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RELATED APPLI CATION This application is a continuation-in-part of U S
Patent Application S. N 08/160,018, filed 30 Novenber 1993, the 10

di scl osure of which is incorporated herein by reference. That prior

appl i cation is assi gned Reshargaendyigdeldhofun Rak tgipl iCORS G TBRKGROUND OF
THE | NVENTI ON 15 The present invention relates to electrolytic cells :
conpri sing polyneric conposition electrade and el ectrol yte nenbers and to a
met hod of econom cally making such cells. In 20 particular, the invention
relates to rechargeable lithiumbattery.cells conprising an '
el ectrode-internedi ate polyneric separator elenent containing an

el ectrol yd e sol ution through whi Chéﬂ#ﬁ’nﬂﬁl 7% source el ectrode
mat eri al nove between cell el ectrodes during e chargel/ di scharge cycl es of
25  the cell. The invention is particularly useful for making such cells

in which the ion source electrode is a lithium conpound or other materi al
capabl’'e of intercalating |ithiumions, and where an inter-electrode

gemt)[] ane conpr i ste_s ﬁupelf %‘ﬁﬂl%i)cé%q.d?ph\é_nﬁr Eénﬁtﬁﬁﬁéﬁi?ﬁdﬁré:LBQJ:E%% l)U.@.!"?“#EteinY:e
y e incorporation of an : or gani.c. sol.uti of a SSOCi e Lithium
salt which pr%RRa‘-d’e%a‘Pcﬂﬂ é-&bbiqqftkﬁ%'%l%ggéfeﬁig@aN°vem5°er 1533° chie' '
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conpri si ng cgpn%{goﬁrr]aa%%:falpa ﬁleorlo;}'sl_%rgéslri%égirkﬁg t{}%e%%%!t I UG% ?’gﬁg:%vﬁ%t hin their

structure durdprfiftatierge of the 5 cell. Such cells relied, for the nost
part, on porous separator o o

B THE I TION
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_ The present invention relates to'électrolytic cells
comprising polyméric composition electrode and electrolyte.
members and to a method of econémicaliy making such cells. In

20 particular, the invention relates to rechargeable lithium
battery celis comprising an electrode-intermediate polymeric
‘separator element containing an eleCtrolyte-solutioﬁ through
which lithium ions from a source electrode material move
between cell electrodes dﬁring the charge/discharge cycles of
25 ‘the cell. The invention is particularly useful for making.such'
cells in which the ion-sourée electrode is a lithium compound or
other material capable of intercalating lithium ions, and where
an inter-electrode-membrane-coﬁprises a plasticized polyméric
matrix made ionically conductive by the incorporation of an

30 organic solution of a dissociable lithium salt which provides 3

ionic mobility.



structures or nmenbranes which physically entrained a neasure of fluid .
electroly ly in the formof a solution of a lithiumconpound, and.
whi ch al séﬁ%?gf#géed a nmeans for preventing destructive con?&?@%ﬂ?%@n t he
el ectrodes of the 10 cell. Sheets or nmenbranes ranging fromglass fiber
filter paper or cloth to m croporous polyolefin filmor nonwoven fabric

were saturated wigdy5plridiigyafvie |1idHium cRoing i SUWEH asi Jihid mldcRR6.
or LiBF4, in an.organic solvent, e.g., propylene carbonate, diethoxyethane,
or di met hylelagtrodes as cHerians whirk®  1relasgijrsiotia)ns eyiditaoers ieisment s.

The fluid electrolyte bridge th t abl j shed bet the el ectrod
or ovi ded t L OSSR 170 GPRSOIIS, SO Lo AR ERI SR S ange

of about. 10 K¥ENicH: within tPHITeGEHGRIcIREL|RRTRIY i T 2S oFetfll bed
in US. Pat. 5,296,318 have provided electrolytic battery cells which have

bot h positisRllhndutdysells FeddefodESrcbiprneshPanhpRmdrapisepagfator

intercal ati ' | ncl r nop- lexible.pol yneric .

el ectrol yt iéc}%(:%%hs%egg;%rﬁa 'oerm% qn‘%r%%}saﬁggﬁg Sﬂﬁg?gé‘rglfg 'sé%{%hn%%n? él?’eﬁﬁqr[% i%am
salt el ect riflyice alddddciicaandisudiiyn inintid dadin @fela SVUIRELJ}nULES ar angi ng -
wel | bel ow room tenperature. These el ectrolyte nenbranes are enpl oyed

ei ther as SepadtatbCImaMK s AR Whisth disCaPrPvisieshis aeapst ttory cel |

conponent s bl 1 | t.e. hat. | QRSIUC f 3Q. ccessively
coat ed Iayeﬁr};e‘{) %q{égg??éostcélgﬁ#‘g )eétzot%:%o '::33:t6e£D conﬁ%s%%%o%&.e%%ﬁog%%hggf %%’%ese :
i mpl enight atdelrls., Shespseor membranes r¥MydB¢3ABA6 glass fiber filter. paper
PCT/ US95/ 05776 .pol.yneri ¢ el ectrol yte sefp_’agat OE,ﬁrlgements often contain the
lit hi um el &% diQHe LOaMLSTRPOTRUS: PALYSHSELR | LLLR i IRPIRY o f@bird & Were

hygr oscopi Gl hyild0$e15@libhs BECESSL AL Bm CXSRBNA NadYcIE e TARNTRY) al
conditions during cell assenbly. :
' LiPFg, or LiBF,, in an organic solvent, e.g., propylene
carbonate, diethoxyethane, or dimethyl carbonate, to form such
15 electrolyte/separator elements. The fluid electrolyté bridge
thus established between the electrodes provided the necessary
Li* ion mobility for conductivities in the range of about 1073

s/cm.

20 Subsequent developments, such as described in U.S. Pat.
5,296,318 have provided electrolytic battery cells which have
both positive and negative electrodes comprising compounds
capable of intercalating ions and include strong, non-porous,
flexible bolymeric electrolytic cell separator membrane

25 materials which contain lithium salt electrolyte sélutions and
remain functional over temperatures ranging well below room
tehperature. These=eleétrdlyte membranes are employed either as
.separator'elementS'with mechanically assembled ba;tery cell
components or in composite battery-célls constru¢ted of

36 successively coated layers of electrode and electrdlyte

compositions. In each of these implementations, however, the



5 More recent devel opnents have provided a manner of utilizing these

i nproved pwioywsBi83é el ectrol yte nmenbrane and el ectrode conpoBET/USIHPSHRG ch.
substantially elimnates the need for special environnental controls during-
cell ‘manufacture. 10 . Typically, the polyneric el ectrode and

el ectrol yte/ separator |ayers are thermally bonded to forma | am nated cell

structure WRQHYTEET &l eARHARYRS/HERATHFOT reéf?é‘ﬁr\?ist PLace crasipes the
Ppost ponenent, ,qf ﬁﬁ{‘%lte'c\@oﬁéﬁ%t Egh%ea&;%ﬂépe%@é' OF él{'ii |a§§@nﬂl§ﬁ@nd§t A9
ven inits appl i an

of battery construction or ater cation a
activating fdalithe Hyeydostopdicedhatayer oft theise eadftst, haseessliltatal so

pr.ovi des a ready neans for incorporating electrical_cyrrent collector

el enent s, ~uSFAYAPTALNAFY (GLOHACTRER 1o SRRFUELPES2 GUT 1ngy - LoASEEMP Ywhi ch
can add further strength to the cell assenbly. In order to provide optinmum
access of activating electrolyte solution to the el ectrode and separator

| ayers, it is preMoveedrddeait ateviedapmemts diavieheseovidedr acokheeropfl ayer s,

when conprising .a.normally i.nperneabl e nater.ial .such as netal .25 foil, be
of. an open dt% W%ﬁ’es%er %P&eﬁgﬁmé’&, S Cg'-[rﬁgpf s BeTPRAPg, pHd
- fornmed to alddddid RAPRAVhs RRECY isaDstantahlays ellis€natdBathkY nedd

vol tage range can readily be fashioned fromthe layered cell structure by
30 overl ayiary sparidderemfircaimental womtirols dyrang ggld menufefrtuxeended

di mensi,gn.” ALt hou mani.f ol di,ng i.s useful in it 5,31836:

PCT LSO 05 P15 SRy TOHe SOAVREr o Saed SHSAT E5G SLSFSIRAYt Rl FERRFOLOF. o,
Wi t hout addilldyaidl dres Wiirnad 18 eFRided t? Foefth Aamingesante0fil segpeehie
el ectrode col lectors, the folding of a_perforate or grid collector tends to

result in thish ensumescoptdmym dgserleysr repcChiyd tiearer eaprbABAt tHAI ch
nay'U|t'nat%w%éﬁ%ﬂéﬂéﬁéiof sensitive electrolyte incorporation until the

final stages of battery construction or even later in its

15 application as an activating fluid.

The laminated layer structure of these cells also
provides a ready means for iﬁcorpofating electrical currént
. collector elements, usually as additional outer conductive
20 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 preferred that-at least oné of these outer coilector layers,
when comprising a normally impermeable material such as metal
25 foil, be of an open grid or mesh structure, perforated, or

otherwise similarly formed to allow fluid permeation.

