powerdweight caglagtiiton dfs tild r oduced

in order tgo_ibitiate e r i activity. .In a preferred first
oper ation gﬁkgﬁ%k'a%B%ggégsggﬁhgity thﬁ@ﬁﬁ?byéégﬁﬁlﬁﬁd&ﬁﬁ}qﬁxhﬁi%?hleved
contacted wht Bhe pekeent whvehtion’?by edikfifa®iondldsy paritiwnaMds respect
to the matrix_pol ynmer. gLasticizer whi l'e substantially inert to the
pol ymkP i t Sefiecrpr foilhwbighnWenldhetpexwiise redundantdlyl rasidehdmn
materi al s ; X S Ire, _ar xtqacted formthe _bady, thereby-
uni quel y c%%ﬁ? iS%i%%ﬁ?%ggpgggﬁgﬁﬁngﬁﬁﬁ§29 eaﬁ?ﬁ%ﬁcgﬁ resulting from the
folding operations. A single common collector element thus
suffices in such circumstances. A similar advantage.maj be ‘-
obtained with the additional benefit of reduction in the danger
15 of_fracture of a delicate reticulated collector foil when the
sequential cell folding is effected:in a manner so as to |

predominantly situate the foil at the interior of such folds.

_ The.particular.advantagequs,aépgéfs of the present .

20 invention will be more_apparent_in_fbé foliowing.descripﬁion
and examples of specific_fepresentativé.battery cell
-embodiments. | | |

_The_present.invention_wil; be described with reference to
the accompanying drawing of which:
30

FIG. 1 is an oblique cut-away view of the layered
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25 acti vavosgomabunt of a desired electrolyte solution, usparfoéesiesoz
conprising one or nore lithiumsalts, such as LiPFerr], LiBF[errf, or
ot-her such conpounds conmonly used to inpart requisite ionic

conduct i vi t ysteuthareeblf aofppsichiiorlecthelsalilc kedn WByed in tHELLEr
of processing preference by enclosed or enveloped i'n a 30 protective
battery casi kBVveptheRibefore or after electrolyte activation.
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It is primarily in the interest of pronoting the ready fl ow of

extraction and act Fyeti Bgdebticts ahsewglkeuibfl Reosldsection20d)e i\t ion
perforate or mesh style conductive collector foils are enpl oyed. An

addi ti onl aW¥gWEagé anFeyddanrindsseRuentidl steps s Ithe shapisguaf @ in
the contri b“%é)é@e%' gg?%gfaccordi?begg %gét G 'q&m'e@x%‘:t& V\%l'gere]lilrtvcﬁoé%g{};m >

with a resul TTrng rovement-in-t overa power t ‘ of
t he battery. Further capacity through weight reduction is achieved

in the present invention by elimnation of portions of 10 collector foi
whi ch woul d ot her wF3€-r dd6aRaAABEYYr 88Pdetisy the sexiess off steRsadin watatdwr

el ectrode sug&gggzwgﬁéﬁ%higgefggg%hggprcesfolding operations. A single

common col | eC € S SuU in such circunstances. A
sim | ariadvant age may be obtained with the additional benefit of
reduction in the danger 15  of fracture of a delicate reticul ated
coll ector foil wheRIEhe4 simidagd¥neeRicEsl theosgrigs ofefsttepsedn et

MRNNer SO asyhgener eRbGAPHBHR"bHY chb! YALEAtISH, Ot the Tnterior of such

FIG. 5 is graph of charge/discharge cycle performance of
15 a typical battery embodying the present invention.

20
As shown in FIG. 1, the basic structure of an electrolytic
cell employed in the present invention comprises a layer 15 of
hybrid polymeric separator/electrolyte composition disposed
between layers 13, 17 of respective negative and positive
25 polymer matrix electrode composition. Negative and positive
collector foils 11, 19, depicted as expanded metal foils,
overlie the electrodes, and the assembly 10 is compressed with
heating to fuse the polymer components and unify the layers into
the laminate cell.
30 _
In FIG.s 2-4, the basic cell 10 is shown as the

combination of collectors 11, 19'overlying a single layer 14



The partkgabg&nigvantageous aspects of the present 20 i nvention will be

nmore apparent In the following description and exanpl BSTUPIS08R2 1 | ¢
representative battery cell enbodi nment s. 25
BRI EF DESCRI PT] ON OF THE DRAW NG The present invention wll

be descri bWBiGht I fach senresents, fore thecsakangf erimphif bty cindid letri t30

FLG 117s g0 ohbl Bugyshb. A% LbitifkeiBR b®/8i8ltrode and ssprrgses/iosos

structure eleattygpirtal lajreesr bByt i8,cahld @émpl oyed in the i nventi on;
FIG 2 depicts a series of: cross-sectional elevation 5 views of a cel
during sequential steps in the shaping of a battery cell according to

one engodi ment OfytREnENENFLEN: 2(a), the cell 10, of some predetermined
' length, is shown with conductive pads 23, 24 affixed Eo
collectors 11, 19 by éommon meaﬁs, such as solder, conduétive :
" epoxy, or the iike,'tO'proVide-Subétaﬁtial terminals to which
leads may later be connected. In FIG. 2(b), the first step of 
10 the present process folds the cell transversely at 23 in the
central longitudinal region so that one of thé7CO11ectors,
arbitrarily 19,.is folded'gpbn itself at the interior of the ‘ﬂ
structure. This initial fold need not be precisely at the center
of the cell length, since, as will later be noted, there may be
15 a preference for the battery terminal tolféSide~at opposite |
sides of the final battéry structure. Again, here and
throughout the corresponding FIG.s, for the sake of clarity the
facing'portions'cfjfélded cell.iofaréZShown spaced apart, though
in reality they are in contact.
20
In FIG. 2(c), the folded end 23" of the structure is
brought over at a fold 25-int6 contact with the main section of
the cell body. Subsequent folds at 27, 29 complete the process
in FIG;QZId)'wheré'commén'méaﬂs'(ndé'shown)'may apply éressufe
25 in the direction of arrows 28 to iﬁtiﬁaﬁely compact the folded
layers of the cell into a unified battery structure. aAlthough
only threé'seduéntial f0165125,27,“2§ aré'éhoﬁh5in thé“structure.
of FIG. 2(d), any number of such folds may be employed,
depending on the length of the basic cell 10 and the desired
30 profile dimensions of the final structure. Also, the extension

of the inner cell end bearing terminal 22 may be increased to

- 10 -



FIG 3 si mwesspraepi cts the series of steps in another PETRRGLARY On
the invention; 10 FIG 4 simlarly depicts the series of steps
i yet anot her enbodi nent on the invention; and FIG 5is
graph of chargeldi r.ge .CL& f.qr f typical battery .,
arbodyi ng.t nesPAnBBAte0R K AR T Us ndld VHSF epnd iy o
THE | NVENTI Obhan26m at 26, in Ardelowd movie Ghalt ddigmibiaSi aStdnwdnd,e of an
electrolytic .cell enggoyed in the present invention conprises a |ayer
15 of hyBFRE1P8I PRethe S¥FirgCorfeltd SHPCE W@ tdeminidposed

bet ween | aye o] e ] ' Y 2 | yoer _nmatri x
el ectrode co%%géﬁgPééF Egéa??ggig%gpg§§?§?%§,aﬂg g%%*%%%$5r5¥§f§€ejﬁgnggﬁts
depi ct ed5as ampahdedwiehalkhkobbposite polenliity,t ttngl etld ddgsegring, td® the

assenbly 10 is_conpressed with heating to fuse the pol ynmer conponents
and unify theetiydBsmpapsained.t he | aninate cell. 30 In FIG s
2-4, the basic cell 10 is shown as the conbi nati on of collectors 11,
19 overlying a single |ayer 14 -9-

