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I nvention The invention is directed to a biaxially
ori ented m croporous nenbrane and the nethod of its
manuf act ure. Background of the Invention M croporous
menbranes are known, can be nmade by vari ous processes,
and t heBpAgEaSEYhPRIGNIRD: M CROFPRANS MEMPRAYEnas a
mat eri al i npact upon the nenbrane's physica
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Menbranes, A structural perspective, Second Edition,
John Wley & SonsgreNawe¥orplW¥atidb®85) . Three
commercially viabl e processes for maki ng m croporous
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Field of the Invention

The invention is directed to a biaxially oriented

microporous membrane and the method of its manufacture.

Background of the Invention

Microporous membranes are known, can be made by various
processes, and the process by which the membrane is made has a
material impact upon the membrane’s physical attributes. See,
Kesting, R., Synthetic Polymeric Membranes, A structural
perspective, Second Edition, John Wiley & Sons, New York, NY,
(1985). Three commercially viable processes for making

microporous membranes include: the dry-stretch process (also

known as the CELGARD process), the wet process, and the particle

stretch process.



formation results fromstretching the nonporous
precursor. See, Resting, |Ib id pages 290-297,
w0 pongsssat ed herein by reference. The dry- stPEr/tk2007/062095
process is different fromthe wet process and particle
stretch process. Cenerally, in the wet process, also
know as the Ehase i nversi on process, or the extraction
rocess or the TIPS process (to nane a fe t he
Tg6l GREr FETRRGPNBREEFFEF i'f§fﬁir;e&°v\nat Hrgcﬁrs\(%?: é’?ﬁrﬁg PGIF
(sonetines referred to as a plasticizer) , this
formatpprt yeeuil§sekrrlidedreaflipar 658CaPONPRERUSOPHFEG WIRER -  Se&,
the processing oil is renoved (these filnms nmay be
Kestingt r eébcHedpbgter 2 90F 2af7t, enncheprembedl hefretilme byl Fpference.
See, Resting, Ibid, pages 237-286, incorporated herein
The drPysketecanpeoceeseral by f fierehine fpant icbke welr @rokess and
process, the polymeric raw material is mxed with
particPar Ekedkaheprbbbgsm Xtdherhg 19Xt hudede aRe ReResANCalso
fgrned during stretching when'the interface between
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and 6, 080, 507, .incorporated herein b .
or chelBTES, 8FOoRRE dbfiorangs tar g FPoR AESS ot gl Jagerial

. ~are physically different and the process by which each
is mixed wagae a processing oil (sometimes referred to as a

plasticizer), this mixture is extruded, and pores are then
formed when the processing oil is removed (these films may be
stretched before or after the removal of the oil). See,
Kesting, Ibid. pages 237-286, incorporated herein by reference.
Generally, in the particle stretch process, the polymeric raw
material is mixed with particulate, this mixture is extruded,
and pores are formed during stretching when the interface
between the polymer and the particulate fractures due to the
stretching forces. See, U.S. Patent Nos. 6,057,061 and

6,080,507, inco;porated herein by reference.

Moreover, the membranes arising from these processes are
physically different and the process by which each is made
distinguishes one membrane from the other. Dry-stretch
membranes have slit shaped pores due to the inability to stretch

the precursor in the transverse machine direction. Wet process



di stingui shes one nenbrane fromthe other. Dry-
stretch nmenbranes have slit shaped pores due to the
WO p@bioddssy to stretch the precursor in the traPCESRE7/062095
machi ne direction. Wt processnenbranes have rounder
pores due to the ability to stretch the precursor in
the transverse machine direction. Particle stretched
menbr anes, on _the other hand, are filled wi
membrapas t PRVF af SUREBHEBOFBF PBRetPoFHE PBhll)'é\XcEPd?ﬁé’FfrCh the
each nmenbrane may be distinguished fromthe other by
precurges hethbd branavaraet upehinphpisegtapranedaiadelby
the dry- stretch process have net with excell ent
stretchedmeenbabnsaccessfhehetbershandeedreofiidpedveithei r
physical attributes, so that they may be used in w der
particSPgeér Hee8Edapplki pakeOR6rmabOBR . ar a3go2tingPovesent
i ncl ude pore shapes other than slits and increase
membraﬁéaﬂéyeﬁéed@bﬁ?ﬁbh@@h&@”?kbﬁ gheepghbyr Hysltgah%@hoHoof
,593 is directed to a m croporous nenbrane, nade
manufa ¥u§edry stretch process, where the resulting nenbrane
a'ratio of transverse direction tensile strength
to machi ne direction tensile strength of 0.12 to 1.2.
Herein, the TDOVMD tensile ratio is obtained by a

bl ow-ur ratio of at |east
While membranes made by the dry-stretch process have met

with excellent commercial success, there is a need to improve
their physical attributes, so that they may be used in wider
spectrum of applications. Some areas of improvement include
pore shapes other than slits and increase transverse direction

tensile strength.

