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LOW RESI STANCE RECHARGEABLE LI THI UM | ON BATTERY 5
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BACKGROUND OF THE | NVENTI ON The present invention relates to
electrolyti® cells 25 conpri si ng (RELARBD APPLICATDORSSI tion el ectrodes
and separat or menbranes and to a rmanner of using such cells to provide
hi ghl y efficient and econom cal batteries. In particular, the

I nvention relates to unitary rechargeable lithiumbattery cells
conprising an internedi ate separator elenment containing an 30 electrolyte
sol ution through whi cEris mnlicasisns i9m £edinvation-iptpaxt mfe Uvst.ePatent

Move betveen cehppfhestiQd e i 0e)d60)B1s, £1 08 HPNURGRRLIT08YC! £8w0h 4 Pe

10 Patent 5,460,904 issued 24 October 1995, which was a
continuation-in-part of U.S. Patent Application S.N.
08/110,262, filed 23 August 1993, now U.S. Patent 5,418,091,
issued 23 May 1995, which in turn was itself a continuation-in-
part of ﬁ.s..Patent Application S.N. 08/026,904, filed 5 March

15 1993, now U.S. Patent 5,296,318, issued 22 March 1994. The prior
applications, which are assigned to the assignee of this
application, are incorporated herein by reference in their

entirety..

20

The present invention relates to electrolytic cells

25 comprising polymeric film composition electrodes and separator
menbranes and to a manner of using such cells to provide highly
efficient and economical batteries. In particular, the
invention relates to unitary rechargeable lithium battery cells
comprising an intermediate separator element containing an

30 electrolyte solution through which lithium ions from a source
electrode material move between cell electrodes during Ehe

charge/discharge cycles of the cell.
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The invention is particularly useful for nmaking such cells in which the
ion source electrode is a material, such as a transition nmetal oxide,
capable of intercalating |ithiumions, and where an el ectrode separat or
menbrane conpri swogeesdeymeric 5 matrix made jonical ly conduct PGRUS/IIRR

I ncorporation of an organic solution of a dissociable |ithiumsalt

whi ch provi des | Ofbhe FRPEhtidn i!@&ﬁaz%&%’l&ﬁ%' hA’efﬁi‘efd}r ‘r’ré?:@.hg' QM@H" i on
relates to a construction and arrangement of such battery el ement s
whi ch si gni fi caselysr dnuekich the Acarsanrgesilecsrneodecis fomathembe Budngs a
bat tery while '@%’aﬁ\églﬁgoﬁuﬂéﬁéftbﬁéé’ Rpaatche intOfcRUANS RGN 1ons,
avai l able in suc rec ar gea lithrumion
battery cells, smdhwhere and%l:mtm sapanetmmmamegommwtﬂ polyhevic

depar at of /ol bot PR BepH PRAGHHEY Aihdionid®, haTHRE LR orae g 8 eR
by coati ng, ext loigaPic %blﬁthéﬁ%ﬁ% d:.rs(yacz.ablecmﬁl’éﬁﬁhxﬁlﬁl&: WHiRh PhB¥ides
polynmeric materials, ?r@% pl astici zed pol yvi nylidene fluoride
(PVAF) copol ymeriondey llé%HFrpM@re ispacidiceddyr utheopredent [inviengarnon
overlad - wi e p EhPEry A At of milh Bafflry celn
pr epar ed aa]&nmﬂ:tseﬂhh.eyengmﬁioampyr seduced thet éntatrnal aresdlstancedef
conposition

oht oh s b oa %tis EeEETEe BREFERe vhi gg‘g\%’%%;’gng‘t‘ﬁéé?’é?%ﬁlgg’;ﬁ’iﬂé"el

menbr ane forned o powiy edpaeityngvailsbleodmosuchoa battewanpri sing a

solution of the copolynmer and a cenpatible pl astici zer was then

overl aid upon the positive electrode film A negative el ectrode
nmenbrane formed as a ¢iiRd ¢RahhPFedhld 13EhiR@VIBheHat8EPP bliIENeshcBNakn @
copol ymer matrix_sol ution was simlarly overlaid upon the separator

menbrane | ayer, dgffribed in the incorporated disclosures, have generally been

15 constructed by means of the lamination of electrode and
separator/electrolyte cell elements which are individually
prepared, by coating, extrusion, or otherwise, from
compositions comprising polymeric materialé. e.g., a
plasticized polyvinylidene fluoride (PVAF) copolymer. For

20 example, in the construction of a lithium-ion battery, a
current collector layer of aluminum foil or grid was overlaid
with a positive electrode film or membrane separately prepared
as a coated layer of a dispersion of intercalation electrode
composition, e.g., a LiMn,0; powder in a copolymer matrix

25 solution, which was dried to form the membrane. A separator/
electrolyte membrane formed as a dried coating of a composition
comprising a solution of the copolymer and a compatible
plasticizer was then overlaid upon the positive electrode film.
A negative electrode membrane formed as a dried coating of a

30 powdered carbon dispersion in a copolymer matrix solution was

similarly overlaid upon the separator membréne layer, and a
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copper collector foil or grid was |aid upon the negative el ectrode
| ayer 'to conplete a cell assenbly. This assenbly was t hen heat ed _
under pressure to effect heat-fused bondi ng between the plasticized

copol yner natrixmﬁpﬂ@B nto and to the 5 collector grids to t

achieve lam nation o #ﬁe cel | el enents into a unitary flegﬁgﬁg%nrnz
battery cell str ure . The resulting, | am nated battery
structure, whi cRUbbe oMb Fodi gRi FF&_gn‘t’a?re%%{ﬁ amsn iheogegesiiey
distfibuted 10 elecgrode Idyrs ito éehplgaétgcggfilg'ééhﬂ#%@ %ﬁﬁérﬁggémﬁly was
menbr ane stratum was devoi d of hygroscopic eﬁectr l'yte salt and,” as a
resul t, coul d bERSROPERESH URdSKE cPTessweR thaef fesit heat tfaised honding batween
bei ng shaped or tHEr b1&st & 06 S80 -1 Wnb BOML £ £042C f.or electrol yte
deteri O0rati on due t% reaction %?gﬁ g%nnggﬁer?% %ééb°ﬁ%§§§tﬁﬁg.k§héﬁeit was
desired to &cticaliectdratamids ite therébyahchieve slamimationnodf aheueellt he

| ami nate cell s [ rLsed i.n. or. otherwi se_contacted with an

el ectrol yte sal%i§%%%%$2$$¥% aﬁg&ﬁ??ﬁyiﬁ%?ﬁﬁﬁl?rRQF§?ﬁ¥ E&galﬁﬁﬁPcﬁﬁf?rx to

provi de substantially the same ionic conductivity enhancenent as 20
rator/electrolyte film cont ai ni ng

achi eved by a preforngd hybrid, sep C

such an electrol yte gﬁl’? Qs/%'ﬁ“l:]'tti"B"Ff. iaz.mnated.batthﬁ( SFEFEEESs abifRat e the
absorption of etegbtDseda signif¥9kthtONediitd oA HdntfehBusil ESsSEMEELd Y
preferred that a 25 substantial portion of the plasticizer be previously

removed 10 fr BRIRREC RiRALiniecerat PrRtignlarknyin chei sppbratoronptbsame at
O s | houbBeblE, AL MY SRLLEOR L WRLRLERL L LLT: wpa, C5h s

| am nate in a copolyner-inert, ng Sai ven

ether or hexanereshlth cmilRrbevetyredtatacimiche 3onditias, dizbervbehoré or .
significantly affecting, the copal yner matri x of the cell el enent
strata. The extﬁggﬁrﬁaggQg\Ryapeﬁayr further processed, without concern for