The same general procedure is followed in FIG. 3 which
additionally shows the removal of non-functional weight from
10 the structure to improve the nominal capacity of the battery. As
shown in FIG. 3(a), this procedure removes from cell 10 one of
each of those sections of collectors 11, 19 which would be in
contact as a result of folding operations in FIG. 2. Thus, '
sections of collectors 11, 19 normally in contact with layer 14
15 at 31, 36 are dispensed with in structuring cell 10. Subsequent
folding of the cell at regions 33, 35 in FIG.s 3(b) and 3{(c)
thus brings the surfaces of collectors 11, 19 into contact only
with their respective cell electrode layers for which they
thereafter serve as a common collector. Further folds at 37, 39
20 in FIG. 3(d) continue this pattern until all electrodes are
accommodated with appropriate common collector foils. A final
application of heat and pressure at 38 completes the unitary

battery structure.

25 The variant embodiment of the invention shown in FIG. 4
provides the additiomal advantage that the folds in the
collector foils are predominantly at the inside surfaces of the
structure, thereby reducing the danger of circuit-interrupting
fracture of any of the delicate reticulate collectors in the

30 folded regions of the cell. As in the previous variant,

redundant sections of collectors 11, 19 are omitted so that no

- 11 -
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whi ch i nWOM07213pr esents, for the sake of sinplicity and PCIUSIS§I0S02 i n

t he draw ng, -the conbi nati on of el ectrode and separator/ el ectrol yte
| ayers 13, 15, and 17. = 5 Turning to FIG 2(a), the cell 10, of

sone predepertidogs of thbsegebementshoweribaphupondunbinielpads 2zcegt in
affixed to - collectors 11, . 19 by.conmpon neans, such as. sol der;

conduct i vesuch r%ﬁ)’d%’}s HiIch Be RBKken TICpro(dterhens canduat ive womtlinuicy

whi ch I §° e ( fir step of 10

@thd preseﬁ? %?g%%ggg ?%Bi%%g cerﬁg%%a%gee %ghrg géplgg?he % central
ongi t udi nedmiEgrby spifbes the strubEureLIectors arbitrarily 19, is

fol ded upon itself at the.interior of the. ~.structure. This initial fold

need ndt be precisely at the center of the ceII | ength, since, as wll

| ater be noted, r :5gﬁ? f, r ter erm._nal to

resi de at opposi'%ltgg foffé(w%’?%]éfaﬁxﬁl@%. 5‘# ?eér)y ;%ufg?%lre% é’sﬂ'tlﬁ’

and . t &f oehbovtofibcandr sepapatongeFecrsolioe etnemeﬁke whiehakiekyet he

faci ng portlons of folded cell 10 are.shown spaced.apart, though

reality tH€§lhreoj forpniate basic cells usefp) FPGFhE(E¥°C?ﬁ§rﬁ§IQédthﬁd 23
of the Strﬂ&&éﬁ €ib5. = brought over at a fold 25 into contact with the
mai n section o the cell body. Subsequent folds at 27, 29 conplete the
proceﬂx in FIG 2 (d) where conmmon neans (not shown) may apply pressure
25 in the direction of arrows 28 to_j.ntinat |y .conpact the folded

_Iayers of the cell into a unified batggﬁy LErdcture. Al t hough only
three sequential folds 25,27,29 are shown in the structure = . of FIG '“
2(d), any nunber of such folds nay be enployed, = dependi ng on the
Iength of the baslcoaeihgleompdsibéoﬂefored negative electrode layer,

‘such as at 13 1n FIG 1, was prepared by stlrrlng in a 1lid-

15 covered glass vessel a mixture of 7.0 ‘parts by welght of a
commerczal mlcrocrystalllne graphlte ‘(about 5 um), 2.0 parts
88:12 polyv1ny11dene fluorlde hexafluoropropylene (VAF : HFP)
copolymer (Atochem Kynar FLEX 2822), 3.12 parts dibutyl
phthalate, O .37 parts Super-P conductlve carbon, and about 28

20 parts acetoné. The resultlng paste may be degassed by brlefly

- applying a_reduced pressure to the mlxlng vessel. a portlon.Or
the composifien was coated on a glass plate with a doctor blade
device gapped at about 0.66 mm. The coated layer was allowed to
dry wrthin the coating enclosure under moderately flowing dry

25 air at'room temperature for about 10 min to yiéld a tough,
elastic film Whichjwas readiii'stripped'frqm_the glass plate.
The film was about 0.16 mm thick with a dry basis weight of
about 0.23 kg/m and was ea31ly cut to yield negative electrode
element 13 of about 600 x 40 .

30 _

A 620 x 40 mm cbpper collector grid 11 (e.g., a MicroGrid

precision'expanded foil marketed by Delker Corporation) was

- 12 -



4 .
30 profil avgdogmnssons of the final structure. Al so, the ext egghR0s/i0s02 Of
the inner cell end bearing termnal 22 may be increased to
-310 - WD 96/ 07213

PCT/ US95/ 105 c 3?&1&: [fd S for .
exanpl e, in %p_c&aézn dg'm a{ go, mécr}:r e?é %&{n&g%eéﬁgfeﬁe?mp§$t§083ﬁ8fﬁg}:ed
| ocation on tdiedirdas eldmddts, S UCtUrS% @cetimsé redlution JBr enghputxt he2o
fol di ng procedure, no collector surface contacts 5 another with the

opposi te pol MAR\HFR [gepalyengiy dyiti1dradt nd ovepzheatednatnebprsd330° to

The sanme gen o PIQCERULG | | 4.0 | ' Wy |
shows thegr e%dalcog?J %n§ﬁ-2?> ur%éoglﬁizi %égh%t%t&glrﬁg 1%gg ;?P:r\]aey skfer %?%é%g%geéyby
i nprove tshe n@lirmpla ciigpcidatinig tdelbmideryt aisout 3% skavh bf Ehe vaFaprp

this procedure renoves fromcell 10 _one of each of those sections of
col | ectors 1Eopolymex Rnd P Phthalatst £F asCerEiRY| PLoethylenag

operations i ¢ 2on b o Sectds |l r 9 cpormglly |
contact wit h%{I{yerlf‘zlf‘c}?]%ogf)lgfe%gyal?{eé%?fsog\&%ssé%&w ﬁMI%#tSO rl?@t &’?ﬁrﬂ cg‘ﬂle
10. Subsequentesultidg|rligyriofe tduel bdtontll egamnshés, lahinatE4GystB(b) and

3(c) thus brings the surfaces of collectors 11, 19 into contact _only
with their rageative eaqtrade makrang oty 332 FPRReFReyL cardriepdanger

serve a c : I , hé} F g% ﬂ)
conti nuzm?hi g‘rgé)qa%’tr}fae%r%nll S{rﬁ % ta{#gée{%%%%%d%é %%‘?g lig&a%%ojﬁ%g atéeéjj\s/\n a
appropri ate GgEdive|dnitrodeidalldetionatell subgppsémblyon of heat and
pressure at 38 conpletes the unitary battery structure.