Batteries of various size, cépacity, and voltage range
‘can readily be fashioned from the layered cell structure by
30 overlaying a number of cells or manifolding a single cell. of

extended dimension. Although manifolding is useful in its



significant interruption of current flowto a battery termnal. The present

form of bayhekygs@nstruction provides a means for alleviatigg such stresses
and, additronaf‘y, sinplifies the production of battery paéﬁg€@?ﬂpﬁ”ﬁ S

variety of sizes, 10 capacities, and voltages. SUMVARY OF THE | NVENTI ON
15 I nproved electrolytic cell electrode and separator elenents utilizing
pol ymeri c mecenpmisofr eperabignsoapdi seilheycbabbravide directly, i.e,

oly(vinylidene fluotide) copolyner nmatrix and a conpati bl e organic

BI a>s/§i Ci ger"’&xﬁﬁ%“ﬁﬁéﬁ%&}r?ﬂ%’"g %%?ﬂéiﬁ:se‘ﬁsﬂen%nﬁgparpmﬁ aﬁrgngemenm of a

flexible, sebbpsuppob!enactibde dUELEOROLYIPEREORDIASA @Poé';?géfé%_ﬁ%;{%rby
"t a

~wei ght vinylidene fluoride (VdF) and 8 to 25% hexaf | uor opr opyT €ne
range i n whethdt¢ellecter tandmtoneeshilni is the simetslfiracitiyeobrt heptupal

_ copol yngr tgQca r which. ensures good filmsirength 25  while enabling
Cho rotont i o5 sREE BENGE L ERSHE Sin B gy ol ST EREE $9RY1 7218 um
el ectrol yt essahi Sicalt hinedhingot 5t @ Ofcusdemnte 16antens, baéeei%é} edmprapal t

ultimately conprising a hybrid el ectrolyte menbrane yi el ds an ectrve
room t enper BeGrer AR R RE iRAEELTY ORRRTUTYiN |Pravidd e mearS cigr yet -

30 the negd | bit.s nQ. .evi C f solvent dation which m_ght
l ead to ceI#?¥§2ﬁ%gga%ré*%%gg%ﬁﬁ%%%%uc #kn é%lgaﬁné?%&ND§ﬁ99%ﬁéﬂ?s the

PCT/ US95/ 05976AEd etom ob § thak ety packedenisin e haimeal) e dhajfiy cells, are’
genera%éy constructed by neans of the |am nation of electrode and

el ect rof yt CRAF % AR WRIRERS i ndi vi dual |y prepared, by coating,
extrusion, or otherwise, fromb5 conposi tions conprising the noted PVdF
copolymer materials. For exanple, in the construction of a lithiumion
battery, a - : S oo '

SUMMARY QF THE INVENTION

15 .

Improved'elgctrolytic-cell electrode and separatbf
elements utilizihg'polymeric-materials preferably comprise the
combination of a polY(vinylidené fluoride) copol?mér matrix and
a compatible organic plasticizer which maintains a homogeneous

20 composition in the form of a flexible, self-supporting film.
The copolymer comprises about 75 to 92% by'weight Vinylidene
fluoride (VAF) and 8 to 25% héxafluorOpropylene (HFP); é'raﬁge

.in which the latter co-monomer limits the crystallinity of the
final copolymer to a degree which ensures good film strength'

25 While enabling the retention of aboﬁt 40 ﬁd 60% of preferred.
solvents for lithium electrolyte salts. Within this range.of
solvent content, the 5 to 7L5§ salt ultimately comprising a
hybrid electrolyte membrane yields an effective room
‘temperature ionic conductivity of about 107 to 1073 S/cm, yet

30 the membrane exhibits no evidence of solvent exudation which

might lead to cell leakage or loss of conductivity.



~current collector layer of alumnumfoil or grid is overlaid with a
‘positive eM@ds 836 fil m or nenbrane separately prepared as @oramsesshayer
of a dispersion of intercalation electrode 10 conposition, e.g., a [err]
powder in a plasticized copolynmer matrix solution, which is dried to form
the menbrane. An el ectrol yte/separator nmenbrane formed as a dried coating
of a conposition FHAREEELVFIE SSldis.ofush Efe reghapprabdgobarserandedls,
pl asticizer js t r] aj t ositive electrode.15 . fil A :
negative el eac]fer o%ggnr%;g’gﬁ)a?eo g&?%}e?gbg/ re'ltaé1 8§a?‘|§1ﬁg&8f“l§a§&ﬁﬂe9?d car bon
di sper si on iglec oty iaid el ceepellynRr cElr iolemehttsi ahicsh airdi hankyieuanhei d
upon the separator nenbrane |ayer, and a copper collector foil or grid is

| ai d upon t RFSRIFRG v OYelcORtisde [exFEUSieONC oy OtBerWasee| framsenbly. This
20 assenbl S, SS) t QVi eat - fused _haondin
bet-ween%tehe é&n{a@tsit%ﬁ rzbe %%g%ﬁg%g?&rrgflrgl ﬁgégﬁp&%\%&p}ﬁl egil (Laé Cotrsct gf’g
foils or grickanpdet,hereheeicoast ruke ibamofati adthfuinhéoaebhtekegengs into a
unitary flexibl structure. 25 At this stage the | am nated

e battery cell
structure cSMpriss ceﬁ%%&_ﬁiofri CENEINOs GrEMOP RoBedneBUSF fAdi st PYBELaEd
organi c p|a%ﬁkﬁi%ﬁ@osﬁ%ﬁb@pﬁhﬁﬁk¥oﬁgl%ﬁ?mﬁ%Eaﬁ@ﬁgFaHEPEéﬁ%gaégi?;gg%?%géd'S

devoi d of hygroscopic electrolyte salt. As a result,
battery cel lasmgy deatedoldayeat odnbi dispevsdihi ofisineprbalabsbar electabder

bei- furth ' " D 95/ 3183 ..
PCT/ USIS) 05 FFRRRSRGAT  c Bndern & B-BR0RUITTS oi LAt Ghr ek samplymer

reacti on w watatsosphatienolhieheisOakyethes 2Brfl eRbr Ab¥beagal tago! ution
is introduced to activate the batteé% cell need there be concern for

mai nt ai ni ng eAfRFaPUS o 6apRIASAL, mesbrapehformed as a dried coating of a
' composition comprising a solution of the VAF:HFP copolymer and

a piasticizer is then overlaid upon the positive electrode
15 film. A negative electrode membrane formed as a dried coating of
a powdered carbon dispersion in a plasticized copolymer matrix
solution is similarly overlaid upon the separator membrane
layer, 'and a copper collector foil or gfid is.laid upon thé
negative electrode layer to complete the cell assembly. This .
20 assembly is then heated under pressure to_provide heat-fused
bonding between the plasticized copolymer matrix components and
to the collector foils or grids to thereby effect the lamination
of the cell elements into a ﬁnitary_flexible battery'ceil |
structure. |
25
At this stage the iamiqated structure comprises a
' significant measure of homogeneously distributed organic
plasticizer, particularly in the separatot membrane stratum,
yet is devoid of hygroscopic electrolyte salt. As a result, the
30 "inactive" battery cell may be stored at ambient conditions,

either before or after beihg shaped or further processed,



5 efféctively achi eved in an at nosphere of dry, inert gas. Wien it is .
desired to_so lvate a battery in the final stage of manu prior
to subsequ 95@@%3{6 the lam nate cell structure is inmersed ?ﬁ‘?@ggsg"ts Sr wi se
contacted with an 10 electrolyte salt solution which penetrates .the

. perneabl e col | ector el ement. and i nbibes into the VdF: HFP copol yner *

nenbrane majitxohe BERYESR SUbBSéRsttRblytéh@esantoravioncanducsd i védycion
enhancenment as achi eved by a preforned hybrid electrolyte/separator film
cont ai ni ng wiith agmespberstymeistrre1s0nly ot odn ¢heerHRIVE® $akFlitate

e oo P bRRubl ok £81 18E¥08u0R LS teribals PRETELLEY LIS SL08' AILIS
portion of tRe“pt85t 18i z6r-pe preV|ous$y renoved from copol yner mairT x.
This may -bepeeaght¥racEofAPhaShedigingnynhydeotsl tondhgiohe, | 2 may i g
operation by imersion of the.cell lamnate in a 20 copol ynmer-inert,

| ow boi Pi ngeE8rGERYEIX IBRhARVER et Ry Rl o} HBP SRR FR xhedr Yini EREHF | §2S -

sel ectively leach the plasticizer without significantly affecting the
copolymer matrix of the cell elenment strata. The extracting solvent nmay
then be sinply evahenaiedisodgseredatdrye ampivave dabaergryeln . thdhefinal

“lam nate 25 structure be stored.in plasticized formfor., an. ext ended
period of t?ﬁﬁgﬁrggrg?ﬁug%¥F95fiBﬁ.p53%5t€%r§9$%#%¥ﬁﬁtﬁ?%%ESEh%F4?$éﬁ?ﬁFthe

| ami nat ed- peLymescpateni-al $si smh€agelYiddept sbhérlPsbatShc b &@Nhitniaus 3C
operation, since the electrode and electrolyte |ayer elenents, as well as

t he colPect elegrrdiybeadsadt| solunionewkicpcdenetsaes tiie pemEeahB1836
PCT/ US95/ 05776. prjor to lamnate a Y. t 5 | am from
conf | uent mﬁﬁﬁ‘g?LﬁBI?ﬁ%?eﬂgy%?gnﬁiéfgg slﬁo? P§¥éga%5%€?ﬁg'-éfﬁégkfolding.
A particul ahepB¥anéaggttiRstod pitbeidacsubseint Lalikerhdosemes el dsiof

previ ous practices requiring ultinmate ' o

‘conductivity enhancement as achieved by'a prefbrmed hyvbrid.
electrolyte/separator film containing éuch an electrolyte salt

15 solution. In order to facilitate the absorption-gf-electrolyte
solution, it is preferred that a substantial portion of the
plasticizer be previously removed from the copolymer matrix.
This may be readily accpmplished at any time following the
laminating operation by immersion of the cell laminate in a

20 copolymer-inert, low-boiling solvent, such as diethyl ethérﬂor
hexane, which will selectively leach the plasticizer without
significantly affecting the copolymeér matrix of the cell
‘element - strata. The extracting solvent may then be simply
-evaporated to yield a dry, inactive battery'cell. The laminate

25  structure may be stored in plas;icized.form for an extended

‘period of time prior to activation.