-3-- electrolyte deterioration due to reaction with atmospheric
15 moisture. When it was desired to activate a battery in the final
stage of manufacture, the laminate cell sﬁructure was immersed
in or otherwise contacted with an electrolyte salt solution
which imbibed into the copolymer matrix to provide
substantially the same ionic conductivity enhancement as
20 achieved by a preformed hybrid separator/electrolyte film

containing such an electrolyte salt solution.

In order ‘to facilitate the absorption of electrolyte
solution during activation, it is generally.preferred that a
25 substantial portion of the plasticizer be previously removed
from the copolymer matrix. This may reédily be accomplished at
any time following the laminating operation by immersion of the
cell laminate in a copolymer-inert, low-boiling solvent, such
as diethyl ether or hexane, which selectively extracts the
30 plasticizer without significantly affecting the copolymer

matrix of the cell element strata. The extracting solvent may
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sinply be evaporated to yield a dry, inactive battery cell which w ||
readily absorb an effective anount of electrolyte sol ution that
essentially replaces the extracted pl astici zer. 5 As with any

el ectrolytic cell, a lithiumion cell general ly prepared i 96/11732

f or egoi ng nmanner WO&T085Ps o characteristic internal elect r.irkca

resistance which is ~ ordinarily a function of the various conposition
materials and thehsimedynes evaporatedetn¥iels & frykniRIctise Batifery cell

enployed in 10 yyihé Gl UGBy Caidhnid G ¥rfcBiver imdithe ieledlelt@oli/le

di scovering that the internal resistance and performance of such cells
havi ng el enent s ssfiluttiton Aheitakssentinlly nepipcsest tha extrached pAStiGiZgTbe
significantly varied by neans of the physical . structure of the cell
and disposition of the conponent 15 materials within the cell. Arrangenent
of the cell monponent &As with angcebectaralertiiict kcellle prbiemtum-nvcentdedd has

enabl ed a not abl e reduction_ip the internal resistance qf, the battery
Colls  wit NCIRSTRIGAEPAESEptRi e SRRSHALry BRIPEY BRHRLES @ 20
SUMVARY OF THE |dh&aPHded¥istic internal eY¥Wi¥ay pekystince Wil Yiscel s
have typically been 25 structured to have a separator/el ectrol yte el enent

| ayer or redEAinAr i s & fonchior ok e SRFEOUSy EOPRRFITIRR MRraTdgds aad
el ectrode layer Stﬂ%tgircftﬂ?és,sﬁl?'e(??SEﬁ@era PP RALYECOf eact YHHIEYEE in
electrical current collector elenment foils, nuch n t he manner

depi ct ed i n1fl G tle ¢elleaWs merdepartiicullarky Fyrpxiisedr othexefand,vdmabl e

e o) o RS RPLS s ph fomnan SRR LSRR of
-4- such cells having elements of substantially similar composition
and mass could be significantly varied by means of the physical
"structure of the cell and diqusition of the component
15 materials within the cell. Arrangement of the cell components
in accordance with the present invention has enabled a notable
- reduction in the internal resistance of the battery cells

without compromising specific capacity and stability.

20

Previous pdlymeric battery cells have typically been
25 structured to have a separator/electrolyte element layer or
membrane interposed between respective positive and negative
electrode layers with that sub-assembly disposed between
conductive electrical current collector element foils, much in
the manner depicted in FIG. 1. As earlier described, in
30 electrolyte-activatable cells at least one, preferably both, of

the collector elements is reticulated, for example in the form
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expanded netal foil grid, to provide for ready access of " extracting

and electrolyte fluids to the polyneric matrices of the cell. 5 .
A cell structure according to the present invention, on t he ot her hand,

conprises in itseal st forma simlar arrangenent in whi giraisedAast
one of the positive or negative el ectrode | ayers enconpasses its

in.FlIG 2. The signi fi cant decrease

respective coIIe tor '
in internal 10 gﬁ?ﬁﬁdﬁa ’P‘Fl%a]cgquwie\ﬁr&gnt tonPEAVIde (fom faasih acgess of

bel i eved t&tl&ec@aﬁgl anaaég@cﬁ%rlweo £1R2 dsheb! ene b MaIAIR: %a%tﬁ%e of
t hrotigh t he eIectrode | ayer to the collector, thus providing

more expeditiou$he &Rld: el ectrons. O partlcular note is the fact
that the specific capacity of the cell does not 15 decrease, despite the
di spl acenent of about half the divided el ectrode conposition materi al
outward of tshe curren® cellllestoucture amlomreling to the presentidntidrtilety, on

observed from | ater Qﬁéfr'gtloné ot her 2Q enbodlneEts of the invention, as
depicted in the r&’rea\ﬂ b Bfly comprises,j A4S imphesty R EMilarpacity
as conpared wi t rRngement :.ﬁfwHi@}Y'éﬂliéaﬁtsbh‘écbfoﬁhéab’éé&ﬁ%“diahﬂﬁatzve
anounts of active el ectrode materi al s. Rl EF

DESCRI PTI ON OF Bieatrefdentayers encompassesmécSpFeeesrstimmlmmn |grt;ei as
described with rg{Grencesg.39. e AHATUMNBraYE0% 0 WU Gk
10 resistance of the cell evident in this arrangement is believed
to be due in large part to the shortened average distance
through the electrode layer to the collector, thus providing
for a more expeditious flow of electrons. Of particular note is
the fact that the specific capacity of the cell does not
15 decrease, despite the displacement of about half the divided

electrode composition material outward of the current collector

element.

As will be observed from later description, other
20 embodiments of the invention, as' depicted in the drawing, vield
a substantial increase in cell capacity as compared with celle
of previous construction haﬁing equivalent amounts of active

electrode materials.