A similarly-sized positive electrode/collector
subassembly was formed by laminating an acetone-cleaned and
15 polymer dip-coated open mesh aluminum grid 19 of about 50 pm
thickness to a positive electrode membrane 17 prepared from a
stirred homogeneous mixture of 10.5 parts of Li;, Mn,0,, where
0 <x £1 (e.g., Lij psMn,04 prepared in a manner described in
U.S. Patent 5,196,279), sieved through 53 um, 1.61 parts of the
20 VAF:HFP copolymer {(FLEX 2822), 1.63 parts dibutyl phthalate,
0.5 parts Super-P conductive carbon, and about 16 parts
acetone. The composition was coated at a blade gap of about 1.1
mm to yield an electrode £ilm with dry basis weight of about 0.6
kg/m?.
25
The electrode/collector subassembly pair were laminated
in the same Mer with a 600 x 40 mm strip of an electrolyte/
separator element 15. The membrane coating solution for element
15 was prepared by suspending 2.0 parts of the VAF:HFP copolymer
30 (FLEX 2822) in about 10 parts of acetone and 2.0 parts of
dibutyl phthalate (DBP) and warming the mixture to about 50°C

- 13 -



25 ari ant enbodi ment of the invention shown in FIG 4 ’
-provideS“?ﬁ%HZH Itional advantage that the folds in the PQT@E?W&F?%r foils
are predomnantly at the inside surfaces of the structure, thereby :
reduci ng the danger of circuit-interrupting_ fracture of any of the
delicate réithupacasienatcagitatponntosfacitirate Adgisodutsont.hheal 10.. 8As
In the preylovs X8rkaRla sijohPHBdan):8gCkEaBscObneRlal)Olis bushinded
PCT/US95/1Q§03tirrin§0ihten&hefcbbﬁ&?makeﬁﬁmﬁ&iamefhaEOE&QBnF%Q”E%EVGS1
except in such regions such as 46_in FI G 4(d) ere conductive

conti nui t ySuspenfigr wesreeatasd| PBhadIlpest Paaieprashure dagtioredblaried8
simlagly i fles truc e 0 D8 s 5 1. Ahe |.owi.ng e les
descriDe a&%évégfg%ﬁgeéo%oéﬁé‘?%n%% mm and eaflerctc%’_g‘l eéa'od’ assl i to
separ at or / ¢i 8Ld@r het eorgheal asvhicchleetyolyte/séphlrator’ smyrane Rasi ¢
cells useful in the procedures of the , - invention. 10

EXAVPLE 1 which was aboyt & Fhdhpyathy andryrbashsgeeight o2 abate 0.1

| ayer, Kk ;th as-at 13.in FIG 1, was prepared by stirring in a lid- 15
covered grags vessel a mxture of 7.0 parts by weight of a commer ci a
m crocrystalline graphite (about 5 [err]n), 2.0 parts =~ .. 88:12

pol yvi nyl i dene fl uori de: hexafl uor opropyl ene (VdF:. HFP) ~ copol yner

(At och@m Kynar FERX egegfrode subaspemplpgeyil, 13 gRchdfat &2 @37 pets

Super - P cogdyctiy ey €87 D8PargPdrah8Ulvef8 assembled as shown in FIC * and

laminated as noted above. To facilitate later attachment ©f . ‘-

L

conductor leads to the respective grid collectors 11, 19 a pair
of metal foil tabs 22, 24 were affixed with conductive epoxy
15 ' adhesive. The resulting éell-aSSémbiy;appeared'aS'shown in -
' cross-section in FIG. 2{a). Asfearlier ﬁoted;'in order to
simplify this and other views of the assemblies in the drawings,
‘the combination of electrode and‘intermediate electrolyte/
separator layers are represented by the single layer designated
20 as 14 in FIG. 2(a). Also, the cell is represehted'as beiﬁg'of
indefinite length, since thatfpafametef iS-entire1y at the
discretion of the manufacturer and will be influenced simply'by

the desired capacity of the ultimate battery.

25 The first step in the battery structuring process is
‘ shown in FIG. 2(b) where the cell 10 was folded at a region 23,
approximately'half'way along its length; to bring the resulting
two surface sections of collector 19 into contact within the
- folded cell. Thus, the opposite polarity collector elements are
30 ' thereafter Sepafétéd*by layer 14, and the potential for short-

" circuiting is eliminatéd'withdut'réSGrt to weighty intermediate

- 14 -



20 parts X@960m213 The resulting paste nay be degassed by brpetiuges/10502
applying a reduced pressure to the m xing vessel. A portion o t he
conposition was coated on a glass plate with a doctor bl ade devi ce

gapped at abgid,DaEfndMendbes CORt REmbAYREsWaSnatheWadxtOstep, Hephr¥Wsldhitry

the coating enclosure under noderately flowing dry 25 air at room
t enper at ur e dorFEbout (4D, nthetoelll evals afoddgh, a second| &dmec ifi Iamr\dglmlm \BSS

readily stripped fromthe The fil s _abo t

thick with a¥ &b%éigem%ﬁ ££e‘”“aQbEEit bg 3% ?gﬁ]ﬁt\égFPF ?’é‘aﬁfqdy
cut to yield:Qpgadi ves &l £&150§2'§ substsheﬂamiylano&naagghﬁ@@a&t&%nmaf_ ife
A 620 x 40 nm copper collector grid 11 (e.g a Mcro preci sion
expandeds f oi dvema kbt kengyh Def keelTotPor &ni thiswamenner, further sequential
- 12 - ) 96/ 07213 . , .

PCT/ US95/ 105 ing, ag;pt begEanst8’ enfiant® FRE- A ngT8FHEEERd™ G its
associ at ed d%eneféfﬁ/ S0RmELBYBAL  £603840. 8% 262188 BALYEIrON s@hylhe Bl EX

2822 copol yner, air-dried, and oven-heated at about 330[ err]
to 350[wni¢lT was il ke senked wzzatm@atumg:m@qﬁy e tdie mippdtied thyon

5 usi ng a.%kg?coatln sol ution of § gh f the VdF: HFP
copol yner a %%?y?ngh?ﬁﬁfﬁFﬁ? 3r LNELER ﬁé &Phyl ene- acrylic
acid copgl ymer priner conposition (Mrton 50-C 12). The resul ting

negative collector 11 was then |am nated with negati ve el ectrode
menbrane 13 in a dﬁhaeresultcagdbgénerngSEGUCtuaﬁlwaﬁoﬁh&n ammsagedaunre of

cbout 110, 0 B0Le8 kbRl Chfher prpeBBRhbEoeBE BbERE BB E R 35k

during which the ether solvent penetrated through the grids of
collectors 11, 19 and into the structure layers to extract a

15 substantial portion of the DBP plasticizer. After removal of
the extracting solvent with simple air drying, the battery was
activated in preparation for charge/discharge cycling by -
immersion under a substantially moisture-free atmosphere in a
1M electrolyte solution of LiPFg in 50:50 ethylene carbonate

20 (E. :dimethyl carbonate (DMC) for about 40 minutes during which
the laminated cell imbibed about 31% of its extracted weight.
Following a mild wiping with absorbent materials to remove
surface electrolyte, the activated battery structure was
hermetically heat-sealed, but for extending conductor wires

25 soldered to terminal tabs 22, 24, in a close-fitting envelope
{not shown) of moisture-proof barrier material, such as a
polyolefin/aluminum foil/polyester laminate sheeting
commercially used for foodstuff enclosures. The charted results
of a series of charge/discharge cycles as shown in FIG. 5

30 confirmed the stable, high-capacity operation of the battery.