A battery-forming process utilizing the laminated-polymer
materials is readily adaptable to batch or continuous
3C 'operation, since the electrode and electrolyte layer elements,

as well as the collector grids and foils, may be shaped or sized



5 elenent integration, the functional electrolytic cell resulting from

-t he | am natywg®ssigsé he | ayer el enents need only be sized and rawwsssioswed, as
désired, to obtain conpleted batteries. The present invention provides a -
manner of such cell 10 mul ti pl exi ng which inproves the inplenentation of
the resulting batteries, as well as alleviating a previous disadvant age
associ at ed wpativaern plamtnare fssemblybrag fHhey mahdref diamiagtest 1fxom gri d

collector elements of the cell. .This prohble f.ractyri f | | ector
element, is %‘?Iﬁﬁ‘b‘?ﬁ%lﬁ’f%‘?r? ‘?‘I%}“%H‘ayted: %aet%a‘blraﬁlgst l%’ernng'la%gelf)%%ta%gpg o
el ement whenysii St A aod@niay saidmegyefl iesan fulled fa0t that,
accordi on-pl eated, battery structure. The invention provides a renedy by

utilizi ng ‘greml ke pehdee el ¥oidhs previnly ERaRicRs FRIWInIOGnd tHEGAS ve

collectors of, a pair, of |am.nated,cell all a ; [ '
a doubl eer-’l ea%ll%%l%rﬁrftie@]?% PR Fhe; gPﬁ?%éfiPl, ég%égﬁg?'égﬁﬁiégﬁn&rfgnsﬁgﬁﬁé J
the gri'd col £sh A dlarifh@ tidhebEOtheflder rlldmentts heedhentgnpé esterddirand
solid foil collectors remain_at the exterior. In this nmanner, the stronger
foil coll ectwrktirkexed rs (RHHTRP sthe RS h FIBHE TR RETEHFFort to the
25 —assenbly, while the effect of any fold-induced fracture of a grid
collector is mtigated by the conductive continuity nmaintai ned by contact
bet ween the grid arige tweseritc himgeromindrn guomsi & iad rfagirlerofof] isuepaleddity in -
the other assenbly cell. Residing at the exter'h)(')r surfaces gf t he fol.ded

batteryl®0 m™atiRIeFeng (AE QY IPrOYES CHF LEPLFESRRPEREP ot tFHRCSSPting

present hi ghggondiict i vi e taflid oreaue diRdRsRAgd ve - 7-
WO 95/ 31836rbg da)1dd witd %%mﬁm Bl % PCT/ L;S195/ 05776 battery
cont act s. . Nuaesocsabed twei th anamimeiarion Wi theamans fragitlico rdr fatededages

22(;5: ELLPf’gnP%fftcﬁf:gS#ﬁ g‘h‘? Jo%c;hteon.p_aeslié:me_dnotusbloef I't aed cCee.‘JJ! . f'i%lidsi r%:q*oblem, a
_ fracturing of the collector element, is attributable primarily
15 to the abrupt bending of that element when situated at the
exterior sﬁrface of a manifold, or accordion—pleatéd, battery
structure. The invention provides a remedy by utilizing grid'or
perforate foils as the respective pbsitive and negative
collectofs of a pair of laminated cells which are then
20 multipléxed in a double-lead concentric fold, or "jelly-roli",
assembly which maintains the grid collectors at the interior of
the roll, while the complementary solid foil collectors remain
at the exterior. In this manner, the stronger foil collectors
resist the folding stresses and lend further support to the
25 quembly, while the effect of any fold-induced fracture of a
grid collector is mitigated by the conductive continuity
ﬁaintained by cdntact between the grid and the matching
contiguous solid foil of like po1arity in the other assembly
cell. Residing at the exterior surfaces of the folded battery
30 structure, the solid foil collectors further ultimately present

high-conductivity surfaces which readily receive the respective



BRI EF DESCRI PTI ON OF THE DRAW NG 10 The present invention will be descri bed
wth refer t he acconpanyi ng drawi ng of which: FIG 1] -

di agrammat i ¢ Vi eﬁv%/mof a typical |lam nated 15 l'ithiumion bEﬁ’é’F?ﬁ"’é%?ﬁ
structure utilized in the present invention; FIG 2 is a diagrammtic
representation of a | amnati ng process for preparing a battery cell

structure of FIG 1; 20 FIG is a diagrammti.c sectional -view-of a

mul ticel l b§F¢§PfYéFP@€FGF§ uNPWFfPH@ Pﬁ§t65¥|érEéPHe@P§ﬁ§nWét6fVFF@Pui;
FIG 4is a I t iy a i f pat gLY
structure uti ?:%llg%g?heeb"%g%%bggl :ar\él E%E%SQOEEQFG%%S%E}SL g }:seabas'lc

di agr ammat | dosde-deald viedW dbldidgubbeskeadtfionded chik batreftyon.
construction of the present invention; 30 .. ~  FIG 6 is an enlarged
view of the battery construction section taken fromFIG 5 at phantom

encl osure 60; -8- WO 95/31836 . ' -

PCT/ US95/ 05776 FIG 7 is a sectional view of a conpact battery construction
according to FIG 5-showi ng an enclosure and term nal contact structure
enbodi nent; 5 FIG 8 is a sectional view of the conpact battery
~construction of FIG 7 show ng anot her enbodi ment of an encl osure and

term nal contact structure:ss G | SN At EY I TR he conpact
battery 10 construction of FIG 7 shomnng yet anot her enbodi nent of an
encl osure and termnal contact structure; FIG 10 is a sectional view of
the cogpact battery construction of FIG 7 showing still another enbodi ment
of an

The present invention will be described with reference to

the accompanying drawing of which:

FIG. 1 is a dlagrammatlc view of a typlcal lamlnated
1t lithium-ion battery cell structure utlllzed in the present

invention;

"FIG. 2 is a diagrammatic representation ef a'laminating
process fbr preparing a battery Cell struCture of FIG. 1;
| FiG. 3 is a.diagremmatic sectional view of a multicell

battery structure utilizing the basic cell elements of FIG. 1;

FIG. 4 is a diagrammatie sectional view of a manifold

25 battery structure utilizing the bésie cell elements of FIG.”l;

FIG. 5 is a diagrammatic sectional view of a double-lead

folded cell'battery'constrnction of the present invention:

- 30 FIG. 6 is an enlarged view of the battery construction

. section taken from FIG. 5 at phantom enclosure 60;



15  enclosure and termnal contact structure; FIG 11 is a sectional view
of an increwoes31836t age battery utilizing a serjes coupl e ofpPCImsIsHE767
conpact battery construction; 20 FIG 12 is a graph tracing recycling
voltage as a function of time for lithiumion battery cells according to
‘FIG 7 and FIG 11; and 25 FIG 13 is graph of capacity as a
function of the nuffer Bfl%rﬂar%%ﬁ%’&ﬂar‘@‘ee"&;&qae% chqparqq Harke0h battery
cells accordj I/ | ]

PCT/ US95/ 057%@?%:%&%[&? &\1?%@ % I%EI\TT O\? A%é%ﬁ{ngzg%g %necc oasrug:jreeabained
battery celltestmimslireomtsaftul stirudtute guimstmerityventi on as depicted in
FIG 1 conprises an electrically-conductive collector foil or grid 11, such
as copper, ni.ckel, nickel-plated netal, or high-nickel stainless steel,
upon whigh is |ai depgnegafd vie SlECIdA0E PRAPIGNGHES KRPY S BME Aty
intercal atable material, such as carbon or 10 graphite, or a |lowvoltage
l'ithi um insecensrrecnpoumnt Bih AsHaritg anotihen)ismimdiowen of gnasti ci zed
pol ymeric binder matrix. An electrolytel/separatar film menbrane 15 of

" plasticized MW%O%# yrmnad, ¢ c?/rﬁ%%edﬁifd‘b%‘ﬁeect rode el ement 13 and
is covered with a positive.el ectrode nenbrane 17 15 conprising a _
conposition of a finely-divided |lithiumintercal ati on conpound, such as
[err], or [err], iFLG p}abtiziseqrigmigdariey mhdde mempact Aatdlany num

col | ect f ol [ id 19 etes , I ' s then pr ed

bet weenﬂ?ol at éeé\%%ﬂg%éls%%v\% %‘erﬁhseﬁac{mﬁigﬁs%t?@eg <0 éégneé’%d%bsfgr‘?(ﬁl 20
the pol ynerienehiparnenind asrmiatd Naden e nyienarend _

FIG. 10 is a sectional view of the compact battery
construction of FIG. 7 showing still another embodiment of an

15 enclosure and terminal contact structure;

FIG. 11 is a sectional view of an increased voltage

battery utilizing a series couple of the FIG. 7 compact battery

construction;

20

FIG. 12 is a graph tracing recycling voltage as a function
- of time for lithium-ion battery cells according to FIG. 7 and

FIG. 11; and

25 FIG. 13 is a graph of capacity as a function of the number
of charge/discharge cycles for lithium-ion battery cells
according to FIG. 7 and FIG. ll.
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collector layers. As previously noted, at |east one of the cell collector .

