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R,ACKGBOUND OF THE INVENTION 

Tpe present invention relates to rechargeable 
l~ electro~ytic bat~ery cells comprising polymeric film 

composition electrodes and separator elements, and metal!ic . . 

15 

2C 

25 

foil or~mesh current collectors, which are typically laminated 
l 

under heat and pressure to form a unitary battery cell 
structu~e. In particular, the invention provides a simple and . 
econo:mi.cal method of preparing such separator element :fil:ms or 
membran~s which are highly porous and thus capable of absorbinq 

I . 
and ret~ininq substantial amounts of electrolyte solution even 

t 

af~er hlqh-temperature lamination processing to thereby provide 
high io~ic conductivity and cyclinq stability over lonq periods 

t 

of recn~rqeable battery storaqe and use in a broad range of 
1 

t empera,tures. 

~lectrolytic battery cells particularly suited to use of 
f 

the pre~ent invention include Li-ion intercalation cells of the . 
' 

~ype described in u.s. Patent 5,460,904 which have preferably . 
compri~ed separator elements such as described in U.S. Patent 
S,418,d,91, the disclosures cf which patents are incorporated 
herein ~Y reference. Such cells are fabricated of respective 
positive and negative electrode elements comprising finely-

! 
30 divided activa materials, such as lithium-source LiMn2o4 and 

carbon,; dispersed in a polymeric matrix and formed into 
' 
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ar. in~erposed electr:cally-insula::n; sepa~a~~r memb~a~e, 

~sually comprising a similar polyme=i: material, which wil: 

u~:L~Qtely contain a uniformly discribu~ed orqani= sclu:!:~ ~~ 

~ li:hiuzr. sa!~ to serve as an elec~rolytic, ion-ccndu::!~~ 

bridge ~etween the elec~rodes ar.d enable the ~n~erca~a:!:~ ~= 

Li icns·flowing reversibly to and from the active ma~eria~s ~~ 

those electrodes during the eharqe and discharge cycles c! ~he 

battery cell. Finally, to facilitate the concomitant flow c! 

electrons in ~he bat~ery cell circuit, each of the positive a~d 

negative electrpde elements has an assoeiated current collect~r 
I 

element' which also serves as a terminal base.~or the attachrnent 

of a conductor leading, in use, to a utilizatio~ device. 

Ln the f abr1cation and use of these earlier-described 

battery cells, there were employed separator membrane element 
' 

composi·t1ons comprising a polyi"ner-compatible plasticizer 

compoun~ ~hich was in part removed from the finished cell 

separator component in preparation for activation by the 

add!ti~n of electrolyte solution. These polymeric separator 

composi.tions, as well as the similar polymeric battery 

electrode compositions, were particularly unique in that 

removal of the incorporated compatible plasticizer, typically 

by ext~action with a polymer-inert solvent, did not create a 

pcros.ity in the polymeric matrix, hut rather preconditioned 

such matrix for ready absorption of activatinq electrolyte. 

Yet .earlier polymeric battery cell separator elements 

which, 'on the other hand, relied on matrix porosity to promote 

electrolyte absorption ware described in U.S. Patent 3,351,495. 

Preparation of such separator elements did, however, rely upon 
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•1p!astic! ze:-", compone::t along \o:!.-=h en4:!'=.ine:i inert fi!ler 

par:i:les ~n ~~der to achieve the res~!tan: p:~os!:y. 

In accordance with the present inven~io~, ba::er1 

separa~or membrane elements are provided which comprise a 

deqree :of mesoporosity capable o! yielding improved electroly-:.a 

solution absorption and resultant hiqh ionic conductivity, ye~ 

lO are prepared without reliance upon time-consum.inq and expensive 

ex~raction,operations. On the contrary, the present battery 

::el! e+ement preparation entails merely an_.si:mple element 

membra~e coatinq or castinq process which '.~orm~ the pref er:-ed 

porosity by differential evaporation of coating composition 

!S fluid vehicle components, 

SQMMA.~Y OF THE INyENTION 

~he present invention provides a method of preparin9 

~esoporous polymeric matrix layers or membranes which serve 

equally well as separator and electrode elements in laminated 

ti-ionlintercalation battery cells. Such membranes are prepared 

25 in a ~imple eoatinq or film~castinq operation utilizinq a 

polyme~ic composition comprisinq a combination of polymer­

solven~ and -nonsolvent coating vehicle components which, due 

to respective evaporation rates, results in a fine dispersion 

of the· less volatile nonsolvent throughout the solidifying 

30 polyme~ matrix layer during the prima_ry solvent evaporation 

operation. The ultimate evaporation and diffusion of such 
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level ~; icr.ic conductivity in the battery ~e~l. 