- 15 =



subassenty, orrred by | ami nating an acetone-cl eaned and 15 pol ymer

di p- coat ed‘yopen nmesh al uminum grid 19 of about 50 [err]m PCT/US®SHP#Rness to
a positive el ectrode nenbrane 17 prepared froma stirred honbgeneous
m xt ure of 10.5|Parts of .Li[err]+[err]Mf[err]derr], wher e 0 <x [err]
1 (e.g., Li[err]TReNrRerenSriciitsaretl the Praseot u@‘ggntbeu may be

\L;dg Hllzlz?’t g(r;gpo'%/ner EE%%?Z%%% é!gg par?é %g %@Do&%%gﬁg[ége lgufﬁrts

Super - P combbmtrohrmrmlutmmb alNetaliby pathe electrﬁl;yt@ngolifbi?ons may
conposi ti on .was, coat eogat a b) ade ag of about 1.1 mmto yield an
el ect r ode F9MRE 7S FYF SRS a%‘-bu@”BeBhyl caxponpter | ethplene

The elgct r‘ﬁ‘?‘% ctg{ @hm;é@;gyf n_the same
manner. wit %8%#% 40 nm strip of an e% Hﬁo‘fé‘@ﬂ%Hﬂg g’é%%}’%?ﬁ? el enent
15. The nerdrrloratoatdinetdxyetintie; &lprepyl carbdﬁatz\as ahaprRiftubys
suspendi ng .2. 0 rts of the F: HFP copol y FLEX 2822) in about 10-
parts of g'cl'é?’fﬁfg?a F:{%e ula g&l tgﬁt ﬁS&&V@tGBBP? eftradykieng
the m xt urgy10: fdipdll SF T 1 _ _ - 13 -
WO 96/ 07215 M dééful lthlum salts, ipedpding D169 witn

occasi onaILHg(CtEgSanztoLiBEhl|La€E3SD§.sdl:uAsRm aHﬂarLz(B]:&s, magades of funed

silanjized silica (Cabot Chem cal) was suspended by stirring into the
copolrﬁsffre %4\ 1o, SRR o‘f‘g‘icffé“trat %%e?.’éﬂaﬁtm%ncﬂa%a BnSaapdass

plate wit th\@ @Ptﬁrﬁéﬂfar utiPeW CorJARe deRlefOP P QeI SRd a7 dried |

for about 10 mn
carbonate/d:.methyl carbonate compositions of LiPF¢ and mlxtures (

with LiBF, described in U.S. Pat. 5,192,629.
15 - EXaMPLE 2 -

Another polymériC'matrix'composition useful in ﬁreparing
the battery structures Of'ﬁhe3invention-cdmprisés'poiyvinYl
chloride (PVC), such as the Geon 30 or Geon 121 products of

20 Goodrich Chemicals. In preparing this exemplary battery
structure, electrcly;e/separatcr'mémber'ls was~fo£mulated of a
suspension of 4 parts fumed silanized silica in a solution of.G"
parts PVC (Geon 30), 10 parts dibutyl phthalate (DBP), ana 45

- parts tetrahydrofuran (THF) which was initially stirred at
25 about 50°C and then cooled to room temperature with‘Contiﬁued
stirring. The suspension was cast onto a glass plate at a
thickness of about 0.5 mm and slowly dried under cover in.
flowing air over about 10 minutes to produce a clear, elastic .
"film of about 0.1 mm thickness which stripped readily from the
30 glass substrate.'Afsegment'of'the'film was extracted of DBP with
diethyl ether and then immersed in 1M LiPFG/EC/DMC for 24 hours

- 16 -



yield the t¥83#072B astic el ectrol yte/ separator nenbrane 15 PCT/Shi/DIz02AS

about 85 [err]mthick with a dry basis weight of about 0.1 kg/nferr].
16 The el ectrode subassenblies 11, 13 and 17, 19 at the

el ectrol yt e/ epoigtwhidh 1€rfmBsbeabaBeuas40B0y WBibhE of @B electrolyte
| am nat ed as noted above. To facilitate |ater attachnent of conductor

| eads to thesekapieri Eigrienits| rerdursivity19fathai £ilm wasf abpoual 1f.6 mS/
tabs 22, 24 re affixed with conductive epoxy 15 adhesive. The resulting

cell assenbly appeared as shownh in cross-section in FIG 2(a). As
earlier noted, in order to sinplify this and other views of the
assenblies in the draw ngs, t he_conbi natj on of el ectrode and

interned? ate el ect? @Pg3EFive eleqhxede sFonrgalElien ¢Wasprenanasd by extended

single | ayer [ S 14 in Fl Al s t he ] is.
rep?esent gd %s&get?g %’at@@e S|t‘(rjlEL e |nr1df t%flzgnﬁ%gssi&%cfé%&’pg’}e‘;nﬁaé?tq FVvC,
entirely at $hsarts DBPSCI el ipareé Slhpesaputasiiieeivandavbbh bBad BEl paregd
sinply by the desired capacity of the ultinate battery. 25

The first stBFinfRadoRagenscud MATLE iWaF flafdeanNte a glassh@imtien afEl @bout
2(b) where t : 3 of £9] roxi mat el | f,
vvgay) al ong i tgq‘?'gﬁ!é'{lhé%%?%ra% %ggfe“ %eé%égf}l ??hgﬂy%gnd?ﬁmcos‘z??a%&érs ?Lf%r?g)a n
col I ectxy 19%¢ ngDeTdnd acdnidhdows tébastic fibhdeBouel b.2ThiSthibR,ORPRELES
polarity collector elenents are 30 thereafter separated_by |ayer 14, and

the potentiat? ok hprasultingfidm Waky Lariaatfac foeanalnddnure sodd ecgor
wei ghty int eéfrﬁ&“é&&nent 19 as described in Example 1. - 14 -

In similar fashion, a negative electrode 13 was prepared

15 from a composition of 10.5 parts microbead carbon coke {(MBMC 25-
10, Osaka Gas Co.), 3 parts PVC, 4.7 parts DBP, 0.6 pafts of
Super-P carbon, and about 20 parts THF. The resulting paste was
cast on a glass plate at about 0.5 mm thickness and air dried to
an elastic film about 0.15 mm thick. A strip of this electrode

20 composition film was laminated with a strip of copper grid
collector foil 11, and this subassembly was arranged with the
positive subassembly and the separator element in the manner
shown in FIG. 1. The battery cell strip was then laminated in
the double-roll laminating device at about 160°C and thereafter

25 folded and finally laminated to form a unitary battery body as
shown in FIG. 2.