foils is pyebgfigy y prefornmed as a perrreabl e grid to facil |qu,h%9§,&e,7({ | ow of
activating solution into the cell. Sinply for ease and consistency o

illustration, the positive 25 collector is depicted in the first few .
Fi gures as such a grid. Separator nenbrane elenent 15 is generally prepared
froma conposition conprisin TeRrbNeOFnoedr @188 % Vi nyl i dene
fluoride:8 to 25% hexaf| uoropropyl ene copol yner (available 30 _ '
commercially from Atochem North America as Kynar FLEX) and an organi c
pl asticizer. Such a copol yner conposition is also - 10 - WD 95/-31836
PCT/ US95/ 05776 preferred for the preparation of the el ectrode nenbrane

“elenents, since suhsairited aRchakrgeabler baeeeegn@au bt ityrhbe apsded.; nThe
plast|C|zer nay be one of the various organic conpounds commonly used as

sol vents fdb %Ilé‘?ﬁsr%}%rt@‘éeé}ttls‘m s G@F{:}-C eﬁro‘ﬁylF cardsTratisasr ast hyI ene
car bonat e, t S. oi |
plast|C|zeré§§$§%if suc %?ﬁ)i§xa pﬁ Eaﬁggg' dr%gnh 'jl hf%g%h

di et hyl phtdumdre, rmn:d<é]r| mzmnedw_spdlameld plecsihatoer m@hpa]rltd}deul &ItLa)inless :

sui t.abl e. I nor anic filler adjuncts, such as funed 10 5| i ca f umed
alumina, oS SHe L SRAR MRS S (e oo e TG LA B 23 d5cal

strength a%m‘fﬂ?ﬂﬁsa}ﬂg’sc&%ﬁ' iirt et SRUPAA e SFRIE, a%%c%n‘ist‘?: zl%'he%sre the
“subsequent [evel of electrolyte sol ution absor ption. Any conmon

procedilt e faraplsidtd .nprwora flmwmtfagerrﬁ-lmhumnnmms;l@h p@hpmdcospchl BisoNs
TRy Do CTPRLE KR, NS PASPaRSLLN 2k e PLERERL UM A0R MBLEL 8l Sy et e
doct or . bl adewpar a&usléd&dmmsépxax@totrhslq&wae&mtﬁa%wsl b£20  normal Iy
be reduced by the addition of a readily evaporated _
plasticized VAF :HFP copolymer is positioned upon electrode
element 13 and is covered with a positive electrode membrane 17
15 comprising a composition of & finely-divided lithium
intercalation compound, such as LiMn;0,, LiCoO,, or LiNiO,, in a |
'plasticiZed polymeric”binder matrix. An aluminum eollector foil
~or grid 19 completes the assembly which is then pressed between
platens (not shown) under heat and pressure to soften and bond
20 the polymeric components and laminate the membrane and
_collector layers. AS'previohsly noted, at ieest one of the cell
collector foils is preferably preformed as a permeabie grid to
facilitate the flow of activating solution into the cell.
Simply for ease and consistency of illustration, the positive

25 collector is depicted in the first few Figures as such a grid.

Separator membrane element 15 is generally prepared from

a composition comprising the earlier-noted 75 to 92% vinylidene
fluoride:8 to 25% hexafluoropropylene copolymer (available

30 commercially from Atochem North America as Kynar FLEX) and an

organic plasticizer. Such a copolymer composition is also

- 10 -



casting solvent, such as acetone, tetrahydrofuran (THF), or the like . Such
‘coatings ameoosssx |y air-dried at noderate tenperature to VWCGIVEBIS/O5776

sel f-supporting filnms of honbgeneous, plasticized copol yner compositions. A
menbrane material, 25 particularly for use as a separator elenent, may
~also be forned by allow ng the copolyner in commercial form 'i.e., bead or
powder, to syeéferred PoOPEHE i PrepEranbomtodf tipd aslect zade anshibiwrne pr essi ng
‘the swol |l en nass between heated (e.g., about 110[err]_to 150[err]). pl ates
or rollers, ®teBSR¥Sidi FHPERSWSETINT bAminafe oiptapiace compatibility is

PCT/ USG5/ 05726208 N34 Lo ARSEAD] GhFabd SHd Ut WS VI ST ddfd e
acconpl i shed by commonl y-used apparatus. Preshaped or sized asse I'es may
be sinply presspouids comhomlywnséd d=tsebremes af opl el est meliye echlats about
3 x 104 to 5 x 10[err] Pa in an oven at a 5 t enperature of about.  110[err]-
to 150[ ePr].<Ver ep’é%%ﬂ%%u%awtb? VorpIREH RS RARA e @S bR,

the operal| op; £BYr b€ GRrEheth WhniiSiis NGRSk LALNNGG WA i1k Such a

lam nate battery assenbly nethod, .as depicted in FIG 2,7 a copper collector
foil 21 and compoundse stcktasddillonepht2slate ardiamadyl phokalane,10

f ashi on, bl tween buf f heets of al.uym f 0i.| t_sh , and
hre passed (HIOHENY (HIHSITEC o & Correrar R BASHHARE (35R natof at a
t.enperat ure ©dreboiadlP[Alfdadie 1300gani A finaakedaglnet8Ynkaeh| £61fimed

grid 29 and a‘{)_ositive el ectrode el ement 27 are simlarly lamnated to
provi del@ pasiligalsfumed adumdae/. corl @tlanipedtiyned|ssifdnes M2y P8 uged to

“electrol yte/ t 25 .0 s then_inserted t el ectrode/
col | ector pa?rrﬁ?%%gZ ea?&’%e@ arle%l}lr%ln #gliagglgngl%%i g?%%)égggytﬁfoﬁgieqa%adtor
| am nat or dewémierarie and| to t sl dirchef sulliedguditd[ Bevdl tof Rirdlyd h

sonewhat | ess pressure to obtain the |am nate 20 battery cell structure.
solution absorption.

15 “Any common procedure for casting or forming films or
membranes of polymer compositiohs may be emploved in the
preparation of the present membrane materials. Where casting or
coating of a fluid compoSition is used, e.g., with meter bar or
doctor blade apparatus, the viscosity of the composition will

20 normally be reduced by the addition of a readily evaporated
casting solvent, suéh as aéetone; tetrahydrofuran (THF), or the
like. Such coatings are normaiiy air-dried at moderate
temperature to yield self-supporting films of homogeneous,
plasticized copolymer compositions. A membrane material,

'25 particularly for use as a separator element, may also be formed
by allowing the copolymer in_dommercial form, i.e., bead or
powder, to_sWell in a proportionate amount of”plasticizer and
then pressing the swollen mass between heated (e.g., about 110°
70 150°C) plates or rollers, or extruding the mixture.

30
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-The foregoi ng procedure nmay be enpl oyed to prépare cell s of higher capacity

by duplic th|n the cell structure the appropriate e %ﬁ%
. electrolyﬁkigﬁgnents Such a 25 mul ti pl ex configuration §¥%% Fed in
"FIG 3 and conprises copper collector 31, negative electrode |ayer elenments
33, electrolyte/separator el enents 35, positive el ectrode el enents 37, and

al um num col [ ect Qfanfliied iekemanbs i1 labasdd situdcutie fl | 85401 gh et s

formrespectlve common term.na battery stru ture ﬁent
| am nat i onacedrpAdishesd, b&ﬂdommbnﬂ&%ueadwapbaebﬁubrObyéehapbdtansﬂhﬁdUCES a.
battery cell of - 12- WO 95/ 31836

PCT/ US95/ 0RFFAEMIGERS PaYcRet TRbp REasFest fofeapgleEt cdrile RAvSeR meGall.

Battery ce éJl%t%fs ReQRBH0Bat gbymgr gaten péapacsty £an Eraeg]q'{ %1 hre

constructed hy repeating, as desired, the-sequences of ¢ enent & as
desired. Coesipderdtiren ofhabbdt 6f080upse50%e. dillvere Scont inudies angbi gt ed
I ncr ease |n roceSS|n28hlne occasi oned pg}the i ncreased mass of materi al

t hrough whiS F@?ﬁF&C r3RES BT P VAYF DHAR 1S SRR TRSON Bdys beueArTisd

| ani nat i on oulth@shakt Bk tedl balBhakkakoB¥rs0 InbeushoLedanRdgt eNBLFRLy
conditions with the retai ned plasticizer for any Ilength of tine prior ¥o

final battéﬁfewbdvem§ﬁhgdandsa@@PV@E?@nln1Eiﬁ4aﬂn facoPPey beldectpunthéd
into coins for am, Li atte s_or_el ongated sheets
an1n %Qg ?}ec@%er a%agﬂeng 23 %#8 a0F FRY S ) 18 overiay’

of theerX|bIae e“Fo

inter posed fa@mbat oprefeﬁabwobdadeemowte@eﬁts&oéetrs HfGalémithemyifeid anot
conpact, h- denS|ty structure to be sealed in_a protective enclosure with

actlvatlngs wEY r 0P 236 BRFSRA FhEOHERI FBRdTedLs 8F ef@ gomsapekal here
| | | b
as only pacbiallkading tohIRLebP ! A%l géi\eﬁwa%faég&{ee& %pg§ab y be

prepared in the ng exenpl ary TRANET ne rode ¢
A treated aluminum collector grid 29 and a positive elec*rode

_ element 27 are similarly laminated_to providé_a pair of
15 electrodé/colléétor battery élements'22,'24.'An electrolyte/
separator element.25 is then inserted between the.electrode/
collector pair 22, 24:and the resulting assembly is passed
through the laminator device at a roll temperature of about 110°
to 150°C with.somewhat less pressufe'to obtain the laminate

20 battery cell structure.