U.S. Patent No. 6,602,593 is directed to a‘microporous
membrane, made by a dry-stretch process, where the resulting
membrane has a ratio of transverse direction tensile strength to
machine direction tensile strength of 0.12 to 1.2. Herein, the
TD/MD tensile ratio is obtained by a blow-up ratio of at least

1.5 as the precursor is extruded.

Summary of the Invention

A microporous membrane is made by a dry-stretch process and

has substantially round shaped pores and a ratio of machine



1.5 as the precursor is extruded. Summary of the
I nvention A mcroporous nenbrane is nade by a dry-
W@ 200e02433pr ocess and has substantially round sPEpE82007/062095
pores and a ratio of machinedirection tensile strength
to transverse direction tensile strength in the range
of 0.5 to 5.0. The nethod of making the foregoing
_ m cropor ous nmenbrane i ncludes the stegs of . extruding
directjopobgRet L nEbr e HbRPbPohE2PPEELFS oI TERG 1 B akPRFIY S
stretchi ng the nonporous precursor, the biaxial .
strengthr éRchhagrangtudfng- & Rachi Ae dThechrbhogdt pét BRKAGI the
and a transverse direction stretching, the transverse
foregotihgenitooponohadinagbaasenihtandeas tbenstebEedfmaehicnading
direction relax. Description of the Draw ngs For the
a polyRefposeooh hbhpstbaki pgethesbpyeahidobiakheleyi stskowhing
in the drawings a formthat is presently preferred; it
the noﬁﬁb?gugn?§é§5993r,hﬁﬁﬁvﬁﬁaxﬁaatsEBb%chﬂMQnEh@muaingob
[Tmted to the precise arrangenents and
machinénaﬁgﬁggggﬁlEEE@?cﬁEﬂ@nanE'g“E?aﬁsb@r@eDPQEQQEQBH of
one enno t

ment o e“instant invention (single ply
stretcgﬁgggﬁﬁﬁgttaghg%é%s% h%r%cEggkogﬁggﬂdg£gagogg%ﬁltaneous

controlled machine direction relax.

Description of the Drawings

For the purpose of illustrating the invention, there is
shown in the drawings a form that is presently preferred; it
being understood, however, that this invention is not limited to

the precise arrangements and instrumentalities shown.

Figure 1 is a photograph of one embodiment of the instant

invention (single ply membrane) .

Figure 2 is a photograph of another embodiment of the
instant invention (multi-ply membrane, plies laminated together

then stretched) .



instant invention (multi-ply nmenbrane, plies |am nated
together then stretched) .Figure 3 is a photograph of
w@ewres3senbodi ment of the instant invention (PEl/UB2007/§62095
menbrane, plies coextruded then stretched) . Figure 4
I's a photograph of a prior art dry-stretched nmenbrane
(single ply menbrane) . Figure 5 is a photograph of a
prior art dry- stretched nenbrane (nulti-ply nmenbrane,
Fhoes ﬁahﬁnat@BOFﬁaﬁaQPr@Fcﬁeafherosgépﬂﬁmﬁaﬁ 8f the
I nvention A mcroporous nenbrane is nade by a dry-
instanst ievehtppocénylandrhasmenbsaast i RILA¢Sr 6asdtyHaged then
pores and a ratio of machine direction tensile
stretchBedeéngth to transverse direction tensile strength in
the range of 0 .5to 4 .0 . A mcroporous nenbrane is
a thin, pliable, polyneric sheet, foil, or film having
a plurality of pores therethrough. Such nenbranes by

FQSuyée@ kg 8 ph@%ogéapﬁtﬁfog BRRbI-Cati-0ngs -sReLY¥dnhRY,
but not limted mass transfer nenbranés, pressure

membraéggg%g#grs,nglkr %ggenenbranes medi cal deV|ces

rochem cal storage devices,
menbranes for use in fuel cells, and the |ike.