Days later, a substantial portion of the DBP plasticizer

was extracted from the laminated battery structure by repeated

30 immersion in 2-4 bodies of refreshed diethyl ether over a period
of about 20 min. After drying, the battery was activated by

immersing for about 45 min in a 1M solution of LiClO, in 50:50

- 17 -



WO 96/ 07 : PCT/ US95/ 02
I nsul ati %&gﬂ%‘lez& or nenbranes. In the next step, represen%%?f"s’s'ma‘{z FI G
2(c), the cell was folded a second tinme in a region 25 which is

generally selected-to be-at . a distance fromthe end fold at 23 which
i s subst anethyilengncprbegrir (St PERPYH eife Cashonata | (RGnglurista odticho.
In this nmapReL, r : rent.al. t o G dhng.. . reqions 27,..29 i.n

FG 2(d) e, FpsyPRTmeeitclbidonence of Clodtrdly WEHS Feaiinizn oy

battery stimptibieion ofwihehelestirolstley sedaltddn nico substdrdda GAwHy t he
application of heat and pressure as indicated at 28. 10 : The
resul'ti ng GalmeeWelghtyasuPEifgs tohEFTRGSicRY The battany was ditmrhyl et her

‘three tine ; _ALRULES each oo 1q-a QU 30 JahiqGlL 1. he et her sol vent
penet r gt ediﬁggﬁgﬁggh’e%&aﬁ]&g r(])'?‘a ﬁlgqcs(t):ﬁrgp orolsc’r}%fwfg%‘% itﬁq FrpEnt
structure dayeriotratdshr aft thelelectrbdyaet.i dydldrd wess tdiowdl stable
pl asticizer. After renmoval of . .the_extracting solvent with sinple air

drying, th&eERitsr $imddar to £hosed®dFIf -pdeparation for charge/ di scharge
cycling by I'mer si.on under. a substantially noisture-free atnosphere in
a IM el ectrolyte solution of LiPF6 in 50:50 ethylene carbonate 20

(E. dinethyl caobheat epeblifienisoibofaltiuet £4G egoimioe exdhntileg Wermd extraddw

| ami nated cel |l inhi bed abqut 31%.f .its extracted. weight. Fol l owi ng a
m | d Wopi n§Pfi BFCANasPHeNE thafdfiafs SYCCETS &Y Using iy Rlacs «f gt e,
the activa t ool GUEHU LS 13RS 1 RSETRL i AV S for
ext endi ng gg%&%??or@t\lﬁme?eéu%g %%g%?%érvgd °€§%?g?mﬁﬂ#£§@zf®§}ﬁsn%g

cl ose-fitt peptanegl peeroleum( etheshohexane  manst wyeljohexarss! raret  mat er i '-al(.
such as a Ql yol ef.i n/ al um |1um foil/ polsy ster | am nate sheeting

conmer ci al FPdE¥ATR00 -Pobls £l £LEFEFGYIES S WoR (d GEmAnly used of g
seri-es of qhargedLaeka’ UBueHChESL MReFROMN o) 6,520, ERATHIFELLLS in

stabl e, high-capacity operation o 1e° bat't T o
18 other solvents'aS'diéthyl”qarbopate;“diméthdeethané, and

mixtures with those noted earlier.
'EXAMPLE 3°

20 Useful ‘electrode and éieétfbl?ﬁe/seéarator compositions
were likewise prebéréd'with rﬁbbef“bolYﬁefé such as the 43%
acrylonitrile-butadiéne'rUbber (NBR-43) ‘of Zeon Chemicals. In

this example.”a stock solution of the polymer was prepéred of
5 parts by weight NBR-43, 0.24*p&rté*bénﬁoyl'pgrdxide, and 50

'25 parts acetone. An electrolyte/separator layer was prepared by
thoroughly mixing with S pérts-of the stock solution 0.8 parts
of silanized silica and 1.6 parts of propylene carbonate,
forming a 0.5 mm layer of the mixture on an aluminum sheet, and
pressing the layer at about 150°C for 20 min under a second such

30 sheet spaced aﬁ'aboﬁt'd;ZS'mm; Aftet"cooiing to room _
temperature, an extracted and eieétroljté—actiﬁated sample of

the layer exhibited an ioni¢ conductivity of about 0.9 mS/cm.

- 18 -



- 15 - WO 96012196/ 07213 PCT/US95/10502
PCT/ US95/ 10502 The battery structures of the present invention
may be activated with any of the numerous conpositions used as |iquid
el ectrolyte soluti Iyg%ﬁb éz@e t t e
such organic sol ve%{is as cﬁﬁla%lgaﬂe&t%hlépgﬁéﬁ%scar onat%af@gp&éﬁ
di et hoxyet haaelud.uehhylo Gaplamta @rqmd,@,daarwrbonaumrﬁa‘mmxaclzer, and 0.1

di met hoxyet hane, car bon , and tures, thereof. Also, in

the fornul at Péﬁt&'f h§ iFatd 0 With g o iRAKEES hefoke ofer
lithiumsaltg Bﬁ[ A %z%&% L'aﬁﬂlerzr %arts of—' Cﬁﬁﬁnééj ngertfﬂé [é‘%%itlve

Li BFferr], err], LiAsF and Li SbFé
sol ution SConeé.m:rtmdms Gofi b etoldemtain fioil &5 wene addte\AncUtrparcteJ:hlwas

utility are the exceptlonal eth | ene car bopat e/ th car onate
CoNnposi t i onsléf“ DasEce B )g?t’ﬁ’rgeéoldeéﬂ ‘#’[g A/d%%r PR Hped

U.S. Pat. h3An@39- ext%%cted and activated to yield égt-ﬁgv% battery.
Anot her poI yrrerl C matrix composition useful in preparing attery
structures of the invention conprises polyvinyl chloride (PVC), such

as the Geon 30 or Geon 121 products of gﬁ?ﬁgﬁﬁpd ich Chemcals. In
preparing this exenplary battery & el ectrol yte/ separator
menber 1p was formul ated of a suspension of 4 parts funmed sil ani zed
silicain a solution of 6

Yet another type of polymer matrix composition was useful

in preparing the present batteries. In this example, 0.6 parts
by weight of polyacrylonitrile (PAN) powder (Aldrich Chemical)
was mixed with 0.4 parts fumed silanized silica (Cab-0-Sil TS

15 530) and 4.0 parts of propylene carbonate (PC) to form a slurry.
A portion of the mixture was spread on an aluminum sheet and
pressed for 5 min at about 145°C beneath a second such sheet
spaced at about 0.25 mm. After cooling to room temperature, the
resulting clear, elastic PC-plasticized film was cut into a

20 strip to férm an electrolyte/separator cell member. A sample of
the film extracted with diethyl ether and activated with a 1M
solution of LiPFg in 1:1 EC:PC exhibited an ionic conductivity
of about 0.9 mS/cm.