tn addition ~o the matrix polymer and coat!~q ve~:~:e 

~~xtur~, the coating composition preferably comprises a !ine:7-

divided inert filler, such as silica, the particles of whicr. a=e 

10 initially uniformly dispersed in the coated layer, but which 

apparently miqrate in part to concentrate as aqqlom.erates ~n . 
the dispersed nonsolvent vehicle droplets du~inq the qellinq cf 

the ma~rix film. Thus, the filler not only ·~mpa~ts structural 
strenqth to the final layer in its uniform dispersal, but also 

provides support to maintain the open structure of the 

mesopo~es after diffusion of the nonsolvent vehicle and further 

extends additional such support during the compressive . . 

~endencies of the thermal lamination operation which later 

joins the separator and electrode elements into the unitary 

battery cell structure. 

Complementary electrode coatinq compositions comprise, 

alonq wich the matrix pol~er and solvent/nonsolvent mix, 

respec~ive electrolytically.active components, such a powdered 

25 carbon:and intercalation compound, e.q., a LiMn2o4 spinel. 

Althou~h these active components are dispersed in the coatinq 

compositions in finely-divided !orm, they do not significantly 

interfere with the mesopore formation, since their pa~ticles 

are normally in the range of an orde~ of magnitude larger than 

30 th€ mepopore voids. 
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' : subasse~~:~es with an i~terposed sepa~ator elemen~ are 

, ;; 

substantially as described in the above-incorpora~ed pate~~ 
specifipations. Completion of battery cell fab~ica~ion i~=:~des 
activat'ion by applicat:ion .and mesopore membrane absorp-::.:::: ::-:= 
electr~lyte solution, and final packaging, in the usua: ~a~~~~. 

BR!EF DESCBIPIION OF THEi pR.~WING 

The present invention will be described with reference to 
~he aeoompanyinq drawinq of which: 

F.IG. l is a diaqrammatic representation of a composite 
~i-ion ·bat~ery cell incorporatinq separator and electrode 

L~ membra~e elements of the present invention; 

---

FIG. 2 is a diaqra1t1ntatic representation, in section, of a 
segment of a separator membra~e of the present invention 
showinq relative dispersion of nonsolvent vehicle droplets and 
~nert ~iller particles durinq early staqe qellinq of the 
memt>ra~e polymer; 

{IG. 3 is ~ diaqrali\ltlatic represent~tion, in section, of a 
segment of a separator membrane of the present invention 

30 showinq relative dispersion of nonsolvent vehicle droplets and 
inert filler particles during final stage qellinq of the 
membrane polymer; 
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s~cwinq: relative dispersion of nonso!ven~-replacinq mesc;c:: 

~=:~mer~ ~c ~a.~i~at1nq temperature and press~~e; 

FIG. S is a graph of comparative elec~rolyte absc~p~~=~ 
in sepa~ator membrane samples of similar polymer p~epared . 
a:cordinq to the present invention and the prior art; a~~ 

FIG. 6 is a graph of comparative electrolyte absorp~ic~ . 
ir. mesO.porous separator membranes prepared froM various 
compositions and subjected to moderate and hiqh laminating . 
&emperatures • 

DESCRIPTION OF THE INVENTION 

2~ *he present invention essentially comprises a method for 
preparing me~oporous polymeric separator and electrode elements 
for reqharqeable electrolytic battery cells without resort to 
expensive and time-consura.inq solvent extraction operations. The 
invent~on further comprises the resulting separator and 

25 electrede elements, as well as the recharqeahle battery cells 
f abric,~ed by thermal lamination assembly of such separator and 
electrode elements with conductive collector elements. such 
assembiy and the procedures used in fabricating the battery 
cells are for the most part described in U.S. Patents S,470,357; 

30 5,540,741; and their related patent disclosures. 
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13, 17 be~ween which is disposed a separa~or element 15, 

prepared according ~o ~he present inven:icn, i~ w:.ich !!~~:~~ 

salt electrc!y~e solution will ~l~~mate!y be a~scrbed. 

electrodes 13, 17 respe=tively comp~~se a l~~~:a~ed 

, 

r"":i-. ... 
••• '!:" 

ma~erial capable of reversibly intercalating lithiu.~ io~s, 

e.g., c~rbon in the fo~m of pecroleum coke or graphite. 