The foregoing procedure may bé employed to preﬁare cells
of higher capacity by duplicating within the cell structure the
appropriate electrode and electrolyte elements;-Such a

25 multiplex configuration is depicted in FIG. 3 and comprises
copper- collector 31, negative electrdde layér elements 33,
electrolyte/separator elements 35,-positive'electrodé'elements
37, and aluminum collector grid elements 39. Tabs 32, 34'of the
collector eiemeﬁts form respective common terminals for the

30 battery structure. Subsequent lamination, ektraction, and

activation with electrolyte solution produces a battery cell of



conposition was prepared by stirring in a lid-covered gl ass vessel a’

- m xture otwgledBigsscomrmerci al mcrocrystalline graphite (abowcTRspsesiier), 2.0
g 88: 12 VdF: HFP copol ynmer (Atochem Kynar FLEX 25 2822), 3.12 g dibutyl
pht hal ate, 0:37 g Super-P conductive carbon, and about 28 g acetone. The
resul ting paste may be degassed by briefly applying a reduced pressure to

the niXxing ¥688€! twicPOfhd acitie SOMOSI B WBSL L aHiRéh Oh 1 ass. pl ate
with a doctor blade device gapped at about 0.66 nm The coated 30 | ayer
was al | onedBabtery eells rof Her it irpatrld IHeR taTd daRastidivataary reasiilyy

dry air at roomte [ re f about 10 m g -. 13. - 5/ 31836 .
PCT/ US95/ _059%0%5%"%?%5% %uﬁ%ﬁe‘%%ﬁg{ I afidbsizel, the ol PSS sisdd

fromthe gl a5ém@hed eas Tdesitddn VEsnsiiatatidcd gABUIY ClofMddursdr bwdhasien
_wei ght of about 0.23 kg/[err] and was easily cut into negative electrode
el enent>43 &7 EPRANTHOLIBAURA MACYSHTD 0 RFIFRTU[IL LIS [RS@Fisid vl was

trimmed at ope ﬁ?&%é’sé&”rﬁ‘%és %&P e Y LN Ol URSRGH L 0 SAIHE 2% 2@
conveni ent battery fTermnal. To enhance the ensui hg adherence to its

associ at ed atectanden ef budd ,wildl lpakls was di p-coated in a 10 0. 5% acet one
solution of the FLEX 2822 VdF:. HFP copol yner, air- dried, and oven-heated at

about 330[err] to 350[err] for 5-20.seconds. The heating step may be

eliminated by usi g fedlidh©Oa | TS50 didON e AiHler3V0RAGN il &1 1Vl HFP
‘copol yner and di butyl phthalate, or a coating of ethylene-acrylic aC|§
copol yhier . IBe stqredmmdssnposimailopofidigienkbwith Sfe Gatined e ragmnildiizey

negative forl_.collector 41 s, then | amnated w th negative el ectrode
Tonbr ane 43ETH THE LR (A1 THIRGE XS 101 P SR R Ve P ARS8 PPk o
cel | subassgibivat£éh. The lamiiddd ady e 2Bk -RsidHE QIR IdgR/ Gld elor
subassenbly was forned by Ian1nat|ngaan.acetone-cleaned and :

in the familiar "button" batteries or elongated sheets of the

. flexible laminated cell material may bé_rol;ed with an
15 interposed insulator or manifolded, as depicted in FIG. 4, to
vield a compact, high-density structure to be sealed in a

protective enclosure with activatihg electrolyte solution.

The manifold cell of fIG. 4, shown there as only partially
20 folded for clari;y-of illustration, may typically be prepared
in the following exemplary manner. A negative electrode coating
composition was prepared by stirring.in a_lid—covered glass
.vessel a mixture‘of 7.0 g commercial microcrystalline gréphite
(about 5 pm), 2.0 g 88:12 VAF:HFP copolymer (Atochem Kynar FLEX
25  2822), 3.12 g dibutyl phthalate, 0.37 g Super-P conductive
carbon, and about 28 g acetone. The resulting paste may be
degassed by briefly applying a reduced'pressure ﬁo the mixing
vessel. A.portion of the composition was coated on a glass plate
with a'dogtor blade device gapped at about 0.66 mm. The coated
30 layer was allowed to dry within the coating enclosure unde;

moderately flowing dry air at room temperature for about 10 min



pol ymer di p-coated open mesh al uminumgrid 49 of about 50 pmt hi ckness

(e.g., a McroGid precision expanded foil narketed by Del ker Cbryoration)
to a posit MBIt r ode nenbrane 47 2! prepared froma st FFIU§IS05776
honogeneous m xture of 10.5 g of [err] where O < x [err] 1 (e.qg., [err]

prepared in a manner described in U S. Patent 5,196,279), sieved through 53

[err]m 1.61 g of the VdF: HFP copol yner, .(FLEX 2822), 1.63.g di bytyl

phthalate,_GFBY§e§§p€r3P”@@nd&§??5é°§§ﬁ& Wgéﬁé gﬁﬁufeggl; 1§‘§}Ré§FoﬁEPm

The conposi tqh%n ﬁscg%%%.atrn% fpliade waaP a8budbeut gl mml cAICkO Wil d aBy .
mwith dry

el ectrode fi ‘basi s weight of abgut - 14 WD 95/31836
- PCT/ US95/ 05 B&E 6. Greigihfteorf] abble 61.88t kgday cantlewasr eaabiyseubl ynpair were

| am nated, as in.the procedure depicted.in_Fl . WAt h 600 x 40 mm strip
5 of an eM&&&F%W @ﬂfé‘ﬁé_rogteoreq?ﬁﬁﬁéntq%g.f ?ﬁ@uﬁeﬁypaﬁeagogﬁ'ng sol ution
for. el ement 45.was prepared by suspending 2.0 g of the VdF:HFP copol yner

(FLEX 2822) in about 10 g of acetone and 2.0 g of dibutyl pht hal at e (DBP)
and warm ng the nmAx®afext é0apwucoBDREr ¢PLlhperoBCERE] ohhiwagitimmad 8§ one

facili -di | utd on. _A i . h L ut i '
g?glssl :)?gtee P\Iﬂscf%o;tflﬁ%& r 5 ;fﬂ‘ié*og’&j}i%%‘eWg’g‘ége%“%?e%'c‘?ﬁ?lgé%e%%%ﬁ ginr adri ed

for about 1QdHverient ®adtlelsy treugiinadl.aThi enhhaackr ahyt ehsepaygatdherenbeane
45 whi ch was about 85 [err]mthick with a dry basis weight of about 0.1
kg/ [err]. TH® $ncetsfasiahed ehecferrdn edenerily £odi 6h Was AP reerfad in Ay

FIG 4qand pye§s 4%-.%% &A@ on™H fgled Fi.tEku_@tB!ZﬁeVid@'-WFiPCEoggli%E??pSQS:LVE

outer porti ons O%%t € separate contlnuous positive and negative col | ector

surfaces 49 dvikdeand bvenrhaated?8t about 3302 a3 FAfidl fuat Se2P serooatiste
was then imersed in stirred diethyl _.ether three tines for,.,about 10 m nutes
each : The_heatlng step may be eliminate Yy using a dip coating
solution of about 3% each of the VAF:HFP copolYmer'and dibutyl
phthalate, or a coating of ethylene-acrylic acid copolymer
1¢ . primer composition (e.g.j'Morton'SO-C412). The resulting '
negative foil collector 41 was then laminated with negative
electrode membrane 43 in the described manner to form a negative

electrode/collector cell subassembly.

24 A similarly siéed positive electrode/collector
subassembly was formed by laminating an acetdne¥c1e;§ed and
polymer dipecdated open mesh éluminﬁm grid 49 of about 50 pm
thickness (e.g., a MicroGrid precision expanded foil marketed
by Delker Corporatioﬁ)'to'a positive electrode membrare 47

2! prepafed from a stirred homogeneous mixture of 10.5 g of

Lii.Mn,04, where 0 < x < 1 (e.g., Li, osMn,0, prepared ih.a
manner described in U.S. Patent 5,196,279), sieved through
53 um, 1.61 g of the VAF:HFP copolymer- (FLEX 2822), 1.63 g’
dibutyl phthalate, 0.5 g Super-P cdnduCtive carbon, and about
3 16 g acetone. The composition was coated_at'a blade gap of about

1.1 mm to yield an electrode film with dry basis weight of about

- 14 -~



during which-the ether solvent penetrated between the structure surfaces
and t hrouglwobs31386 d of collector 49 to extract a substanti aciosssiooreof
the DBP plasticizer. The manifold 25 battery cell was thereafter
activated in preparation for charge/discharge cycling by i mersion under a
‘'substantially noisture-free atnosphere in a 1Melectrolyte solution of
Li PF6 in 50: §0g ekgyh®ne carbonate (EC):dinethyl carbonate (DMC) for at

| east 20 m nutes during which the |lamnated cell inbibed 30 about 31% of
its extracted weight. Following a mld wiping with absorbent materials to '
renove surface elegtrolyte, the - 15 - 95/ Co : .
PCTT Usos! 05076 act TO%: %#%5??%?9‘3%&%%‘%% e%%;’%%mi%aa’rﬁ YV HS AR ALEd
but for the gxtandiHy dreydddidle HaBscéedddn FIGa X edaH ial 600gxengehmpe £t
shown) of noisture-proof barrier material, such as pol yol efin/al um num
foi |/ pol Jest@f 2mneheterahees/ sRPIFatQDAAIRIRET 145 ustrr fAmymnRstaggting

encl osures. e S ) t I ng.. i We]amL: e. .

activated w ﬁﬁéggé%ff%ﬂeéfn%ﬁ?née%% g%r?p gie F%%§ ugegﬁgggijlggﬁg?épe%t?%lty}fee

sol utions. NedRbHFP ddysoBmet IEHDEXE 28QRUt ianaboay 10 g cfoapeitstesdall 2.0 g

organi c sol vents, as dj net hyl_ carbonate, gt&g%ene car bonat e, di et hoxyet hane,
|

- diethyl car b®haiPutyrbRhdiad ate (OREY e RRG i M M XTRES Sy pbout 50°C
car bonat e, ' r e d E | i d : i-he | Mat ing

el ectrol yt ea‘gg?lglfx%%és%%%grgﬁis%?ﬁ&?i%%&ugnc?‘gla %s%@ic?llc ét}gli%u{l{e]'r rzf(af%\adm

Jerr], 30d [efrthersolet vnplvaseddatesblont roglesacphatatwbns afddetawdsiade

car bonat of di FETHSE SAREhA iod 11 BFo 25 BABFBTaRT RPRtBPELt Wl iR oy
_described i nydbfa Eﬁé-t§h§§21éi§étég)electrolyte/separatdr membrane 45
which was about 85 um thick with a dry basis weight of about 0.1
kg/mz. The sheetlwas then folded in zig-zag fashion as depicted
15 in FIG. 4 and pressed into a tight manifold structure in which
only respective outer portions of the separate continuous
positive and negative collector surfaces 49, 41 were in

contact.