25 . A positive electrode was similarly prepared from a
composition of 1.05 parts of Li;  Mn,0,, 0.28 parts PAN powder,
0.11 parts Super-P carbon, and 0.86 parts PC pressed between
sheets spaced at about 0.5 mm. A negative counter-electrode was
pressed at about 0.25 mm from a composition of 0.7 parts of MBMC

30 25—'10 coke, 0.2 parts PAN powder, 0.04 parts Super-P carbon, and

0.62 parts PC. These electrode materials were cut into strips,

- 19 -



parts Pvgég%gﬂ:,SO) 10 parts di butyl phthal ate (DBP), an@éﬁ_&?‘y , parts
P2

tetrahydrofiuran (THF) which was initially stirred at 25 rr]C

and then cooled to roomtenperature wi th continued stirring. The .
suspensi on was cas,t onto a Iass te at a t hj ckness of about 0.5 nmm
and sl owl PaFK J1"r? 11e9tR% RFif rSTRARS agembled ik t o

produce atﬂee%%ec%%iﬁft% membeg' I ghaf 1&99ﬁétgd1a€r%ﬁ$*€k#ﬁ% ph ng?‘t gfegped

readily fromthe 30 l"ass subStrate. A segment was— e
of DBP wi Wasic ced.lletl.lﬁ)ybfeFtIer andThbeneILﬂmwasetlhen folae@FiRr thé BEAMMEY f Or

24 hours - WO 96/ 07213

PCT/ US95/ Pd5EIC. 2. exfnacsmhiverh tdaer&%}xb‘ecﬁ%t%%w%@%twwhtw

el ect 50l ytﬁ:« elec'i%ity@ soﬁh&ﬂ&p'&f GAMGEMIBY HfEdie dd 18 Was ahpyl, 1. 0
ns/ positive el ectrode conposition was pr epar edt by

extended 1ts mmhu:ammcaiﬁjremcsltqsunemg QfcRihgdidsts showed stability
Li[err][err]MJerr]Jerr], .5.9 rts PVC, .9 parts DBP, 2.3 parts
Super - P c&%%%&%#ﬁnd’% rti‘ ‘"THF. The honpgeneous paste was

cast onto a glass plate at about 1 mmthickness and air dried slowy
under cover for about 30 mn 10 to yield a continuous elastic film about
0.2 mmthick. A strip 17 of the BX¥AMBEE My filmwas |anminated to an
al um_num col | ect or grid el ement 19 as described in Exanple 1.
In simlar fashion, a negative electrode 13 was prepared 15 froma
conposi tion of Hti3 iRA ﬂﬁérdélqa%éiﬁé&orb&%ié\%?éf Example 1, the
battery structure of FIG. 3 was prepared by initially _ ( |

laminating collector members 11, 19 of reduced length to the
 respective electrode elements 13, 17 prior to combining those
15 elements with electrolyte member lS'to.fOrm'layer 14. Collector
19 was sized to be essentially half the length of cell 10, while
outer collector 11 was allowed about one fold span additional -
length to ensure contact with the facing ‘electrode surface
formed upon making the second fold. ~Tﬁereafter, the'remaining
20 collector surface areas contact and serve as common collector
elements for the respectlve faclng electrode surfaces.
Depending on the number of folds in the battery structure, the
saving in collector element weight'may'range from“about 40 to
50%. The final laminated structure was extracted of DBP
25 plastlclzer and hermetzcally sealed in an enclosing envelope .
'“w1th about 30% of its own weight' of a 1M activating electrolyte
solution of equlmolar-Llst and LiBF, in 1:1 EC:DMC to yield an .

- activated 'b’attery ready for init’ie-l -charging.'

30 : Although the present sample was assembled iongitudin'_ally,'
‘that is to say, with the view of FIG. 3(a) representing the

- 20 -



10, Csaka CWO9%®7313 3 parts PVC, 4.7 parts DBP, 0.6 parts of pcrosssupsn- P

carbon, and about 20 parts THF. The resulting paste was cast on a
glkass plate at about 0.5 mmthickness and air dried to an elastic film
about 0. 15 Mdhlitlodihall idisd-ddtiei gl @5t rafle &1, CPTosd Lhadabit fyas

| am nated with a strip of copper grid col lector foil 1T, an

subassenbl y warecaduaegetulid Hnatvtee the cqldsator guidsbeiis ya:analngéé along
separ at or el enent t he n shown in FIG 1. The bajte cel |

ST ip st herEade, EATA oL baths, G RN ARRtn et fe Epdapout
160[ err] C angdinered tRY 135eraﬁ.0k:€1€ﬂlﬁ§do§€' Eﬁé' YahQHhBéHerggmﬁQﬂrnkﬁch that

unitary battery body as shown in Days™| ater,
subst ant Sal FaG.i énlaof m@mgmmntc.dm latera/ﬂas:ms-a@eetllcbm@m vhew of

| am nat ed bat y str gﬁture by repeated 30 i mersion in 2-4 bodi es of
refreshed di &%ﬁ’?y Yover a period of about 20 min. After drying,
the battery was actlvated by I mrersing for about 45 mn in a 1M

solution of Lidderr] in 50:50 - 17 -
WO 96/ 07213 The collector arrangement of FIGQCH UE06i1DSLY represents

t hyl bonat t e .(PC
ol o comtoasrrony) of Beighle, 63k PRy Eabs tardaotlithat aakanrarlorhlt
the el eggr ol ¥he %Ql't‘étr' %ﬂf&c@”&ﬁ.‘t THd AL e the r&ABhIR O HSi R 5149,

extraction. The battery was then 5 i medi ately sealed in a
moi st ur e- pr osfucin@lsoaur d3t.0 45 evisndevoid gt & ixnladkehrnigrid which roighte.

Qyeling test %e%%?nvée%rac glr%d due {:es}:'oiélzsllgms %res}sc.) hoggt«'e:r.l cFlo?Iector foil
thus appears only at the final, less severe folds 47, 49 where
such stress is minimal. Final lamination, extraction, and

15 activation operations are as described above to provide an

efficient active battery.

While the above descriptidn has related in large measure
the preparation of a number of battery structures, other
20 variants, such as batteries of increased voltage comprising
multiple, series-arranged cells, are likewise to be included
within the scope of the invention as set out in the appended

claims.

25

30
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Clher spewiowg28f the foregoing exanples were extracted 10  and actlvated
with simlar success by using in place of the - di et hy | PCIMSos/a0%e

sel ective organic extracting sol ven'lt_rt“ﬂul m!"llltmljﬁl , pet rol eum et her
hexane, and c cLohexane and el ectrol yte solutlons
of connDnIWhﬁ e¥S claimednigm salts, such as U ASF[ err], LiBF[err] ,
CFlerr]SOerr]Li, and m xtures, in 15 ot her solvents as diethyl

car bonat e, di nmet hoxyet hane, and_ ~mxtures with those noted earlier.
EXAVPLE 3 20 : Usef ul el ectrode and el ectrol yt e/ separ.at.or
conposi tions were |ikew se Ere pared wi th rubber polyners such as the

43% atryl%n???h?ﬁgﬁﬁPﬁﬁlbﬁE FEBbEPmPNBRIES)aoflgueblehéﬂmamhse I n

this anp S i r e : parts
by ver gt KRS SRPLEE "ge kD ' BRI BB R Saratan A an
eIectrolytefspphymenrcbmw351mmenpcempree1hg one othﬁbgégbh&s%héhQQr?‘%E S
parts of the stock éolutlon 0.8 parts - of silanized silica and

parts of ptRpSFRPReLPRENEER, P°51t1VSrﬁﬂﬁgnagetSVﬁneﬂegsrode flayemisx bifr € on
an al um nu - ds t 150[err] C for 20

m n under gié%%%ﬁdlgﬁcﬁngsrcgiﬁ %nggggaké¥§éga%?i§8 FRFPRSLELOBS0) i ng
to room bearimperespeetive eurrentedohbdcebectoiyt e-activated sanple of
the Ifyer exhi bited an |on|c conduct|V|ty of about 0.9 nS/cm

V\D96/0‘?2E3a ter zed in t hat
PCT/U595/10502a) said battery comprises an elongate cell folded upon

itself about a first transverse fold at 1ts longltudlnal m:.d-_ (
region to enclose in facing contact with each ‘other w1th1n the
resulting structure substantial areas of one said electrode
15 layer and its associated collector foil; and _
b) substantial areas of the other said electrode layer and
its associated collector foil are in facing contact with each

other throughout said structure.