10 Electrically-cond~ctive current collectors 11, 19, preferably . 
of alum~num and copper, or nickel, are adhered to respec:ive . 
electrode elements 13, 1i, preferably in a prelimirrary 

laminatlon to form electrode sub•assemblies, and these sub­

assemblies are bonded, such as by thermal lamination, to 

15 intermediately situated separatcr element 15 to form a unitary 

batterY: cell 10. In order to facilitate subsequent procP~sinq 
• 

of the cell, particularly to incorporate electrolyte solu~ion, . 
at leas~ one, preferably both, of the collector elements is 

permeab,le, such as in the form of a perforate foil or expanded 
! 

2C meta.l cjrid. 

~lthouqh the polymeric material utilized in the 
' preparation of the present separator, and likewise electrode, 
' 

elemen~s ~ay be selected from a wide variety of previously 

25 empl~yed polymers and copolymers of, for example, vinyl 
I 

chloride, acrylonitrile, vinyl acetate, vinyl fluoride, 

vinyli~ene chloride, and vinylidene fluoride; and acrylonitrile 

and vinyl chloride or vinylidene chloride, and vinylidene 

fluori4e and tetrafluoroethylene, trifluoroethylene, chloro-

30 trifludroethylene, or hexafluoropropylena, the latter 
; 
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generaliy varyinq with ics molecula~ weigh~. 

While not essential to the formulat~o~ and proces~!~~ ~~ 

~he se~arator and electrode elements o: the creser.~ ~nve~:~=~, . . . 
~r. o~der to provide an optimum degree of flexih~l!ty and ~~e~~a: 

~ohesion during lamination, the polymeric compositions may · 
' •' 

further' comprise a S1litable amount of a compatible orqanic: 
olasticizer,· such as dibutyl phthalate. Each of the positive - . . 
and ne;:ative electrode compositions normally• ·further comprise, . . . 
usually, in finely-divided dispersed fo.rm, the ~lectrolytical:y-

active ~omponents which are essentially materials capable of 

provi~inq and intercalatinq lithium ions durinq the discharge/ 
charge ~ycles of the ulti~ate battery. 

~he method comprisinq the present invention resides 

princi~ally in a unique variation from previously described 

20 battery cell fabrication practices in the preparation of the 

coating composition used in casting the separator, and 

electrode, film membranes. Whereas previous practices entailed 

the formulation of an homoqeneous coatinq solution ot matrix 

polyme~ and coating vehicle solvent, with plasticizer if 

~5 desirEd, the coating composition now employed includes, in 

addition to a primary polYJner solvent, such as acetone or 
tetrahydrofuran, a liquid eoat1n9 vehicle component of lesser 

volatility, such as a lower alcohol, which is eesentially a 

nonsolvent for the polymer, but which is nonetheless miscible 
30 to a significant de9ree with the primary solvent. Such a mixed 

solvency coating vehicle enables the initial castinq of clear, 

iiiiiW 
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predomihant evapora:ic~ o: p:i~ar7 solve~~ a~d :esul~~~q . 
e~:!chmer.~ c: nc~solvent in the =~a~inq !ayer, loca~ized 

==~poneµ~. The lower volatility of the no~so~vent resu:~s 

the maip~enance o! the uniform droplet dist~ibution unti~ :~e 

polymer merobrane has gelled suft1ciently to sustain a 

mesopcious s~ructure upon subsequent evapcr5ticn or ~r.e 
. 

r.cr.solv.ent component • 

. 
~n a preferred embodiment of the inve~tion, the coatinq 

composi~ion includes a significant amount o! inert particulate 
1 . 

iiller( such as silica or alumina, which is initially uniformly 

25 distributed throuqhout the body of the cast layer. This filler 
' component contributes substantially to the physical strenqth of 

the t1rial membrane, as such fillers did in prior art 

c~mpos~tions; however, in its present utilization the 

particulate filler adds a distinctive function in that during 

2~ tt.e evaporation of the primary solvent vehicle and resulting 

coalescence of the polymer membrane matrix the filler particles 

tend tq accumulate in the more fluid nonsolvent droplets as the 

vehicle evaporation proceeds and ultimately agqlomerate in 

greate~ measure within the voids initially occupied by the 
. 