25

The present invention will be described with reference to

30 the accompanying drawing of which:
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FIG 1 is a diagranmatic representation of a typical | am nat ed
lithiumion battery cell structure utilized prior to t he present
I nventi on; 5 FIG 2 is a diagrammatic representation of a typica

| am nated |ithi ugpopssesttery cell structure of the present POT/ES86(1173N
FIG 3 is a diagranmatic representation of a |ongitudinal 10

cross-sectional el evaijen 1vii§Waoai%1rﬁhﬂ4f&qrdﬁ@ée%ese&on of & SRl the
Fl ' [

present invention;. L - 4 is a diagrammatic representation of
a multicell = laminated dithdum-donfbatkeny aaddt strucsurenutibized prior to

FIG®5 is a di ' atation of a | am nating process for:
O P EREELE)

prepari ng a bat structure of the present i nventi on; 20
FIG 6 is a diagrammatic representation of a variant | am nat ed
lithiumion _battery cell structure of the present I, nventi on;

FIG 7 s aSchart of q#ﬁg' CorhFafa it 9ETAMRAR I | TeRESSERLALien o0 %f‘?ﬁ%ﬁaﬂat ed
lithiumion batighifisedd HtHumlioR: b&EA cell st_ructure::bg tie igrdsdfaPh

of the conparative specific capacities of lamnated |1thiumlon
batteries of Flimventiomns 4 as a function of charge/discharge cycle
rate; and 30 - 6-
FIG. 3 is a diagrammatic representation of a longitudinal
10 cross-sectional elevation view of an electrode/collector

element of the present inveﬁtion;

FIG. 4 is a diagrammatic representation of a multicell

battery structure of the present invention;

15
FIG. 5 is a diagrammatic representation of a laminating
process for preparing a battery cell structure of the present
invention;
20 FIG. 6 is a diagrammatic representation of a wvariant

laminated lithium-ion battery cell structure of the present

invention;

FIG. 7 is a chart of the comparative internal resistances
25 of laminated lithium-ion batteries of FIGs. 1, 2, and 4;

FIG. 8 is a graph of the comparative specific capacities
of laminated lithium-ion batteries of FIGs. 1 and 4 as a
function of charge/discharge cycle rate; and
30
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FIG 9 is a graph of the conparative total capacities of | am nat ed
lithiumion batteries of FIGs. 1, 2, and 4 as a function of -

char ge/ di scharge cycle rate. 5 ' ) DESCRI PTI ON OF THE
| NVENTI ON 09 Useful lithiumion cell batteries havel,@g@gbﬁm?
10 econon1calfv 3 2bl e through the technologlcal advances

desctibed in the above-referenced incor orate at ent, eci ficatjons.
The basic structure gs%ughlﬁ Ee?‘?alg'é g @FéﬂelFPF?- capagifties of

essential |y CONpmMisRtaPAithiBmaion battdiSdl iof FaeCl 1 00de, | Aygry edLrent s
13, %17 between which is 15 i nterposed a separator/el ectrolyte element 15

conprising a funqidiopefi change/disgharae aalea askyvi nyl i dene fluoride
copolymer, in which a lithiumsalt electrolyte solution wll

ultimately be dispersed. These el ectrodes respectively conprise a
lithiated isitercal ati on conpound, e.g., LiM204, and a 20 conpl enentary
mat eri al capable of reversibly intercalatin lithiumions, e.g.,
carbon'in the formof petrol eum@—&g%h-m di spersed in a
simlar polynmeric matrix. El ectrical | y-conductive current collectors
11, 19, preferably of al um num and copper, contact respective

el ectrode el enments 25 13, 17 and are bonded, such as by thermal

| am nation, with the g I R, [ battery
cell. In order Usq‘ff'ac ?’??g?{éﬂsﬁ Igeé%ght prc‘)a'c%é"tsegl %é{rg}g?%g '&%H e.g.,
to i NE®r poe@a:m:mmmyt avaidlshlée Ehmlgmltmaa temhnbtagicahecadfardes

collector elenepts i o fl ui in the form 30 of a
perforate expan %c%e%e %g‘eﬁ{” 'ﬁ?g‘?ﬁ es‘{]ﬁﬁcé’rﬁgf?‘é?é patent o/ i pa
clzgnt acts, the Csﬁiéﬁlﬁzd‘acﬂﬂd?ﬁt.o'rhe|ﬁa§ﬂé5stﬂﬂkﬁiﬁ'e of sfixhegdediasiéabs 12,

depicted in FIG. 1 and essenéiélly comprises positive and
negative electrode layer elements 13, 17 between which is

15 interposed a separator/electrolyte element 15 comprising a
polymeric matrix, preferably a polyvinylidene fluoride
copolymer, in which a lithium salt electrolyte solution will
ultimately be dispersed. These electrodes respectively comprise
a lithiated intercalation compound, e.g., Li,Mn;0,;, and a

20 complementary material capable of reversibly intercalating
lithium ions, e.g., carbon in the form of petroleum coke or
graphite, each dispersed in a similar polymeric matrix.
Electrically-codnductive current collectors 11, 19, preferably
of aluminum and copper, contact respective electrode elements

25 13, 17 and are bonded, such as by thermal lamination, with the
remaining cell elements to form a unitary battery cell. In order
to facilitate subsequent processing of the cell, e.g., to
incorporate the lithium salt electrolyte, at least one of the
collector elements is permeable to f£luids, such as in the form

30 of a perfofate expanded:metél grid 12. To provide simple battery
terminal contacts, the current collector elements may be
extended as tabs 12, 18.
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By conpari son, the substance of the present invention nmay readily be
seen in FIG 2 where the positive el ectrode conposition |ayer is
divided into two elenments 23, 23 which are di sposed at the respective
surfaces of curr w0 ueEstctor grid 5 21.- The resulting conposi PETAUSI6N1732
el ectrode/collector elenent is then | am nated with separator el enent

25, nHegative el ect rodByI aynpa.r:.son?J thengubegaiidd £ Hneeptfed©i inveR thenf ﬁéﬂ‘
unitary battery ce in substantially the same, nanner. as that used

for preparing géH"l BF 88?&1 1. Fifre 25 WPEEEULBe PO Hel o) RIGSTtrede

el ectrode/ 10 cokpeelelofRYapér SELRivided CalEs &i&i@lbmlaﬁtE'ﬁ ?23V"t}h‘ig¥x are
general |y depicts the result of the preferred thernal [ am nat’i on

el ectrode conpo$ifPefeflagtr the crespeahiyecsurfaces of Xgumienit icofldepberdgrid

\(I:\AO![ lh?(r:]t'? Le I%% %ét ef%%ect%gidﬁ 4Q§yerpb§f'§€$na %to‘iﬂ&fc}ﬁg’i& ?§t%llc%‘ef’??ata1tsgghen

preferential selleminabedfwith sepgmesidre elemenanes, 2Regdtlid flecbfode layer
t hi cknesses the col | egtor é%/ql?l@ €03| tioned at any depth within the
el ectrode 3?(19 i Broative GEoR| L1 137 tonFeRm| W tambRetLeryt tell

use of e|eCQm0Qﬁ EEBEE§H€§aﬂﬁyQﬁmgbgﬁﬁrhHﬂnEPnQQSEﬁdﬂ”ﬁséa QOﬁ éQ%parlng

varying proportions of active intercalation conponent
conposite el ect ©3¥dier gradell pdthe stapsture, ofothe comptzst:ahecelectrode/

G Part Culgs noksauBel sel LAY GLRRLE bR LISAD SRLieE el S

the manner 1 n which the po corrp05|
penetrates the genevadily gel')i:lcts the desuitaofi nl;éepn@&‘nafz@ﬂ thkemialode | ayer

w t hi n which colllgﬁ.&%ll ks gri %%Zréi essentl.g ﬂ%ufrrbedded In addition to
thus  establi § 8Ri 8*¢ F)‘?“‘Pﬁ?b YD Ut BX$FS e 105 MeplEanes. 23,
conposi tion, thi2s waﬁhnﬂﬁt@fpﬁ&lmlleatbff%ﬁ&|ﬁ0t B98hSugh gridlBha$k shown
bet ween t he el ect rgde and col | ector el enents and,
Q. e centrally located within the laminate electrode layer, it
15 should be understood that by preferentlal selection of
composite membranes 23 of differing thicknesses the collector
may be positioned at any depth within the electrode
composition, as desired. Also, the invention allows for the use
" of electrode membranes 23 of differing composition, e.g.,
20 varying proportions of active intercalation component, to

achieve a composite electrode of graded power capacity, for

instance.