20 . _
2. A battery'accordihg to claim 1
| characterized in that
said etructure comprises sequential transverse folds
substantially parallel to said first transverse fold.
25

3. A battery according to claim 1
characterized in ¢t hat
said structure spirals outwardly about said first transverse

30 fold toward the initial longitudinal ends of said cell.
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El ectrode WQR60321%ere sinlarl Hlﬂlﬂ@l“ UHMH 'l)arts NBR PCT/USSS10502 0. 7
parts propyl ene carbonate pl as parts of Super-P
conductive carbon with 1.1 parts of Coke for the negative, and 1.2

parts of Li [@rrﬁ%@gg&ﬂ,e&ﬁmﬁ&{néh@opﬁﬂmvg 5 electrode. Grid collector

foils were adde nd the ce l'ami nated prior to being folded and
unified in the describexl h a rnmnmer ,eextiaztedd and nctlvzahed to yield an
effective batter XAMPLE 4 10

Yet anot her & SHanfol ROt o0 0L PR sPE i EACTRE ﬁ%’éFﬁI of likenppRagiting

t he present £3589 ! p y t _af
pol yacryl onlétl?él% c%%M\:bA}}p:)b()%/\/(l;lge‘?r(AI dl’l%?’l 2 2%1 %gh?cture \J/'vgsd%??gg \?\A%t h 0.4

parts fuived ciliedtzed £oil cavitaadh O She JElléctob30piandséoBipartiswath the
propyl ene cart}nate (P teé)aforma slury ortion of the m xture was

e A
spread on arf GiRE 3reqs et ‘311$B?s‘38npﬁt‘dFe&bﬁéﬂdlﬁéﬁéFFF@e
beneath a se %{ﬁfféé'l@se'[to eﬁp@(:ggl Rtcohndh LoZdPelPbyAfter cooling to
the

roomtenperature resu ting clear, elastic PC plasticized filmwas
cut into a 20 strip to forman el ectrolyte/separator cell menmber. A

sanpl e of the filmextracted with diethyl ether and activated with a
1M solution of LiPF[err] in 1:1 EC PC exhibited an ionic conductivity

of abouty 0. & NS/t teddy accordiry POSidiyBmelectrode was simlarly
prepared froma - conposi tion of 1.05 parts of Li[err]Mf[err](ferr],

0.28 parts PAN powder, ¢ h a(r 1d parte Super - darbdbnp antd B. 86tparts PC

db d
P ounter- of ot o) gl FiBEEE 200 Hutidedll ahBRPSNE eireron of
0.7 parts Oft%é%e é&r&t%&ﬁé@d the mﬁ%f’%&@é@&ﬂﬂéﬁéf b §393r-P

car bon, and 0.62 parts PC. These electrode nmaterials were cut into
strips, cell; and

15 b) said collector-devoid electrode layer areas are situated

at the outer spiral circumference in said structure.

6. A method of making a rechargeable battery comprising a
20 flexible laminate electrolytic cell in which a hybrid
electrolyte/separator layer of polymer composition comprising
one or more plasticizers is interposed between positive and
negative electrode layers of lithium-ion-intercalating
plasticized polymer compositions bearing respective current
25 collector foils
characterized in that
a) an elongate cell is folded upon itself about a first
transverse fold at its longitudinal mid-region to enclose in
facing contact with each other within the resulting structure
30 substantial areas of one said electrode layer and its

associated collector foil; and
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I-DC%'?U-SQSI‘X%g%I%an 96@22%3 W t hllllll%mml“lumul |“1ct or grid gﬁ@ﬁ%s’loa@senbl ed -

with t he electrolyte menbel nd | & Aat &d at about 115[err]C to form
t he basi ell. s then folded in the manner

The

of FIG 2, ext c?% ﬁuﬁ#gfﬁyfs EHEFﬁﬁﬁd gEme aﬂBdSHthatménnsr thielt -

el ectrol yt@uﬁ@taﬁtﬂaloaréaEFéf EchECobREST 8aRAI @Qeé%%atg h3ver an%) IS0l e ¢t
'ty eto

noi st ur e- proof enclosure. Cycling tests showed stab
that in FI&sgciated collector foil are in facing dONAIRIEWhtH) each other

Uilizing th nber c itions of Exanple 1, the battery
structure %?§é§§§$g mﬂglgrﬁggﬁﬁguﬁﬁ initially ' Ianinating col |l ector

menbers 11, 19 of reduced length to the respective el ectrode el enents
13, 17 prior to conbining those 15 elenents wth electrolyte nenber 15 to
formlayer 14. Collector © 19 was sized to be essentially half the

I ength of gell %Retﬂ@é 3cgﬂr?lg§t§5 éf%%ﬁcgor 11 was all owed about one fold
t

span addltlon nsar ct with the facing el ectrode

sur face formed upoRn aaklagctheesgcgng gogd. fhgreattgr Ehe remai ni ng
20 coll ector surface areas contact and serve as Common coFIector
el ements for thk feideeeliecteri figilscareonetionlated. to thebepgndiagwon

the nygber jof folds dnot h@l@f‘ét%&é{:ﬁ#&&ﬁe the

b) the one or more plast1c1zers comprising said cell layers
are éxtracted by application of a solvent which is ‘
substantially inert to said polymers;. and

c) the extracted plasticizer is substantially replacéd with

15 an electrolyte solution comprising a lithium salt in an organic

solvent.

20

25

30
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saving in collector elenent weight may range from about 40 "fqlll‘"ﬁ'
V- 4

final |am natgg;r ruct ur e Wesp sk aciuRorroberPBORGARIZATIONST | C1 ZERG
hernmetically ed in an encl osi ngrestieed Bsae with about 30%of its

0N WegIMRNATIONA AFPLIGATIONGPUBIGSHED UNDER THE PATENT COOPERATION TREATY (PCT)

RTMP co
50% The

i

asspnbHUM $038,:6/8 nal | vy, t ha} A

rep esent | ng t he

n

Li P
rlaa %E ;};"—'&lﬁng“ﬂmf'i '%'ﬁr"él Ing : l3l(§b v (n)l\fv"lfefef'lﬁg"dﬂr}f'ﬂ?“ﬁ? e‘g'}égﬁ%/ats:?rpngt%“nm
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N, Rirépelid GitinV@T, BE, CH/DE)DR,(S IR, B
wou dz)hﬁ&eatﬁhemmlﬂaector o August 1995 (£7.08.03) ged Qﬁ-lﬁng‘, LU, MC, ¥ix PE$8Rd par al | el

paths on continuous |engths of el ectrodg¢s followed by lateral cutting

of @6;:4" Bg;ed assenbly such that , 5 Fpgisad @) woul d represent the
| at BF Al Gards5es o€t | ORAhgMileW@®Dsoe v UBE asseMblernaional search report.  The
col|ector arrangenent of FIG 4 simlarly represents an econony of

of & col bred- ﬁg@g)l | e one fractured due to folding
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A rechargeable battery comprises a laminate electrolytic
cell in which a flexible plasticized polymer hybrid
electrolyte/separator layer is interposed between positive and
negauve electrode layers of lithium-ion intercalating polymeric
matrix compositions bearing mpecuve current collector foils
(11, 19). An elongate laminar cell (10) is formed into a unified
Yattery by means of an initial transverse fold (23) disposing
one electrode/collector within the structure and with subsequent
sequential folds (25, 27, 29) spiralling the cell, without need
for interposed insulation, outwardly toward the clectrode ends
where the collectors aceommodate battery terminals (22, 24).
Immersion of the structure in a solvent extracts the polymer
plasticizer which is subsequently replaced by contact with
lithium salt solution electrolyte to activate the battery.