20 . The manifold battery structure was then immersed in
‘stirred diethyl ether three times for about 10 minutes each
dufing which the ether solvent penetrated between thé struéture
surfaces and through tﬁe'grid of collector 49 to extract a
substantial portion of the DBP plasticizer. The manifold
25 Dbattery cell was thereafter activated in preparation for
_charge/diséharge cycling by immersion under a substantially
moisture-free atmosphere in a 1M electrolyte solution of LiPFg °
in 50:50 ethylene carbonate (EC):dimethyl carbonate (DMC) for .
at least 20 minutes during which the laminated Eell imbibed
30 about 31% of its extracted weight. Following a mild wiping with

absorbent materials to remcve surface electrolyte, the

- 15 -



During the manifol ding operation, it was noted that the abrupt bendi ng of .
open nesh wolssergzer grid 49 at each of the structure folds g mgﬁtgunber '
of fractures of the relatively weak grid material in those areas hough.
such fractures were 25 of little consequence at the internal folds 48 due
to the contiguity of the faci ng surfaces of grid 49, fractures at exterior

folds 46 re S 1nthe ntinuity of that
col | ect or %%%ﬁ%té(?ng%%gé ll’J"tsm(';ltlfllfllésjlo‘%)ér%b eelfrllnetfh%af |53 Tt ??Je%holké‘t
battery cel foﬂssleebéxtaﬁdim Bé)rmlrmpsedﬁs um/emj Ofh VRS syl

VO 95/ 31836 PCT/ US95/ 05776 grh| s

advant ageou%n‘é%]rq’P%séfé?r%lsih‘?@)stﬂ)ﬁmn‘?#ﬁW@ Breof eantiermataisihl, such
di agramt'&sfﬁéﬂéfe%ﬂ?)é ructt&?f/&ﬁ#ﬁ@grt Sex%:?rho%tel a}_Heran ement of

the cell elenments wt ure el ement's
of a céhl, d@mnérc:.al(]émplﬁd:eﬂdr Shodepies hasic ldmwedierel y as a foil
collector 51, a grid collector 52, and, disposed between the collectors, an
el enent 53 which is in fact the preV|oust descrlbed conblnatlon of

positive el ectrodgfelatyolyta ARMMANE/ e furth
I ndi cated, the assenbly may be of any 10 e5| ree? corrpog%t enfﬂallf g’r?d as

wel |, may tae:t@fvmgd mnrﬂieraruf dflule orumeraps combiues imiioues &1seid Tah;elﬁ_lqeﬁ_@nt
cell arran i I i.d th ext.ernal folding stresses on
open mesh %.gffee ocT]1S r%ﬁ%ﬁit g“%ﬂ tﬁ]telcr%oé-wiq Wtdo@lseﬁ’ém

fract uee. Avorgsididd Cﬁiféh Qii\g%ﬁlaﬂ%dlireﬁfﬁsolé%ddllﬁ@ﬁ 1%&1%”

rbondtel
of solid foil collector elenents at the exterior the ce Wnere

l end st ren@%%t;ﬁ:otdéﬁqwma@%v|<5d@tém]-bqumhom§3:er,e<pe'pw1eaerface for

the appl i catd, 90 0fc ,l %Het%%xﬁ%ha er Igl%%lo%’yll %%d%on%%%,cgg%a?ngitures
thereof. A;sq, in the formulation of the activating electrolyte
solutions, other useful lithium salts, including LiCl0,,

15  LiN{(CF3580;);, LiBF,, LiCF3SO;, LiAsFg, and LiSbFg, 'may be
employed in solution concentrations of between aboiit 0.5 and
2M. Of particular-utility are the exceptional ethylene
carbonate/dimethyl carbonate compositions of LiPFs'and mixturés
with LiBF, described in U.S. Pat. 5,192,629. .

20 | | '

'~ During the-mahifolding operation, it was noted that the
abrupt bending of open mesh collector grid 49 at'each of.the.
structure folds caused a number of fraétures of the relatively
weak grid material in those areas. Although such fractures were

25 of little consequence at the internal folds 48 due to the
contiguity of the facing surfaces of grid 49, fractures at
exterior folds 46 resulted in deleterious disruptioﬁs in the
continuity of that collector element. In response to this
problem, the following flexible battery cell assembly of the

30 present invention was developed.
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As depicted in FIG 5, a cell of the present invention conprises a pair of
*subcel | s 5wo 95818%Gi ch are, in essence, inverse i-mages of ONRCHUSINVOSY76 That
is, the negative collector 25 of subcell 54 is solid foil 51, while that
of subcell 58 is grid 55. On the other hand, the positive collector of
subcell 54 is grid 52, while that of subcell 58 is solid foil 56. This key
arrangenent nmay b@hﬁbewdﬂamnageohsacbylinsshmbémlasgehowecihoﬁIGQ Bf ithe

structure shown_.in FIG 6.. There, subcell 64 neqati.ve 30 1 ector, foil
o of T A expaheeR CURPEATBAESE LT b EH I Aks il lustEatighobE

copper. The &QMplRBNE2UngdResk! of the cellV€ﬁ85é5@§3ﬁlthln the
PCT/ US95/ 05776 'positive foil and grid collectors 62, 66 of, for exanple,

'alunrnun1vmIdtﬁuduumeserethnrcontaouS|Neahtethatﬁhngayergfoa chdélf ofded

construction. | rmthe new cell co tructr t he ells,are
overl ai soqﬁiﬁplﬁnge&&|g Y?éb%%ﬁl ?Yﬁs?eré%¥ %tﬁ&e 892 % gi
55, are in eog&a@tcoau@ctbe gbongane QQbeQeBabétwééﬂDQﬁet@olieé@bﬂgﬂ ahn a
double lead "jelly roll" fashion, with the exterior.solid foil elenment at

all times ceismentt SigwhAchids imxfactofhef PEREiPBEYEIGSSFTEPEfe. As is

evi dent in F'%?h%atE%% 5? 5£P@{vé“%? qrége}ég%ééyéi te%lép&? §V5%§akgve

extend beyon € ot her order Sit e exterior

of the strueilecerbde. amsleastharpahaueateﬂretheahb;embmytmhylbe of ahg
circunference. In this manner_ the grid elenents are 15 subject ed onIy to
interi P fo@ﬁaageétF@@§@§1§ﬁdispst§uaﬁértéa Weldol aYT BRI QL opny| Rumber Of

‘polarity, y Sb solid foil surfaces of both polarities are.
present ed a?%r % ?&?Q&aggof the final battery cell. 20 . - In the

foll ow ng Figures depicting conpleted battery constructlons of the
invention, each th%h%uigggglg gs present cell arrangement is,
' primarily, to avoid the external foldlng stresses on open mesh
15 collector grid materials which ultimately lead to element
fracture. An additional advantage is enqued, however, in the
dispoSition of solid foil collector elements at the exterior.of
the cell where they lend strength_and protection and provide a
ubiquitous receptor eurface for the application of'electrical

20 terminals, leads, and contacts.

_As depicted in FIG. 5, a cell ‘of the present invention
comprises a pair of subcells 54, 58 which are, in essence,
_ inverse images of one another. That is, the negative collector
- 25 of subce11l54 is solid foil 51, while that of subcell 58 is grid.
55. On the other hand, the positive collector of subcell 54 is
grid 52, while that of subcell 58 is solid foil 56. This key
arrangement may be ﬁiewed more clearly in ﬁhe enlarged section
60 of the structure shown in FIG. 6. There, subcell 64 negative
30 . collector foil 61 of, for example, copper contacts subcell 68

negative grid 65, also of copper. The complementary subcell

- 17 -



further reduced to a S|ngle'elenent for ease and clarity of illustration.
for instance, elenments 74, 78 correspond tg subcells 54,

Thus, in
58 of FI e“’?”&é&“’ghom d be understood 25 to conprise all PETLR®/05776

collector, electrode, and electrolyte layers of a conplete cell, as
exenplified in FIG 1. The conpressed cell depiction of the folded

-structures in_these Latter Fi s _nmpre cl ose I e_the actual state
of the batt89§ éf“éﬁeln: ’65 Jrid C‘éﬁ%ﬁ?%ﬂtézhoﬁ P FERE §Xample s of ded
cell - 18 - yﬁh§5%§i§3§1kew1se be in contact _in alternating layers of
PCT/U895/05776 conprising subcell elements 74, 78 may be tre %ed I n the

manner descthpefiobfied cespbructborhe fol ded cell of FIG 4 prior to being
sealed in enclosure 72. In particular, the fol ded constructi-on may.be
extracted of plasticizer and activated with 5 el ectrol yte sol ution.