Of particular note in this laminated incorporation of the
25 collector is the manner in which the polymeric electrode
composition of membranes 23 penetrates the perforate grid to
form a single coherent electrode layer within which collector
grid 21 is essentially embedded. In addition to thus
est;blishing ionic conductivity throughout the electrode
30 composition, this lamination ensures intimate electronic

contact between the electrode and collector elements and,
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~ further, advantageously provides firmpolynmer matrix bondi ng and
physi cal reinforcenent for the relatively fragile reticulate collector
el ement. Such added integrity is. particul arly useful when fashioning
conpact nmultil aygyodmweseatteries of high capacity by repeated or PCOUHSS1113E C
fol di ng of an eIongate flexible cell. A further useful
enbodi nent of t 0 i .
significant i nc?‘gﬁse in spec\é?b%g%ly @%Qgic?ﬁ/ ﬁgqﬁg’ |i g’% fngeﬁ%gb%’dlﬁﬂ S

arrangement essandiphysical ra;nﬁorpemahésfarcﬂhﬂ|nama£ipeny firagklés
structured as shown '

th a n foil .or grid current -
col 1 ector eleneﬁ?tﬁgpigte QBQPFFﬁﬁrbsﬁ%mﬁﬁFt é&ﬁ e ﬁn§§gﬁﬁﬁ¥|ﬁﬁ this
battery, | pat ea¢eThrahe tisle®dd/ GRbheEAOh Sorfilng 4mpPRY:tPAN Bl 4
| ami nat'ed 15 wth separ at or nenbranes 45, el ectrodes 47, and co Iector 49,

or, preferaBly, batteriemofihigh- aapanity Ry reprated #r spnaentric folding of
electrodes 47 égéa h be laminated with separ at or
nmenbr anes 45 aggxa péﬁg %g&g%%eﬁgﬁy el ectrode/ col l ectors 41, 43.
In this preferred procedure, use of a grid 20 for negative el enent 49
results in an enbedde oll.ector el ectrode he .t ype sho FI G
3, and provides the fgréﬁ ther uﬁ&??&rﬁmgfg |4€(ﬁ%ﬁ 18&%&Fﬁfnmnbh¥%

i nvention. As sbﬁwlaes a batkkEy 40 HAreinhRl s6gheei CARE irRalaE hﬁCéﬁéciﬁc

preferably that positive polarit since collector 41 enployed with

the 25 céerosFFPéﬁl%Y Jgﬁ)gqn%eé{ aBt FSée 43 Thisarrangprent| egeentially
densi | 4 fs .
ensity al um “U?he%éfa&%g%t 'dﬁg:fﬂ%%ggtcgﬁgr Ot | 'éeaﬂ %&%&@Qﬁﬁ as %%c}?‘g:?ﬁ%

Thus, al t hough sposition particual ar
is not critical FEG. opervaiumla ebmiba. foil d:atgh:&ﬂycuﬁrahtgr&dllcwﬁomttgﬁént 49

advant age and commensur.a capacity i r ov t are.re |zed |n t he
depi ct o a”anggmn Bl 3011 GARRCILY Pl Oy N A i Bkt

WO 97/ 06569 laminated electrode/collectors 41, 43PGE&US%5hﬁ1€32n laminated
15 with separator membranes 45, electrodes 47, and collector 49,

or, preferably, a laminated sub-assembly of collector 49 and
electrodes 47 may be prepared to then be laminated with
separator membranes 45 and a pair of sub-assembly electrode/
collectors 41, 43. In this preferred procedure, use of a grid

20 for negative element 49 results in an embedded-collector
electrode of the type shown in FIG. 3, and provides the final
battery with additional benefit from the invention. As shown in
FIG. 4, the duplicated electrode/collector is preferably that
of positive polarity, since collector 41 employed with the

25 composition of positive electrode 43 is normally of lower
density aluminum, while negative collector 49 is of more dense
copper. Thus, although the disposition of electrodes of a
particular polarity is not critical to operation of the
battery, a significant weight advantage and commensurate

30 capacity improvement are realized in the depicted arrangement.



A nunber of electrolytic cell lamnates with simlar conpositions, yet

varying in structure according to the foregoi ng description, were
prepared and tested for el ectrolytic and physical suitability for use
in rechargeable 5 batteries cells. The foll owi ng exanpl es are

Il lustrative of ch preparation and use.
PCT/US96/11732
EXAMPLE 1 10 wo971065g? separator/el ectrol yte nmenbrane coati ng soI ut1on -

was “ prepared by suspendl ngf 6 _g of an 88:12_ vinylidene fluoride
(VdF) : hexaf | uor opr opyPeReREEPL RAFRAYLLF SBbLLt1THMREGSeWiFh\pimilar

(Kynar FLEX ZBOEomﬁbggbfais a%éx&z@fw& &ﬁnséfecéw@%%&fa%gl 8o the about
40 g of acetone and addi to this mxture about 10 g of 15 di but yl

pht hal at e (DBP) forggoingpfesenintion;r wexgsprepared tand testedofior50[ err] Cto

facilitate dissql hﬁ}w I ?' OFLO qe zg

| aboratory ball %1!;%'\-_9? % & Qﬂ%lpor t&@fhty % @e rggsg Fh%’é&%?lﬁ]rer

was coated @& abgtaesipkatells ! T follodﬁﬁgoeéx&hﬂhs Gad dalgsppatdiaé @about

0.5 mMm The coated_filmwas 20 allowed to dry within the coating

encl osur e under %&Pﬁ?@?’ﬁat‘lm MMy dry air at roomtenperature for

about 10 mn to yield a tough, flexible filmwhich was stripped from

the gl ass pl ate. The filmwas about 0.1 mmthick and was easily cut

into rectangul ar separator elenments WKR¥RLEoLld be stored for days 25

at anbi ent room conditions wthout significant weight | oss.