Figure 5 is a photograph of a prior art dry-stretched

membrane (multi-ply membrane, plies laminated then stretched).

Description of the Invention

A microporous membrane is made by a dry-stretch process and
has substantially round shaped pores and a ratio of machine
direction tensile strength to transverse direction tensile
strength in the range of 0.5 to 4.0. A microporous membrane is
a thin, pliable, polymeric sheet, foil, or f£ilm having a
plurality of pores therethrough. Such membranes by be used in a
wide variety of applications, including, but not limited to,
mass transfer membranes, pressure regulators, filtration
membranes, medical devices, separators for electrochemical

storage devices, membranes for use in fuel cells, and the like.

The instant membrane is made by the dry-stretch process

(also known as the CELGARD process). The dry-stretch process



The instant nenbrane is made by the dry- stretch
process (al so known as the CELGARD process) . The
wQ@leap70983841 ch process - -refers to a process WhRCEHURINB062095
formation results fromstretching the nonporous
precursor. See, Resting, R, Synthetic Polyneric
Menbr anes, A structural perspective, Second Edition
John VVIey Sc Sons, New York, NY, (1985), page
referspyo- QQPIOFﬁeérwbﬁﬁﬁeBOﬁérépﬁmﬂ§1P€fé?éH &s ﬁﬁem stretching
dry-stretch process is distinguished fromthe wet
the nopportess pmdcpasbircl eSsereKeltpnaceds, &yndihetdss&ylymeric
above. The instant nmenbrane may be di stingui shed from
Membrapekor Adsystureuchéd prerpeandsei, n SatohdagtiitwonwayshnlWyiley
substantially round shape pores, and 2 ) a ratio of
& SonsBRBWNEcEK! eqti on1bensi,| pagkkengbh2bo,t Aarsrebsated herein
direction tensile strength in the range of 0.5 to 4.0.

by rerE2OALd! ngThEedpgreu%@ t@eeeer g8 a&etqtﬂ@h%tle@ %e@m the
as substanti al roun See, Figures 1-3.

wet prBRREsSIARC LR ConLr a5t %%c gg othe sl L shaped por sa%pgfe.

rfor Brt érystre che nes. i'gures
and Resting, Ibid. Further, the pore shape of the
i nstant nmenbrane may be characterized by an aspect

ratio, the ratio of the length to
The instant membrane may be 1st1ngulshed from prior dry-

stretched membranes in at least two ways: 1) substantially round
shape pores, and 2) a ratio of machine direction tensile
strength to transverse direction tensile strength in the range

of 0.5 to 4.0.

Regarding the pore shape, the pores are characterized as
substantially round shaped. See, Figures 1-3. This pore shape
is contrasted with the slit shaped pores of the prior art dry-
stretched membranes. See Figures 4-5 and Kesting, Ibid.
Further, the pore shape of the instant membrane may be
characterized by an aspect ratio, the ratio of the length to the
width of the pore. In one embodiment of the instant membrane,
the aspect ratio ranges from 0.75 to 1.25. This is contrasted
with the aspect ratio of the prior dry-stretched membranes which

are greater than 5.0. See Table below.



wi dth of the pore. In one enbodi nent of the instant
menbrane, the aspect ratio ranges fromO0.75 to 1.25.
wabiog/opss3cont rasted with the aspect ratio of tPET/pg1007/062095
dry- stretched nmenbranes which are greater than 5.0.
See Tabl e bel ow. Regarding the ratio of machine
direction tensile strength to transverse direction
tensile strength, in_one enbodinent, this ratio is
RegEEERIOE St 2510, OFhPachaPFo i §SEbAPPasERE It REERBIED
corresponding ratio of the prior art menbranes which
to trapsvgreat direpanonotenssée Fakbkagbll ow PRe ERPdament,
menbrane nmay be further characterized as follows: an
this ravéoagle petweshnze.bntbhe.pangfhak 0aB3ot ds0c®nBrasted with
mcrons (m); a porosity in the range of 20-80%
the co2Pdbpbnaihfansyebserdihechbirabrt ansi hemdtragegt Whakh is
greater than 250 Kg/cm 2 . The foregoing val ues are