Al ternasively, theofpbardekel hewbyehr oohstAietion | hond RibSSIEXtLACtion or
an extracted cell may be sealed in the enclosure with a preteterm ned .
anount of a%Y?Vﬁ?%ﬂgS@I%E%Fo@??ep%b¥u@$o%%ﬁﬁn%9#¥ﬁ¢qotﬁa|¢ﬁ9tmxnegatlve

substanti al LyepohiLeby 1880 Lhg £8!LonddLt h'as%eaéﬁ@ref&? £2 adble

-
activating solufion may be’injected through t encl osure envel ope C)aye

. previously eempedlbetiswﬁohdédl iubaedu@bﬂefmeﬁd "Hedlliyngodll "t BeRsRObAT with
i nj ection. Aﬁ shown | n iié % in FIG 7, this enbodi nent 15 . conprises
t he doubl e- FRRdEFbPELRL c%? ekt u%erb?n‘{:o%laewer&%ﬁﬁ SV ItANg he

seal edyyi t iR &3P0 NEET Enof £ SOIBET St AbdthnAv ai A2l & Jpd Sdur elrprpaﬁﬁ esnclt%seur €

film72 typically conprising an outer 15 [err]m pol yester or yam 'de
film a 50 isneimost usmbbecell oof , thedfaldedmaindsiyg es:rz]erd pm yeesteard fhdyrarnD

bearing abot’l:[xe aotgtg i_err]g} é"l er ereq:ea,t eaf':e asdlhtetfal.tveed at t dedletitoeq:lor of
the structure for at 1east a portlon, preferably about half of
its circumference. In this manner, the grid elements are
15 subjected only to lnterlor foldlng stresses and are supported
by solid foils of like polarity, yet substantial solid foil
surfaces of'both poiarities aie presented at the surface of the

‘final battery cell.

20 In the following Figures depicting cempleted battery
- constructions of the invention, each of the subcells has been

further reduced to a s1ngle element for ease and clarlty of

illustration. Thus, in FIG. 7, for instance, elements 74, 78

correspond to sﬁbcells 54, 58 of FIG. 5 and should be understood -
25 to comprise all of the collector, electrode, and electrolyte
layers of a cdmplete cell, as exemplified in FIG. 1. The
compressed cell-depiction of the folded structures in these
latter Figures more.closely resemble the actual state of'the
battery elements. o “ -
30 _ .

In the embodimént'shdwn'in FIG. 7,tthe folded cell
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to form ng an hernetic cohesive seal, the adhesive provides good bonding to
smetal at tegpdagsgres in the range of about 100- 125C. | n arcrmisys/esize
sealing step, the enclosure sheets 72, with punched el ectrode access hol es
75, are adhered to the foil 25 el ectrode surfaces 71, 76 of cell elenents
74, 78, thus sealing the exposed areas of the electrodes fromthe interior
of the finalcRipieSHE stbcd1l elchenteoml ev8dnay seatiegcédeishdsd sianner
toget her at their edges 73. Conductor | eads _79 may thereafter be affixed to
thedr espect |d&§®é§2ﬁ£dﬂd?é1 IresRaat seeshsy fadded gieldo of IdiGted PF’-GF &Cher
conductive adherent h_as s fidl ed e
PCT/ US95/ 05 " v'zﬁ'a} olﬁ1 i lhesq{)rreot%gct | ve%pa é:énl%ﬁa&'oftht\éﬁ %?'q% ed ceI I
i's shown in dddstrhodiane neysb&glegtsheetedoéfep]:agsmmentmd actBidated ofith
m ght be a preforned bag, is enpl oyed Her.e, conducto be affi xed
madsieine Folgen Geb

tot Lespe?c:lt i \@@fe‘%ﬁlrm Sﬂﬂr’-fftdé%‘sl glt Aey &% 88
Wi sol der o' i t a e
of electrol yﬁae s‘% &wg&%rdgcggcsee an , 0:1? a%o%ﬁg?%%§WSgéllac%§SB%

i ndi \r/]i dual igealled |:£m th/u téncalmsad:reemd:h ras@raetdemerﬁnﬂne@@molwai ofeal i ng the
nmout h area 83 of the encl osure. serve al.so t para d t nsul at e
conduct ors &Ft W@tt%tﬂtﬁc%]ryiﬁ urtdr‘ﬂnt I‘I"g”ﬁ’g’t é‘ﬁa gierd' 6%t FIG 7

i s shown in & r’é ‘é«fér{ﬂm@t 3> Yhe Le1q., IORHANRIRerCRRRREsRAS
are respectively affixed wth sol'der or conductive 15 adhesive to

el ect r dde smﬁaacaes:ngﬂa,tlgm adlagsiidn enanhrbmgrmrﬁﬂt@si g@nqmg@wmeoQ@CM@mal

92. Such a batt her eby .adapt e eGt.,con t
utilizing d&FC e° rﬁ)cﬁf%@rﬂ s@.[y rﬁe&ciefg prOV| eé'}]%‘?lmﬁu%fs%t%ﬁ%r%na pads
whi ch are | qg@etmg)rhg F@é%rﬁjﬂd‘ﬁq@;j@‘cﬂﬂ& bat t ery package. An

As showh_in_particular in FIG. 7, this embodiment
15 comprises the double;lead folded cell structure of
complementary elements 74, 78 sealed within two sheets of
commercially-available moisture-proof enclosure film 72
typically comprising an outer 15:um polyester or polyamide
film, a 50 pum aluminum foil,'ahd an innef 15 um polyester film
20 bearing about a 90 um layer of heat-seal adhesive. In addition
' to forming an hermetic cohesive seal, the adhesive provides
good bonding to metal.at temperatures in the range of about 100-
125°C. In an initial sealing step, the enclosure sheets 72, with
punched electrode access holes 75, are adhered eo the foil
25 electrode surfaces 71, 76 of cell elements 74, 78, thus sealing
the exposed areas of the electrodes from the interior of the
- final enclosure which is then completed by sealing the sheets
together at their edges 73. Conductor leads 79 may thereafter be
affixed to the respective exposed cell electrodes by means of

30 solder 77 or other conductive adherent, such as silve;~filled

€pOoXY .



20 insulating film 105 enabl es the use of a sinple adhered conductor foil
109 to coqw YossiEsE ent between cell element 108 and term nal 106s whi | e

t erm nal I's adhered directly to cell elenent 104. 25 PCT/USISIPRE6

vol t age out put of a battery of the present construction may readily be

i ncreased by seri es rrulti pl exing of a plurality of the basic fol ded-cell

structure of FIG hntﬁ : n ode el e

114 of a first fo de FB%? éfgr&ée?%bg é??%%%fngong cre wf? %ﬁe 30
posi tive el eeliods ehewnninlEBGofSaw}senelars::ngleléﬂe@tlc@f &éRcE6ghi&g the
series coupl e at tye el |, surfaces and closure areas - 20 - ~~ WD 95/ 31836

PCT/ US95/ 0517789—{&% en%%lbé“mterh%as PEEIoFME] PRI dési eealmdeere,
activating Sbﬁaﬁé%i‘&essmﬁyb@ét§fﬁ’1>¥8ét%%éépé{‘é’f‘v&'%‘?%@%rcﬁ% L cgs

two-cel | structure shown. In addition to the earlrer- I XTh
conduct Brs Qigcwphemeﬂxuerymfrﬂeeammﬁslm 588 with sbadeepstt edeisét ey
package incgﬁdes comer ci a - avalkﬁp e curr t- and thernal-protectlve

PTC switch 118 c§ hl%slrfsheer ﬁu’F‘aﬁ?‘dF%do%yel:&‘il

Corp. of MesbouPask, &sé\s% @@é@@&t &L&ermtéaﬁﬁ&éﬂe welaoéka Sepafate
protection swtch deV| ce e present flexible, 10 mul tilayer

const ruct i obngdyidual ubles wha bt + | whidh 4Iay%¢hw¢¢n insulsttiorstfidot B%, for
i nstance b n C er i ch conmpri ses the
eﬁ&g@ Sgglflll ﬂé) qﬁ“o@ﬁg xge%% t% %CVTosure s ‘f?%/e?c

thermal | y-sensrtive ComrpoSiti on of

batterles ofepafste ldnanthsulEte dcﬁsdwtckws g%l i ng over ranges of 4-9 V and
2-4.5 V, respectively, at a rate of 40 mA which was nmi ntai ned const ant

within 1% Nulticycle traces of the resulting data are shownh in FIG 12

where 122, 123 angd 24, difer aFS 1416 SESREG | e Cga%'&-}westarrhdctu;e of FIG.

7 is shown in FIG. 9 where firm contacts 96, 97 of, for example,
copper ﬁadé are respectively affixed with solder or conductive

15 adhesive to eleetrodefsurfaces 99, 91 accéssible through.hbles'
95 in envelope-material 92. Such a battery is théreby adapted
for direct contact insertion into a utilizing device. The
embodiment of FIG. 10 provides similar'terminal'péds which are
located on the éame-surface of the battery package. An

20 insulating film 105 enables the use ‘of a simple adhered
conductor foil 109 to convey current bétween cell element 108
and terminal 106, while terminal 107 is adhered directly to cell

element 104.