EXAMPLE 2 A positive el ectrode conposition was prepared by 30

honogeni zi AP i n a | i dAcsepaxakct /Eldarsolytecineibrame rcdadringbeoilution was

- 10 - prepared by suspending 6 g of an 88:12 vinylidene fluoride
(VAF) :hexafluoropropylene (HFP) copolymer of about 380x10° MW
(Kynar FLEX 2801, Atochem) and 4 g of silanized fumed silica in
about 40 g of acetone and adding to this mixture about 10 g of

15 dibutyl phthalate (DBP). The completed mixture was warmed to
about 50°C to facilitate dissolution of the copolymer and was
homogenized in a laboratory ball mill for about 6 hr. A portion
of the requ.ting slurry was coated on a glass plate with a
doctor blade device gapped at about 0.5 mm. The coated £ilm was

20 allowed to dry within the coating enclosure under moderately
flowing dry air at room temperature for about 10 min to yield a
tough, flexible film which was stripped from the glass plate.
The film was about 0.1 mm thick and was easily cut into
rectangular separator elements which could be stored for days

25 at ambient room conditions without significant weight loss.
EXAMPLE 2

A positive electrode composition was prepared by

30 homogenizing in a lid-covered stainless steel blender for about

- 10 -



WO 97/ 06569 _ PCT/ US96/ 11732 10
mn at 4000 rpma mxture of 44 g of Li[err]Mjferr]derr], where 0 <
X <1 (e.g., Li[err]Mferr]Jerr] prepared in a manner described in

U S. Patent 5, 266,299), sieved through 53 pm 11.8 g of the VdF: HFP
copol ymer ( FLEX 0699 exanple 1, 18 g.dibutyl 5 pht hal at e, pctasgogi1732
conductive carbon uper-P Bl ack, M\/l\/l Car bon, Bel gi urr) and about 75 ¢

acet 6ne. The resul t,ing sl y was degas ri e pI yi.n

reduced pressure t"B'nt%é: Uﬁf’nﬁpm a mix f?ar%g‘ Byﬁgr{‘?' 4t e at ed
on a_glass plate stk a (e.g. 06t Ol Mhasle ﬁassdgwr@%ﬁn@%&l%emn
The coat ed | ayer was 10 al | owe to ry wthin the coating encl osure under

nmoder at el y U 3 oRatendr y- 406, %19”00%%‘@%@#%9@ P3rimmbolt -8 @ mth the
ield a I S 0 | at e.
yl'he. fifmwas about'rgfﬂzgagnh?ﬂ%k%a V\Céajasd%asﬂ%lt flx(%&?g?n?b”iéh& re ngul ar

el ectrode 6entphtsha/ﬂl*a'tcm doll g tenductive faarkeay  Shper- ntBhadakermm adaebon,

diti i t fi
L s " ! Bat g ), et BboUE' Bt S8ekona,The FREHLEARS FLEFEIH 20

honogeni zi ng i %@gééé&@%ebﬁﬂeﬂ.f\' AbSEPird oflrddiredeprbosusfoLsd the mJ.]:QLﬂE n-

at 4000 rpma m xture of 21 g of a commercial petroleum coke (MCMVB
25-10, Osaka Ga¥8Ss®al |and B Ear'awans%%e@%mﬁwd on asglass wlate with lge

VdF: HFP copol yr@écéﬂ- @ia&g()&é\ﬁ AL ?agg:?égg out 02 g4mx9. it t%?;fl]g&éﬁ Gras

1.12 g Super-P conductive car a out g acetone.
resul ting 30urragllvageditso datwgwithi;lnbtyhe coathimicefeng loppkgi ngder rmoiemskely

pressure to the ssel rtion_was th oated_on a

Ol 2os plate wi e HRRaY Biaaf Fodh sampeBSihrlortEainli t0Rs 0 fera
coated | ayer wamwd;ﬁ,ovmmble fllﬁlrwhm:m hids tdtigpeld ﬁgoﬁnﬁhesglwsslrplﬁte
rmderatelyflovmngéiﬁ% air roomtenperature for about 10 mn to
yield a tough, ¥ nas ébPPFanﬁf’c‘FF“V\'Eél‘F]%z?dﬁq yas: epghed FRoMARER gl ass

pl ate. ectar%%ﬁiéy l18efPode elements which could be stored for days
PCT/ US96/ 11732 | mwas about 0.15 mmthick and was easily cut

into r 28t an@t| apbignk tmoste condibhons il Erowto signdEicantedeight digss .
EXAMPLE 3

A negative electrode composition was prepared by

20 homogenizing in a lid-covered stainless steel blender for about
10 min at 4000 rpm a mixture of 21 g of a commercial petroleum'
coke {MCMB 25-10, Osaka Gas), ball-milled and sieved through
53 um, 6.0 g of the VAF :HFP copolymer (FLEX 2801) of example 1,
9.4 g dibutyl phthalate, 1.12 g Super-P conductive carbon, and

25 about 36 g acetone. The resulting slurry was also degassed by
briefly applying a reduced pressure to the mixing vessel, and a
portion was then coated on a glass plate with a doctor blade
device gapped at about 0.5 mm. The coated layer was allowed to
dry within the coating enclosure under moderately flowing dry

30 air at room temperature for about 10 min to yield a tough,

flexible film which was readily stripped from the glass plate.

- 11 -



at anbi ent room conditions w thout significant weight |oss. 5

-Simlarly suitable el ectrode and separator conpositions wer e obt ai ned
wi th vinylidene fluoride copolyners of 8-25% hexaf | uor opr opyl ene, such
copol ymers acquired from ot her commerci al sources (e.g., Solef

21-series, Sol vawq 9746569 vi nyl i dene fluoride copol yners wi t hP¢T/RP6/11732
proportions of chloro- 10 trifluoroethylene (Solef 31-series, Solvay).
Suche copo![ yger Thetgtlb;:T:i iwal.s:m{l;mg:i mi.as_smﬁ\?ﬁlmidlomm \?lsl ew's:i.h;;Bmgﬂ%;sl y

i ncor porat ed conpat i asticizers in e range o 0 -

Fur ther . L Ler  TRRUE it [ Shedrof, ol turate (i Soutdebreflored 145 dawmc
substitutes foratiafibidnit[xion dondikisfis twbtiRail whigndTieantt weigl® loss.
positive el ectrode conpositions. Rechar geabl e battery
structures may be readily assenbl ed from conponent el ectrode and
separator elgenents prg%}ﬁ | BN gof .n l.es. .
The condi ti osﬁs of elec ro%% st‘%r%ggz]irea?l on m%/gﬁ'é}(%]/%ﬁ%gg,ggg%t %%tﬁ?aﬁ% iois
coati ng conposi wepe obtairmsd witlhe vdipyiidenatfhdmids copolimess, of B<@E®I N a
basi s wei ght i o of active i nteﬁcal atjon materigl in_the

r
posi tive: negat i PS’mgium’e‘?%ré’fmﬁfé‘epoﬁﬂF PR PR AT st §?‘?Lma?|"d'_‘e§ 5,
preferably coffebcfal IdEdssi(@Ughet 56168 M CAerids,aBBay) O amd h
graphite. 25 Simlarly, various assenbly |anination procedures g;ag/ be