2E nonsolvent to thereby support and maintain the final 

mesoporosity of the separator membrane. 

This advantaqeous function of the particulate filler in 

combin•tion With the specific solvency imbalance of the coating 

30 composition may be seen in the diagranunatic repr~s~ntations of 

FIG.s 2 and 3. In FIG. 2, the section 15 of a separator'membrane 
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deqree.suf!i:ie~t to isolate d=oplets :f r.onso!ver.: ~c. ::-~== 

particies 24, 25 a~e dispe=sed -:hroughout ~he layer mass, 
· · ·2 d 1 • .... ~e-e: .,.. ~ ... ir.. t:c~~ p::.;.::"!tl.er mat::uc ~ an ncr.so_ven"t: l:ll:'!J~.:.. !.- ""c, -·· 

su!:::s1;at.tia:l 'i :.he same uniform dist~ibut:ion as w:ie!"'. -:he 
l • . 

homogeneous ~cmposition was ini~ially cas~. Upon =~=t~e= 

qelling by p:imary solven~ evaporation, however, as represe~:e~ 

in FIG~ 3, the increased viscosity of the polymer ma~rix 22 

10 fixes ~he distribution of filler particles 24, while par~~~~es 

25 withi~ the more fluid nonsolvent drople~s 36 are free :.~ 

15 

. . 
agglomera~e as the nonsolvent evaporates. F~rther agglomerat~=~ 

may occur until the polymer matrix solidif~es sufficiently to 

mainta~n the size of pores 36. 

~t should be noted in these considerations that the 

repres~ntations of FIG.s 2 and 3 are sho\;nl grossly out of 

prcpor~ion for the sake of clarity. The relative distribution 
I 

of a p~rticulate filler, such as a fumed silica, within voids . 
20 =reat~d from nonsolvent dispersion in a polymer matrix may be 

25 

more dlosely realized from the actual size scales in which the 

silici particles approximate 10 nm, while photomicrographic . 
examination reveals encompassinq void structures to be about 

1 µm i;n diameter. 

;The further representation of void and particulate tiller 
~ 

seen ~n FIG. 4 is intended to depict the disposition of filler 

particle agglomerates in their ultimate role of supporting the 

pore ~tructure of the separator membrane in the extreme 
. . 

30 condi~ions of battery cell fabrication lamination with heat and 

press~re which could otherwise readily collapse the membrane 

iiiiiW 
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:~e aqglomera~es main~ain an oper. ~etwo~k ~~ voids whi:h 
: . 
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• I 

!.n:el"'!"ri t:'l mesooores in el~ctrodes memb:-anes 13, ~-;, o~ -:!-.a 
"::' " - -

=~her ~and, is principally maintained by the larqe= s~:9 == 
ear:icles in those compositions. 
• I 

While the present invention may be utilized with a.r.y ::~ 
I 

10 ~he battery electrode and electrolyte components mentioned in 
! 

1 :: .... 

the afprem~ntioned patent specifications and in similar related 
' 

public~tions, in the interest of simplicity the invention ~ill 

be destribed with reference made to a few representative 

ccmposltions which are included in the followinq examples. 
' 

t:;xamole l 

~ coat1nq composition for a preferred embodiment of a 

separ~tor membrane 15 was prepared accordinq to the present 

20 inven~ion by dissolving 3.0 q of an 88:12 VdF:HFP copolymer of 

about ~380xl03 MW CAtochem Kynar FLEX 2801) in about 20 ml 

acetone. Into this solution was stirred about 10 ml ethanol ir. 
' 

which ·the copolymer is substantially insoluble, and 2.0 g of 

fumed 1silica (Si02 ) to form a com.position of clear, smooth 

25 consistency. The composition was cast at a wet thickness of 
i 

about i250 µm upon the surface ot abherent polyethylene 

terep~thalate film and allowed to dry by evaporation of coatinq 

vehicli.e components in moderately circulating air at about 30°C. 