25 The voltage outpﬁt of a battery.of the preSent-.
construction may readily be increased by series multiplexing of
a plurality of the basic folded-cell structure of FIG. 5. Ae
showﬁ in FIG. 11, the negative electrode element 114 of a first
folded cell 110 is placed in electrical contact with the

30 positive electrode element 118 of a similar cell 111 prior to

sealing the series couple at the cell surfaces and closure areas
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20 . charge traces. The traces of cell capacity over extended charging
‘cycles arevwhossisdey FI G 13 where 132 traces the substanti aldcrnusssesaat
capacity of the higher voltage battery of FIG 11, while simlar performnce
of the single cell battery of FIG7 is shown at trace 135. 25 Wile the
above description has related in |arge measure the preparation of a nunber
of battery adsgewnitl eavelopbemareriantslarewlickevheedesibedi agbufdedowi thin
the scope of the invention as_set out in the appended clains. 30 - 21 -

APP781PC VWhACti¥agiRgnedersrolyten TBenhRr5ESEY e VBAERSRY1E ORBYEE UdPHBREd
conpri sing %1Q50Eﬁ%'E%oOEe&heéhPPEtGESCEEB t'§n05&&1993#tﬁgetﬁ£e§££ﬁ9§¥—

el ements, 5 negative electrode el enents, and separator ements, eac
sai d elenenhstbdlagfmklpqlpﬁeconduonpn5|&lsnwiahraogédrloonnatthunﬂslls

concentri cal r1 appi.n Ia-ers charac.t ri zedint hat a)
sai d elénen9§¥ar§ 355 g FBFﬁFtiFE §9etﬁBC§%¢?§ df cammerGhatiyeach
cel | conprlaeﬁlanQ§lEh¥eeﬁhecaﬁedeh@£ﬁaﬁnbroeeeegaéIyﬁ%eéﬁcﬁéﬂdfl§'e@@%ﬁ
and a separator el enment di sposed t her ebet ween e respective

| i ke-pol ari &y &hecPrddteSwotcbadhviekl manedeSpns@dbzoRayghmsctgrw tédfn said
constructi og. . batte constructi-on_according to_claim
'characterizggnﬁg ?ﬁgﬁ’egéh %¥ %aFam@Fsét?SESEn%éh%?lE%st%i %ﬁ%c?#d?ytlcally
active conpesphiraBecpeseattadd swietRchevEak| YtRONgHEséNe £DLLE6LO!

10 multilayer construction may include an additional layér within

a cell structure, for instance between an electrode and
collector layer, which comprises the thermaliybsensiiive

composition of .a PTC switch.

15 Activated batteriés of'FIGs; 11 and 7 were tested by
cycling over ranges of 4-9 V and 2-4.5 V, respectively, at.a'
rate of 40 mA which was maintained constént within 1%.
Multicycle traces of the resulting.data are shown in FIG. 12
where 122,'123 and 124, 125 are the respective discharge and

20 charge traces. The traces of cell capacity over extendedi-
charging cycles are shown in FIG. 13 where 132 traces the
substantially constant capacity of the higher voltage battery
of FIG 11, while similar performance of the single cell battery

of FIG.7 is shown at trace 135.

25
While the above description has related in large measure
the preparation of a number of battery assemblies, other
variants are likewise to be included within the scope of the
invention as set out in the appended claims.
30
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. conprising a_plurality of electrol

20 elenment. 3. A battery construction according to claim2 characterized in

that 25 ectlve collector elenents of said |like-po

~ el ectrodes aremglsposed contiguously within said construct|¥éhb§ﬁng§

construction according to claim3 30 characteriz e d

I n t hat one of the respective collector elenents of each said like

polarity electrodes ernegble to a fluid electrolyte. - 22 - APP781PC

- 5. A batter?’ Gnder ﬁLLLFIlE‘ﬁ accor di ng to claim4 char acterl z m ummmmmm -
permeabl e col |l ector el enments conprise the cell |ayers di spﬁ m

the interior of said concentrically 5 over | appi ng arrangefrent .

battery construction according to claim5 c har acteri z-e d | nt h

at 10 = a respectiyy g\an% B! Bsteeggsggﬁseeha&w €ehbest ohgchepRaLe ofy

the cells is dlspose fheouter s ace of said concentrically

over | apgi ng ofr IFdRgdbiet eldbtrolytid ce&hapgeabheebaﬂeetyOGQnsnegetlua

conprises a

| |
positive el &HCGFORenBBA, SEPAZGEL] v@isﬁgﬁFgoaﬁvﬁgﬁﬁg lnaﬁanﬁlggﬁﬁ?ator
member d'SpQ%%thQ?ﬁ%Qﬁﬁ@e%@eriabglﬁﬁnﬁﬁyérgaV'ng flexible,

sel f-supporting, polymeric matriXx m conposi tion and being 20 bonded to
~contiguous nenbers. of sahdacal B &ttrespeéthé Ant eif BcesttB foEm a unitary
flexible |am nate cel,l

sai d el ectrode nﬁ@ﬁé Sgﬁﬁﬁpggsaﬁﬁ arranged téaf%fmrgt f%é%t t%% %%EEsOBf

1{ = which each cell comprises a positive electrode, a negative
electrode, and a separator disposed therebetween; and
b) the respective like-polarity electrodes of each cell are

disposed contiguously within said construction.

1!
2. A battery constructlon accordlng to claim 1
characterized in that
each of said electrodes comprises an electrolytically active
composition element and an electrically conductive collector

2t - element.

3. A battery construction according to claim 2 _
characterized in that
2 the respective collector elements of said like-polarity:

electrbdes are disposed contiguously within said construction.

4. A battery construction adcording to claim 3

3 characterized in that
one of the respective collector elements of each said like-
poiarity electrodes is permeable to a fluid electrolyte.

THIS SHEET HAS BEEN
REPLACED = |
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el ectrolytically active conposition elenment and an electrically 25

‘conduct i vewsm9s/:836or el enent; b) at jd col | e@omusesesmat s of
- each cell is perneable to a fluid e”mmllmﬂ”ml)lﬂnk respect.ive
| i ke-polarity collector elenents of at ¢edst Mwd of said cells are disposed
contiguously within said 30 construction; d) the nenbers of said two
cells are farmed bataeaystonstuuctiofl3accov@ifg/ 8688baim 4

PCT/ US95/ 05776 having a ﬁgntinuous'concentrically overIaEan% | ayer
arrangenent; e) sai.d pSrRedbFedcEl Feftbrlefefeflt s tofpri SePtfietcel | layers

di sposed cl ggegl pkemklB1eNEei18ELBE 82bMeA¥S! LaRBLNSeStRET BBYEMER ers
structure; and ff a respective one of opposite-polarity collector™ el enments

of sai d cél Hispssdidspdsedsat toheheuintesiipfacé sdigdacdnsentricaklyl10 8. A
battery_construction according to.claim7 c har acter-i zed I n.
t ha t5sai8V85EFPBﬁBFnSr£FPQEBEHEnt structure is hernetically seal ed

wi-t hin a noisture-proof barrier material enclosure. 15 9. A battery
construction according toclaim8c haracteri zed I n t hat
said construction conprises means individually comunicating electrically

bet ween sai ¢ opposite-pol ar | G %# t QL ¢ ts 2 he exterior of
sai d encrosgfe.Rléékieggtfgp%xggﬁ Sﬁcg%gﬁkggggrg?nglgggc.ain19 :
characterized in that
10 a respective one of the opposite-polarity collector elements of
the cells is disposed at the outer surface of said

concentrically overlapping arrangement.

15 7. A rechargeable battery construction'éomﬁrising a plurality
of electrolytic cells of which each'cell comprises a positive .
electrode, a negatiVé électrode,'and a separator member
disposed therebetween, said members having flexible, self-
supporting,'polymeric matrix film composition and being bonded

20 to contiguous members of said cell at respective interfaces to
form a unitary flexible laminate cell,

characterized in that
a) each oflsaid elect:pde members comprises an
electrolytically active composition element and an electrically

25 conductive collector element:

b) at least one of said collector elements of each cell is
permeable to a-fluid electrolyte;

c) the respective like-polarity collector elements of at
~least two of said cells are disposed contiguously within said

30 construction;

d) the members of said two cells are formed into a structure

- 23 -
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characterized in that 25 ajy sard-construct+onr conpri ses at | east
two of sapd f4pdssaPpi ng arrangenent res seal ed W thj :

encl osure; b) respective opposite- po m "m u eI ene ?E’ag#%ssgu .
structures are in electrical comuni c) the respective
conpl ementary opposite-polarity collector elenents outernDst-in sai d

constructi g ane bNc8hethlbae c6AREHRLIRRIY WLLR1LRB;RY! ShiaL of said
. encl osure. - -
_ arrangement; ' '
e) said permeable collector elements comprise the cell
layers disposed closest to the interior of said overlapping
5 arrangement structure; and '
f) a respective one of'opposite—polarity cqlleetor elements

of said cells lS disposed at the outer surface of said

Structure.

10 :
8. A battery construction according to claim 7

characterized in .that
said overlapping arrangement structure is hermetically sealed

within a moisture-proof barrier material enclosure.
15

9; A,battery.construction according te claim 8
characterize d in tha t

said constructlon comprises means 1nd1v1dually communlcatlng

electrically between said opposite-polarity collector elements

20
and the exterior of said enclosure.

10. A battery construction acéording-teICIaim 9
characterized in that
25 . a) said construction comprlses ‘at least two of sald
| overlapplng arrangement structures sealed w1th1n sald
enclosure; ' ' ) '
b) respective oppbsite—polarity.eolleCtor elements of said’
structures are in'electrical communication; and
30 c) the respective complementary opposite-polarity:eollector
elements eutermost_in said construction are in'electrical

communication with the exterior of said enclosure.
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