enpl oyed utilizvVAgylidepe Huarider copobymers aviids lgke propopkiers ff ychloro-
cont i nuous oc = -LePESs ch g

depicted i r?RJIr:I G%§§f?m§ﬁg%}%}g+ﬁ%f(%t%ﬁgg?é%eéé 's hsc?v]v'rY n 'FFgéhzsg%%% a
negati ve el ect r odstivl ¢owesitiona fuacsPoned el withf omegeneosskyi on 52
bet ween heated rol |l e t .ahout . 1500 err] C and out 4 x 10[.err
pressure, a posil F§.5£§¥%€?$Oc§&pat;%ae plagticlzelrs E L tﬁg Yange og iboué ifolg-
- 70®. OFu b€, Li,Co0, and LiNiO, intercalation compounds were
PCT/ US96/ 11732 collector lamnate 51, 53 is |i

i kewi se forned at station
54, and 1 he SEEBCELNe AHRSTEELEs Sor, Lixstunat Hi% 4¢F e SoTpgRent of
menbrane 53t $odk t dve S8l ectibidd osiehoh@Mm nating stations may be

i ncl uded to accommbdate the descri bed fabrication of

Rechargeable battery structures may be readily assembled
from component electrode and separator elements prepared in the
manner of the foregoing examples. The conditions of electrode

20 preparation may be varied, either in coating composition
consistency or coated layer thickness, to obtain a basis weight
ratio of active intercalation material in the positive:negative
electrode combination between about 2.1 and 3.5, preferably
about 2.2 when using petroleum coke or about 3.0 with graphite.

25 Similarly, various assembly lamination procedures may be
employed utilizing, e.g., heated flat-bed presses or, |
preferably, continuous process heated-roller assembly lines,
such as generally depicted in FIG. 5 with a cell of the type
shown in FIG. 2. There. a negative electrode/collector laminate

30 57, 59 is formed at station 52 between heated rollers 56 at
about 150°C and about 4 x 10% Pa pressure, a positive electrode/

- 12 -



5 expanded batteriesof the type depicted in FIG 4.

EXAMPLE 4 A battery cell 10 of the basic prior structure
depicted in 10 FIG 1 was prepared in the foll ow ng nmanner. An 80 x 40 mm
copper current collector foil 19, preferably in the formof an open

mesh grid of abowo>93;3 gn t hi ckness (e.g., McroGid pr eci sporussspeigied
foil, Delker rp was trimred at one end to forma tab 18 which

woul d subsequent | ore185: 8. £9 n battery termnal, To e nce
the. ensui ng adkSRToro a8 ¥ S lsg! 1indTies Honmed o ratiof Pl ik
surface- cl eanedeiy sub-assefbli Pgif cira fivam deeinadseldnwithosEparatapper
bright" solution (m.xed dilute HNOB, . H2S04), .rinsing in water, air,.

drying, dip mer%ﬁ%é% At asbatien 28 o Rddidionadn surb; femipgtipg stations
copol ymer of 2nay BAMRltudeddts HedbfifoddV¥! (P AREIHAE BhnPboion o

350[ err] C for seconds. x 40 mm car bon negative
el ectrode ebeneepparded batteriegr ofh the tynenq;ﬁmm:lee'ldlnnFEﬁanﬁl e 3, was
overlaid upon grid 19 25 and the el enment pair was placed between buffer
sheet s “of abherent pol yet hyl ene terephthal ate (not shown). The

assenbl y was then passed through a |EXAMBIE 4g station, as at 52 in
FIG 5, consisting essentially of a commercial card-sealing | am nat or.
30 - 13 - WD 97/ 06569

PCT/ US96/ 11732 A battePeeBl I SEZee MAHild pei8kast it @eBREtdd in
as prepared in Exanple 2, and acetone-cl eaned al um num current

col l ector @Pid BIGwek Masapreppzadi an| the Fehiwing,sagness An 80 x 0 mm and
the resul ting e!:g{:‘%ézo Hue(éiggiegé‘bgt E@%f B, pr¥PRabsd Yh!Pn8"torm of an

i nt er posed separ ane
open mesh grid of about 30 pum thickness (e.g., MicroGrid

precision expanded foil, Delker Corp.), was trimmed at one end
to form a tab 18 which would subsequently serve as a convenient
15 battery terminal. To enhance the ensuing adherence to its
associated électrode element, grid 19 was surface-cleaned by
immersing for a few seconds in a common "copper bright" solution
(mixed dilute HNO;, H;SO0,;), rinsing in water, air drying, dip
coating in a 0.5% acetone solution of the VAF:HFP copolymer of
20 Example 1, air drying, and oven heating at about 350°C for 5-10

seconds.

A 60 x 40 mm carbon negative electrode element 17, cut
from the £film prepared in Example 3, was overlaid upon grid 19
25 and the element pair was placed between buffer sheets of
abherent polyethylene terephthalate (not shown). The assembly
was then passed through a laminating station, as at 52 in
FIG. 5, consisting essentially of a commercial card-sealing
laminator.
30



(FIG 5). The | am nated battery structure was extracted of a
substantial anount of the DBP plasticizer conprising the 10 polyner
matrices of the lam nated | ayers, particularly the

separator/electrolyte, by inmrersion for about 10 minutes in stirred
di ethyl ether. TRgoe¥éesécted battery structure was then ac PCVASSA 1732
preparation for charge/di scharge cycle testing by | mrer si on, under a

substantial |y noi'sturg;ff e ArJMShE ikBve dPectdME! AT MRy 8 sgLution
of LiPF6 in 50:50 et h)g/f'ﬁéne cg#bonateb%’sz' X%C):%I?mat yl carbonaté (DMC) for

about 20 m n dupnepankficiniBrample Laends fcphbheceleanedh@lvmisins ghurentn
whi ¢h substanti g | e A d; pl | GJ T tiyated
battery was @Otlﬁ'eeﬁtﬁgr Ff‘#ggfﬁg/&séea eghggég %I(E;r ex% en |ne§'t grgmgﬁa%;xt abs
12, 20 18, in (FIE.08¢; fahditige aresiltifigokleot séde Aoglileeit drapaier were

mat eri al, such as pol yol efin/alum numfoil/polyester |amnate sheet i ng
comer ci al | \P us &éoﬂ%‘t‘lﬁﬁn ShYFnPses separator membrane 55, as at 58
EXAMPLE 5 25 (FIG. 5).A battery cell 20 having the structure of the

pr esent invention, as depicted in FIG 2, was prepared in the

fol |l ow ng manner. A portion of the positive el ectrode conposition of

Exanple 2 was sim | ar C ried fj 0 hi ckness
of about 0.12 nm TV\DL,%S ggﬁ%gam%e‘%t%o%%?%gﬁéggﬁ)fg waéj ?*réormct eéi Pl%l thto
formpositive elskistaticiel camsdist S5 thie DBP plisticpenvvonprimiagt kha
assenbl ed V\it h an _al um num ¢ol | ec} or. . . -
14 - 0 pollmrgippggrs%gs of the laminated layers, particularly the