The r~sultinq separator membrane of about SO µm thickness was 
30 self-~upporting and appeared homoqeneous when stripped from the 

castiqq substrate. Under photoroicroqraphic examination the 
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~r- ~ne ma:rix :n general, much as depi~~ed in ,.__,_ A 

:..:..-..:. "· 

I 

A·co:nparative sample of the above-men~ioned genera: 

embcdimenc of the invention, viz., a mesoporous membrane 

10 without:dispersed inert filler, was prep~red in the manner of 

Example11 w~th the exception that the silica component of the 

coatinq.composition was withheld. !n order to compe~sate for 
I 

the greater resulting fluidity of the composition and achieve a 
. . 

=omparahle membrane thickness, the coatinq was cast at about 
I 

l5 350 µm.'.The resultinq separator membrane was of mar9inal 

physica~ strenqth and appeared, upon photomicroqraphic 

examina~ion, to comprise the same mesoporous structure as that 

~f Example l, but was devoid of dispersed filler particles. 

20 Examal§! 3 

Ai variant membrane sample was prepared in the manner of 

Example' 1 with the exception that the nonsolvent isopropanol 
i 

was sub;stituted for the ethanol. The resulting membrane was 

2E visua-ll:Y indistinquishable from that of Example l. 

Example 4 

Jµl additional variant membrane sample was prepared in the 

30 manner ·of Example 1 with tha exception that the ncnsolvent 

TA.is Sheet Ha$ Been .Replaced 
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A control me~.brane sample was prepa::ed f r~m ~~e 

c:::mnonehts of €xample 1 with the exception that about: & ···- --. . 
acetone: was substituted !or the ethanol, the~eby providi~; ~ 

coating: vehicle consistinq only of polymer solvent. The 

10 compos1ition was cast and dried in like manner to yield a. 
' 

membrane of si~ilar macro appearance as that of Example l, . 
Photom~croqraph!c examination revealed, however, that the 

membra~e was comprised solely of silica particles uniformly 
' distriouted throughout the polymer matrix without the presence 

15 of a ~~soporous structure. 

EXamDle 6 

~n order to test the efficacy of the present invention, a 

20 :ompa~~tive prior art separator membrane sample was prepared 
' 

substa~tially in the manner ot Example 13 of the abov~-

referenced 5,416,091 patent by castinq from a solvent 

disper~ion a FLEX 2801 VdF:HFP copolymer co~position comprising 

about ?0% SiOa and 2St dibutyl phthalate plasticizer. Following 

~= the de~cribed prior art procedure, the resultinq flexible 
1 . ~ . 

separator membrane was extracted with diethyl ether to remove . 
the pl~sticizer component and thereby condition the membrane 

for el~ctrolyte absorption. Examination of the extracted . 
membra~e revealed a dispersion of silica particles throuqhout .. 

30 the polymer matrix, but no discernible pores, as is consistenc 

with the description in the referenced patent. 
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l arid Q. Tc ttis end, ... r,.A .. .......... 
!IiL~erse~ fer a :ew minutes in propylene carbona~e !PC\, a 

lithiumisalt solvent ty-pically used as a vehicle for batte~y 

cell ac~ivatinq electrolyte solution. After immersion, the 
l 

!G samples; were cleaned of surface accumulation of Pc and 

reweiqhad ~o determine the amount of PC absorption. The graphs 
' of comp~rative absorption by these sample pa~rs appear in FIG. 5 

and indacate the generally greater simulated electrolyte 
i 

absorhllPcy of the mescporous membranes of the present ., . 
lS inventi~n. 