°
15 acti v¥P8#0Bprati ons are as descri bed above to provi dePerrUs9s/10502

efficient active battery. Wi |l e the above description has
Felated in | arge neasure the preparation of a nunber of battery
structures, other 20 variants, such as eries of increased voltage
conpri sing mul tiple, series-arranged | s, are likew se to be included
within the scope of the invention as set out in the appended cl ai ns.
25 30 - 21 - WO
96/ 07213 PCT/ US95/ 10502 What is
clainmed is: t
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1. A rechWPJ68MI& battery conprising a flexible |aminate BCI/USPEWSID)| ytic
cell in which a hybrid electrolyte/separator |ayer of pol yner
Lonposition conprising one or nore plasticizers is I nt er posed bet ween
positive and negative el ectrode Iayersg&?i lithiumion-intercal ating
pl astici zed pol yner conpositions I ng respective current collector
foils 10 characteri zed I n t hat
a) said batte&xgconprises an elongate cell folded upon itself about a
first transvg%se fold at its |ond® udinal mnd- region to enclose in
facing con pth each ot her w'thin the resulting structure
substanti a -r?f‘”‘?‘“FF@“*?‘&”“‘“?P?”‘W¢¢¢»gxwﬁﬁﬁﬁﬁﬂﬂﬁﬁ(wwwwww'
col | ect or f/0i | %=
electrode1”ayer and 4if
o] ﬂér

A A AT AV AT AT AT A AV A A VAT A AL AT AT A AR AR A A Y K AL AVAY, P
U |J U C U

associ at edgcol | ect fQil are (n facing
contact with each throu?ho_u.t/‘gai d stﬁfég eﬁ(&) 224 A
battery according to claim1l 0 c har a eri zedin
t hat said structure conprises sequential transverse folds
substantially parallel to said first transverse fold. 25 3. A
battery according to claim1l characterizedin
t hat said structure spirals outwardly about said fi,rst transveréﬁ
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T 22 . WO 9687213965/ 07213 PCT/US95/10502

PCT/ US95/ 10502 4. A battery according to claim1l C
baracterizedinthat "a substantial portion of one of
facing areas of like polarity elecﬁpeﬂﬁ | ayer surfaces in said
structure is devoid of 5 collector foil ereby the collector foi
associated with the ot her of said facing areas is disposed between
sai d el ectrode | ayer surfaces to serve as a conmmon coll ector. 10
according to claifd4 clB3racpgerize
structure spirals outwﬁ?dly abo said first
T 7 . =10, |; and

Do I NP N TSCIS NN AN AN

the outer?4piral circunfefence in 1/id t

S .
maki ng a rechargeabl e bé?fery C I sind'a 20 A Dl | nate
gﬁd el ect rﬁmsa%gl)r I ayers%f

electrolytic cell in which a hy

pol ymer conposition conprising one or nore plasticizers is interposed
bet ween positive and negative el ectrode | ayers of

lithiumion-intercal ating 11pl asti cB8ed pol ynmer conpositions bearing

respective current 25 colleetor foihg/
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char aVWoO%R313; ; e dint hat a) an el ongat BCTAISP5/1050% o| ded

upon itself about a first transverse fold at its |ongitudinal
md-region to enclose in facing contact with each other within the
resulting structure 30 substanti al areqzegf one said el ectrode |ayer and
Its associ ated collector foil; and '

- 23 - WD 96/ 07213
PCT/ US95/ 10502 b) said structure is fur%ger formed in such a
manner that substanti al areas t he ot her sa
its %§sociated collector foil arein facing
throughoug | Ty T s AT e o o e T e TATe
charact a O,
reticulated to therebysgl ! ow 10 t he passage of fluid ther%thfough;
b) the one or nore pl ag I ci zers co i/gi ng saFIGIA ér 11 are 44
extracted by application of a solve whi ch i . ?y }ﬁtially inert to
said polyners; and c) the extracted plasticizer is substantially
replaced with 15 an electrolyte solution conprising a lithiumsalt in an
organic sol vent .

45 11

RPIRZ

DN NPTING N

A A VA A A LAV AYS S A A A A A E AU
U

42

e et o O]
NSPSE S SN

vvvvvvvvvvvvvvvvvvvvvvvvvv

¥ Q“Z'&‘A‘&'A"Z'A‘A‘A‘ AATAATATA A A A A AL L ATATATATA AT AL AT ATATATL A A

NONZAPNIAL NPNENTAL SFNINFALNINZAFAIA NIRRT NEN TN PRINININFL AN AR NG

Il AT A AT A AL AT A A ATA A LA AR AT ATATAATA A A A A S

FIG. 4(c) 44

48

\d

a

Y

A AT AT A AT AT A AT A AT A ATAT AT A AT AYA AL

- m -
AT AT AT AT AT AT AT AT AT AT AT AT AT AT A AT AT AT AT AT AT AT AT T AT AR A AT AT AT AT AT AT AT AT AT AT AT ATAT AT AT AT RN AT AT AN N

N AT A AT AT AT AT AT AT AT AT AT AT AT AT AT AT AT AT A AT AT AT A A AT AT A AT A T AT A AT AT AT AT AT AT AT AT AT AT AT AT AT ST ATAT AT TN "
4
E : 4
’, AT AT AT A AT AT AT AT AT AT AT AT AT AT A A A A" AT AT AT ATAT AT A AT AL AT AT AT AT A" A AT A A AT A" A AT ATA A A
P . K
D‘ - :1 ": 47
)‘ N ’v‘.‘.‘r‘.‘.‘.‘.‘.‘.A-A.A<A,‘.A,‘»‘;A.‘.‘,‘v‘-‘»‘-‘»‘.“o‘“‘,‘»‘¢‘.Av‘»"‘~‘»‘.‘.‘.‘~‘,‘v‘.ﬁl' . ; 7‘
S 1 g <y ‘/
G » 3
149 B K N
:4 & ,: . ,: E3TAA LA A LS A AL LA A LA S A LALLM ML AR LTATL LA L LA AL N N i
5 i ] : < <
() ¥ ¥ » »
\ [ ¥ Q g D
4y » ¥ » >y 4
[ 4 (] < <« »
) > K ) | )
[ ISR ] w4 id . g ()
K Py i AT A T T A AT AT AT N T A T AT AT A AT AT T T AT A TN A A T AT A oy
G ) > ) »
v qd B b
e B X = 46
) k) S
.( »‘ /) .‘
)‘ wos -"4 ¥
oot
D‘ ’ f’(
n o
KIS
KN
5
-

A A A ATA S A TA A ATA L LS A A A A A AL LA AL AR AL A ATATA AL AL ATATL A A A A AL LT AL,

P

A FG 4 4

48
SUBSTITUTE SHEET (RULE 26)



20 WP 96107213 5, PCTUSSS/16502

) 5/5

o

-

«©

10

6 _

G © v
I s Q
=
- X
=
4

w,
_.o x

—Nc

o

1 1 | | g

o = Q —t Q

To) < (o) QN -