PCT/ US96/ 11732  geparitod/eledbrol e Nakved miletBibRCES2 B A 0NREALULYE in
el ectr ode, coll ector, and separator elements of Exanple 4 in the manner

depi cted i n FI GStirradediethy} isthere| ThRasXFXaqtns bptbesysetructusg wgs then
extraction and elQolyBledl ¢naGEiNatd HbrP EHCehhrEEfal doiarg € tdstfng by
provide a test battery. EXAMPLE 6
immersion, under a substantially moisture-free atmosphere, in a
15 1M electrolyte solution of LiPFg in 50:50 ethylene carbonate
(EC) :dimethyl carbonate (DMC) for about 20 min during which the
battery imbibed an amount of solution which substantially
replaced the extracted plasticizer. The activated battery was
then hermetically sealed, but for extending terminal tabs 12,
20 18, in a close-fitting envelope of moisture-proof barrier
material, such as polyolefin/aluminum foil/polyester laminate

sheeting commercially used for foodstuff enclosures.

EXAMPLE 5
25
A battery cell 20 having the structure of the present
invention, as depicted in FIG. 2, was prepared in the following
manner. A portion of the positive electrode composition of
Example 2 was similarly coated and processed to a dried film
30 thickness of about 0.12 mm. Two 60 x 40 mm sections were cut
from the film to forxrm positive electrode elements 53, 53

{(FIG. 5) which were then assembled with an aluminum collector

- 14 -



An expanded battery 40 of the present invention, as 10 depicted in FIG
4, was prepared wth additional positive el ectrode fil msections 43
from Exanple 5 followi ng the | am nat ed fabrication procedure earlier
described in which each of the three el ectrode/collector '
sub- assenbl i es WawWO[97/86569 | ami nated, as at station 54 of FlI GPG/USILTE2
to final lamnation 15 wth separators 45, as at station 58. Extraction,
el ecttol yte griad iSeateindn L aftiflaPes kaDEH GRS xd@mahiiBgdnbdat H¥e f AT &AQIJH
exanpl es conpleted fabricatiqgn of the test battery.

EXAMPLE 7 20 ~ collectorp mndnpepserter islemantsamf Sxampie pf eberiths meameron
as shown i : 4 | Ckedmy LS | rrent
col l ectors 61,. r%égdlv%kﬁe?h lglr gggét 1 %%%r%%ss%elﬁbn%?%gggng%gng%fgﬁ%? p%cestsﬁ:g
| ani natg cel | 60¢ithh extdiacitdnnt endhelestsulditey acftivakliontas @éscriedrinhi n

positive el egctraqde 63, collector,g9 is_|amnated wi thin negative
el ectrode 6 su%faﬂﬂ%‘lealil g;oaprf:}r%g? n? etfer.%tcéaatteryw th separator el enent 65,

or at such simlar |ocation which wi |l provide an optinmm bal ance of
inter-coll ector and. average i ntra-el ectrode distances. 30

This configuration of cell elements, in adAMPEE 6o r educi ng

I nter-coll ector spacing, also provides each coll ector

- 15 - WD 97/ 06569

PCT/ US96/ 11732 dn ¢xphaodedt battéry G gfaltheo pyesent eiméeantciorgnias bot h

of which conglidl ar dvant ageous in fabricati structures .in

whi ch 10 el glzﬁt%%ze %llg"agm‘@%/- rf%?p(?er(fdgﬁutt aﬁgag'?%%mﬁﬁﬁl&w&r m a
concentric mani felebtmdeadi linageotiendadl efnonh Eviam@1bi §hES11o0wies itHeL
capacity. Pre-| ain nati o gf the cpllector elenents, w th respective

el ectrode conpos ?T“tﬂ?tle%/ pbricatten REacedure earlisy dasFribed; ipashich each

l'i kewl se preferrefl,eid @ elehelectro@@fESL] ol is\iBSakleRDFIES 410 RN
i ncorporation of_the collectors into the ultimate [amnate structure
wi t hout grid laminated, as at station 54 of FIG. 5, prior to final lamination
15 with separators 45, as at station 58. Extraction, electrolyte
activation, and packaging as described in the foregoing

. examples completed fabrication of the test battery.

EXAMPLE 7
20
A highly versatile variant of the present invention as
shown in FIG. 2 is depicted in FIG. 6 and comprises grid current
collectors 61,. 69 which are both interposed between elements of
the laminate cell 60. In addition to the embedding of collectér
25 61 within positive electrode 63, collector 69 is laminated
within negative electrode 67 substantially at its interface
with separator element 65, or at such similar location which
will provide an optimum balance of inter-collector and average
intra-electrode distances. |
30 |
This configuration of cell elements, in addition to

reducing inter-collector spacing, also provides each collector

- 15 -



10 surface pretreatnent. The batteries prepared fromcells
10, 20, and 40 were tested conparatively in charge/di scharge cycling
at various rates (a 2C rate designates a two hour charge or discharge
cycle 15 segnent) over the range of about 4.5 Vto 2.0 V. During the

early stage of s of6sskd NY, the internal. resistance of each PCTHISSG/11T32

was neasured by the comon vol tage-drop net hod, and was determned to
be 6+3 [err], 3.0.s 1 58 el | Qs
PG 7. The dr afaich o emeBboubu baclorht pOSREG WpkorEiment. | SOEHTRS Wnien

fromthe enbeddepnsiltionsoaret advangagesius lia fabrigabirgtstzuasuriesnin which

however, the unusual,l Lah _specd fi Rt xhibited by these cells
is particularly %F&#&@ﬁg o8Pt lscgﬁ:gltgéyi %gi)?%% %’hj:ﬁagﬁf’eﬁf%p T3 iet(?n f%]rmaa
considerable  condertdic pAnefoRd st amitatenbettaty hpidng high
enconpassi ng 25 current collectors. The persistence of 1Inproved specific

capacity of % he sregifdc eapasityetRrer laminatione 8fi ke csrllector elgmentsas
h [ FIG 8, ' {1 : ' h
hor easing. 1 at o3P Skl BFeSl e \dobeRlesICH 1ayerd P ne) iigRliC

attest to the fptewioudly dadeabbed cimidl idewicies prefeheedr esigrde ithdent i on.