' 

Example 8 

~amples of each of the invention and control separator 

4; membranes of Examples 1 through 5 were tested for simulated . 
electrqlyte absorption after exposure to various temperature 

~cndit!ons which would likely be encountered during thermal 
' 

lamina~ion of separator and electrode elements in the . 
fabric~tion of battery cells. Increases in such laminating 

[ 

2: temper~tures would be expected to reduce porosity and 
I 

electrqlyte absorption capability. After exposure to laminating 

pressuie and temperatures of 1oo•c and 170 8 C, the samples were 
I . 

tested1for PC absorption in the manner of Example 7. The results 
I 

o! co~parative absorption for membranes of each of the examples 
• 

30 are sh~wn in the graphs of F!G. 6. Of particular note in these 

test results are the hiqh levels of electrolyte absorption 
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ct ~xe..~ples l, 3, and 4 ccmprisi~g 

st:r~ctu1:e-supportinq particulate filler. The suscep:ib!.!:::~1 : : 

- ~e~~ranes wi~hout filler, as in Example 2, to mesopc=e cc::apse • 
! 

a~ ~emp~ratures above !he melting point cf ~he mat~:x p~~y=.~~ ~s 

a~c~rent in these resul~s. su=h meirJ:':!ranes, wi~h ~~e~r . . . 
exceptipnal initial absorP,tion, would be useful, of cc~rse, :r. 

I 

low-temperature or non-laminated battery cell applications. As 

lC is further apparent, the nonporous st~ucture of the control 

membran~ of, Example 5 is little affected by tempera~ure, yet 

. = _ ... 

' exhibi tp minimal electrolyte absorption unde,r any condi ti ens. 

Example 9 

~he ultimate efficacy of mesoporous separator and 

e:ectrotte membranes prepared aceordinq to the invention was 

~ested ~n compa~ative laminated battery cells fabricated in the 

mar.ner ~f FIG. 4 of referenced patent S,460,904. A prior art 
I 

plastiqiier-extracted cell was prepared as in Example 15 of 

that pa·tent, while a cell of the present invention was prepared 
l 

in the tfollowinq manner. As referenced in FIG. l of the 

specif~cation, positive electrode m_embrane 13 was cast at about 

375 1-L~ ~rem a co~position of 2.5 q FLEX 2801 VdF;HFP copolymer, 

25 l q SP ~onductive carbon, 5 q LiMn2o4, 40 ml acetone, and 15 ml 

ethano~. The resulting rnesoporous inemb_rane was laminated with 

ar. exp~nded aluminum foil collector ele'ln~nt 11 in a heated . 
roller ,device at about lSODC. A negative electrode meml:>rane 17 . 
was ca~t at about 450 µ?n from a composition of 2.5 q FLEX 2801 

30 VdF:HFP: copolymer, l q SP conductive ~arbon, s g microbead 

carbon,; 40 ml acetone, and 15 ml ethanol. The. resultinq 

- 15 - iiiiiU 



, l . . . b t :t. • .... ...... ...:i~ 
~xamp-~ was pcsitionea e ween ana ~~ co~~a=~ ~~-~ -- -

s~bass~:1 electrode ele~ents 13, 17, and che asser..tly was 

iaminated in ~he device at about 120°c to form a un~~a=v ba~tery . -
I 

~ell 10. whi~h was ~hen activated by immersion in an EC:PC:~!?:~ 

elec~r~lyte solution as described in ~he refe~enced pate~:. 

I 

:~ ~he battery cells of the prior art and of the fore9oing 

fabrication with elements prepared accordinq to the presen~ . . 
invention were cycled at a constant 10 mA b~tween cutoff 

. . ' 
voltaq~s of 3.0 v and 4.5 Vat a C/5 cycling rat~ in the manner 

descri~ed at Example 13 of the referenced 5,~60,904 patent. 

15 Both c~lls performed similarly in the manner depicted in FIG. 2 
' 

of that patent and exhibited discharqe capacities in the range 

~! about 20-25 mAh . . • 

The foreqoinq examples are intended to be ·illustrative 

20 cnly arid not limiting upon the present invention. It is expected 

that oiher'polym.ers and solvent/nonsolvent cornl:>inations 

--JV 

l 

yieldi~g similar results will occur to and may be achieved by 

the skilled artisan in the light of the above description 

throug~ the exercise of routine experimentation without 
I 

departing trom the scope of the invention as recited in the 

append~d claims. 