~ 16 - V\Q 97/ 06569 . . .
PCT/ US96/ 11732 OPeTatiph SeIVEF Fo gpqure thorough) ingorpozation of, the

l'ithiumion battes)l&dtdied ihtoCeHRriTtigate lEEnkiveesapictingniWithodtegtiade
| ayer el enents having a separator el enent di sposed therebetween and
current col }@ct gfurfdce prefeeat@entherewith, each of said el enents

conprising a flexible, polymeric matrix film conposition and being
bonded to contiguous elenents at its respective interfaces to forma 10
unitary flexible strudthe datteries prepared fxemgceldscll, 2¢, jand d0dwere t
hat tested comparatively in charge/discharge cycling at various
rates (a 2C rate designates a two hour charge or discharge cycle
15 segment) over the range of about 4.5 V to 2.0 V. During the
early stage of such testing, the internal resistance of each
battery was measured by the common voltage-drop method, and was
determined to be 6.3 Q, 3.0 , and 0.95 Q, respectively, as
shown in FIG. 7. The dramatic improvement in this property
20 apparently arises from the embedded collector structure of the
present invention; however, the unusually high specific
capacity exhibited by these cells is particularly surprising,
considering the physical disposition of a considerable
proportion of active electrode material beyond the encompassing
25 current collectors. The persistence of improved specific
capacity of the new battery structure over increasing cycle
rates, as shown in FIG. 8, and the improved stability of such
capacity at such increasing rates, as evident in the
comparative traces of FIG. 9, attest to the further

30 advantageous effects of the present invention.

- 16 -



a) said positive electrode | ayer el enent conprises a conposition of a

lithiumion intercal ating conpound sel ected fromthe group consisting
of Li[err]M2O4, Li[err]Co2, and Li[err]Ni2; and 15 b) at |east one
of said current collectors is enbedded within its associ ated el ectrode
| ayer. 2. WO hRkdegry structure according to claim1l whereparressisdirs
enbedded collector is substantially coextensive with its 20 associated

el ectrode and i rtar ereby the conposition of said el ectrode
penetrat es said%%%lIégtgégéggﬁaiitain i oni c conductivity through said
el ectrode | ayer. 25 3. A battery structure according to claim2
wher &i n said enbedded col l ector is disposed substantially equidistant
from the surfaces of said electrode |ayer, thereby mnim zing the

i nternal resistdnceBoreshprygeabletlithium-ign battery struqimgy/@gsesdsing
PCT/ US%6/ 1173(2a sitide énga;l%&%%}?% r#cé&&gd%c%%&gggglémﬂﬁt%%lﬂgﬁ &V\gh%r ein at

| east on sal curren ctors 1Is e Sal

electrgde | ayer ssipaxatorakilementndisponesi ttherebeltwetnoand currersep@ldiedtors
interface. 5

.D. battery structure acgqrding to claim4 wherein
said el ect AROYATER CORGAILER: SRSt PeLOn SYFIEnTs | PR iSing o
i ntercal ating W%l@ﬁi&ile@?ﬁél?ﬁéf‘ﬂc A BhiM SomSHDGbn ak@ being Konded to
battery structure according to claim2 wherein each of a plurality of
sai d col | ect or s 9RtegHOYFcGLlaMments 3t st fesPScrdve interfaces to form a

10 unitary flexible structure
characterized in that
a) said positive electrode layer element comprises a
composition of a lithium ion intercalating compound selected
from the group consisting of Li,Mn;04, Li,CoO,, and Li,NiO,; and
15 b) at least one of said current collectors is embedded

within its associated electrode layer.

2. A battery structure according to claim 1 wherein said
embedded collector is substantially coextensive with its

20 associated electrode and is perforate, whereby the composition
of said electrode penetrates said collector to maintain ionic

conductivity through said electrode layer.

25 3, A battery structure according to claim 2 wherein said
embedded collector is disposed substantially equidistant from
the surfaces of said electrode layer, thereby minimizing the

internal resistance of said structure.

30

R
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-associ ated el ectrode. 15 7. A battery structure according to claim
6 wherein the plurality of electrodes conprises a like polarity pair
di sposed symmetrically about an el ectrode of opposite polarity. 20 .
8. A rechargeable lithiumion battery structure conprising: a) a
plurality of posi&bwo@k;ct rode el enments made of a f | exi bl ecRAIsyeAs32
conposition contarning a lithiated I ntercal ation conpound; 25
b) a-negative el ectrode el enent made of a flgxible . poI%nerip mat rj x
conposi tion cont ar ni AP Toh SIISLHERRFSPINT 19, Gipin & Wherein At least
intercal ation, wsgRéedH Sidl diRGehtVeollect&E£Cid QheAdRAERL then PESid i oned
bet ween each of said positive el ectrodes; 30 c) a plurality of
separat or el enen€ieEBRPRR RUFT Atf RekPERELON conjyiguaus sof aRnpeteapkrde/ on
capabl e of beingg 2t GRldrkace. CONductive by incorporation of an

a

organic solution o - 18 -
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di ssociable lithiumsalt which can provide ionic nobility, at | east
one of said separator el enents being di sposed on either :si de of said

negative el ectrofle; BHeREESER Sraugtnrg ageording fyslaim 4) whereir aish t he
positive electrog SctPode 1 rﬁ? &g g%iéy 5*9 Ll Qogl wher ei n
a current col T ector ?s %?b eg%gg m%t in %ac 6%% %ﬁ% 8 pos??%@%é%lectrodes
and sai d negati vintercalading aaterial consijtimmgprexdsenddahlyf of acakrisdrenent s
I s bonded to contiguous elements to forma unitary flexible structure.
10 _ 910A battery structure according to claim@8 wherein said
6. A battery structure according to claim 2 wherein each of a
plurality of said collectors is embedded within its respective

associated electrode.

15

7. A batte:y structure according to claim 6 wherein the
plurality of electrodes comprises a like polarity pair disposed

symmetrically about an electrode of opposite polarity.

20
8. A rechargeable lithium-ion battery structure comprising:

a) a plurality of positive electrode elements made of a
flexible polymer composition containing a lithiated
intercalation cdmpound:

25 b) a negative electrode element made of a flexible
polymeric matrix composition containing carbon as a material
capable of lithium intercalation, wherein said negative
electrode element is positioned between each of said positive
electrodes;

30 ¢) a plurality of separator elements composed of a flexible
polymeric £ilm composition capable of being made ionically

conductive by incorporation of an organic solution of a

-
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current collectors are nade of al um num or copper. 15 10. A battery

structure according to claim9 wherein said current collectors are
perforate. 11. A battery structure according to claim 10 wherein
said 20 current collectors are nmade of a netal foil grid. 12. A
battery structurgaiffededi N9 to claim8 wherein the f | exi bl peieosiiems C

matrix filmconposition is a plasticized 25 polyvinylidene fluoride
copokymer. disggciable lithium salt which can provide ioniélgbbility, at
. " least one of said separator elements being disposed on either
side of said negative electrode, thereby separating the
negative electrode from the positive electrodes;
5 d) a plurality of current collectors, wherein a current
¢ . collector is embedded within each of said positive electrodes
and said negative electrode; and
e) wherein each of said elements is bonded to contiguous

elements to form a unitary flexible structure.

10 .

9. A battery structure according to claim 8 wherein said
current collectors are made of aluminum or copper.

15 . . . .
10. A battery structure according to claim 9 wherein said
current collectors are perforate.

11. A battery structure according to claim 10 wherein said

20

current collectors are made of a metal foil grid.

12. A battery structure according to claim 8 wherein the
flexible polymeric matrix film composition is a plasticized

25 polyvinylidene fluoride copolymer.

30
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