' 
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1•11111 
' 

A m~thod for preparing a mesoporous polymer~c mentb=a~e ::= 
~se as ~r. ionic:lly-conductive inter-electrode separato= ~~ a 

' 
rechar9~able battery cell 

i .. 

c h a r a c ~ e r i z e d 

said ma~hod comprises: 

i n t h a ~ 

a) ~reparing a coatable composition comprisinq a pol~-me:~= 
~ateri.ab., a volatile fluid solvent for said polymeric ma~e=ia:, 

ar.d a s~cond fluid miscible with and of lesser volatility ~~=n 
i • 

said sd.lvent, said second fluid being a nonsolvent e~hibi~inq 
I 

no sigdificant sol~ency for said polymeric material; 
I 
I 

b) Jcastinq said composition to form a layer; 

c} ;"11olatil1zinq said fl.uids from sa.id layer under 

condit~ons whereby said solvent volatilizes at a rate 

substaqtially faster than that of said nonsolvent, thereby 

causing the qellinq of said polymeric material in the more 
! 

nonsol~ent-predominant reqions of said layer and isolating said 
' 

nonsol~ent as droplets substantially unitormly distributed 
; 

~hrouqhou~ a matrix of polymeric material; 
} 

dJ icontinuinq the volatilization of said solvent to the 
: 

comple~ion of qellin9 of said polymeric material matrix to 
' thereb¥ render said membrane self-supporting; and 

e) 'continuing to subsequent completion the volatilization 
) 

of sai~ nonsclvent from said droplets to yield a like 

distriQution of mesopore voids throuqhout said membrane matrix. 

2. A method accordinq to claim 1 which further comprises 

unifo~ly distributtnq throughout said coatable composition 
I 

partic~es of a filler substantially inert to the remaining 

- l i ... 
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_ ...... ..,.,..•.""'\O~.-::;- -./:. __ .... ...,..,., .. ___ -· --- . said --w""" - K: 4 ~ ~ ,.....,. -""'···:i'- - - -- ___ , 

d!s:ribu~!=c =~ said ca::icles ~!:~!~ sa!d ~oids as well as . -

3. A m~thod accordinq ~o claim Z which f~r~her c~~prises 

con~act~ng said mesoporous separate= me~.brane with a 

electroiy~e for a time sufficient to distribute said 
' 

electro1yte within said membrane by a~sorption into at leas: = 
portion~of said voids, thereby rendering said membrane 

ionicaliy-conductive. 

4. A ~esoporous polymeric membrane for.use as an ionically~ 

conduct[ve inter-electrode separator in a recharqeable battery 

::ell 

c h a r a c t e r 1 z e d i n t h a. t 

said mejl\brane comprises a polymeric matrix having distributed 

therei~ a plurality of voids and a multiplicity of inert filler 

partic~es, at least a portion of said particles being situated 

within :said voids. 

S. A ~eml:>rane accordinq to claim 4 wherein said particles are 

distri~uted within said voids in a qreater spatial density than 

withiu!said matrix. 

6. A membrane according to claim 4 wherein ;aid polymeric 

matrix;eomprises a copolymer of viny~idene fluoride with 3% to 

25% by1weiqht hexafluoropropylene. 

liififir 
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... ~.,. J:: ,.. - n,b 
···-·· _:a, •• -

e!emen~ d!spOsed there~e:wee~ 
! = ~ a r a c ~ e r i z e d 

A• Q...,_:S-"'­""""'--•\•-• .. _, 

- ~ ... .. - .. ~ ... 

said s~pa!"at:or tnembrane comprises a polyrneri:; ma~!'ix l:.a\·!:.q . . 
distri~uted the:ein a plurality of voids a:id a mu:t.:..p.:.:..:.:.-:~· == 
:r.e~~ ~iller par~icles, at least a por~icn of said pa=:~~:es 

ceinq ~ituated within said voids . 
• 

6. A iecharqeable battery structure according to claim 7 •· 

whereici satd particles are distributed within said voids in a 
\ 

qreate~ spatial density than within said matrix. 

1 

i 9. A ;echargeable battery structure according to claim 7 
I 

wherei* said polymeric matrix comprises a copolymer of 
' 

vinyli~ene fluoride with 3% to 25% by weiqh~ 

~exafl¥oropropylene. 

10. A reeharqeable battery structure accordinq to claim 7 

wherei~ each of said electrode elements comprioes a polx'meric 
! 

ma~rixland each of said electrode and separator elements is 
• 

bondedito contiquous elements at its respective interfaces to 

form ·aiunitary fleKible laminate structure. 
f 
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