greate?xgﬂahaﬁﬁ.ﬁalug%ea@gbﬁéeb@waLntended to be limting,
and accordingly should be viewed as nerely

representative of the instant membrane. The pol yners
used in the instant nenbrane nay be characterized as

hernopl astic _polyners. These polynmers may be further
R L o 8
enbodi nent, sem -crystalline_polynmer may be_a pol yner
followgavaﬁgagerage pore size in the range of” 0.03 to 0.30
microns (u); a porosity in the range of 20-80%; and/or a
transverse direction tensile strength of greater than 250 Kg/cmz.
The foregoing values are exemplary values and are not intended

to be limiting, and accordingly should be viewed as merely

representative of the instant membrane.

The polymers used in the instant membrane may be
characterized as thermoplastic polymers. These polymers may be
further characterized as semi-crystalline polymers. In one
embodiment, semi-crystalline polymer may be a polymer having a
crystallinity in the range of 20 to 80%. Such polymers may be
selected from the following group: polyolefins, fluorocarbons,
polyamides, polyesters, polyacetals (or polyoxymethylenes),
polysulfides, polyvinyl alcohols, co-polymers thereof, and
combinations thereof. Polyolefins may include polyethylenes

(LDPE, LLDPE, HDPE, UHMWPE), polypropylene, polybutene,



crystallinity in the range of 20 to 80% Such polyners
may be selected fromthe follow ng group: polyolefins,

WO bawooessay bons, pol yam des, pol yesters, pol yace@EUS2000062095
pol yoxynet hyl enes) , polysulf ides , polyvinyl
al cohol s, co-polynmers thereof, and conbi nations
t hereof . Pol yol efins nay include pol yet hyl enes ( LDPE,
LLDPE, HDPE, UHMAPE) |, propyl ene

POlYmeEBY&B@PEﬁBGpoF?ﬁEPHYWSéﬁtE gree p@P?n@@@néﬁngﬁFeognd
bl ends thereof. Fluorocarbons may include polytetraf

Fluorof asbeBe hyeEnene PIRE) PolpsrychEsrorPrthysreet RFFEMe
(PCTFE) , fluorinated ethyl ene propyl ene (FEP)

polychébhytenélubloethiyfleheon8eTRE) ené10ECTRELed ethyllene
tetraf |uoroethylene (ETFE) , polyvinyl idene fluoride

propyléRMDErEp pokyuiyn¢ht tuobirdeiEPMEroethyeEnkuqrCarkoxy
(PFA) resin, co-polyners thereof, and bl ends thereof.

ethyleﬁ@l¥@Hkg§§u8§¥ehﬂ9hﬁg@ EWFE? PBQQVHh?HE@@nEOfluorlde
pol yam de , pol yam de on

(PVDF) pogwg;v!ag{/g@pﬁsrg%*\> Pv%‘)’ pg}gg‘g&&pﬁ%&& (384 blLends

yesters may i'n yest
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(PCT) olyethilene napht hal at e PEN) , and |1, UId
includgy ybkl 256 PREr $1PEERE CoPoPPLUPHdEs Si nEPLYEMiRE: C4Fe
not limted to, polyphenylsulf ide,
Nylon 10/10, polyphthalamide (PPA), co~polymers thereof, and

blends thereof. Polyesters may include polyester terephthalate
(PET), polybutylene terephthalate (PBT), poly-1-4-
cyclohexylenedimethylene terephthalate (PCT), polyethylene
naphthalate (PEN), and liquid crystal polymers (LCP).
Polysulfides include, but are not limited to, polyphenylsulfide,
polyethylene sulfide, co-polymers thereof, and blends thereof.
Polyvinyl alcohols include, but are not limited to, ethylene-

vinyl alcohol, co-polymers thereof, and blends thereof.

The instant membrane may include other ingredients, as is
well known. For example, those ingredients may include: fillers
(inert particulates used to reduce the cost of the membrane, but
otherwise having no significant impact on the manufacture of the

membrane or its physical properties), anti-static agents, anti-



pol yet hyl ene sul fide, co-polyners thereof, and bl ends
t hereof . Pol yvinyl al cohols include, but are not
WO 2097028339 0, et hyl enevi nyl al cohol, co-pol ynmerBCT/US2007/062095
thereof, and bl ends thereof. The instant nenbrane nay
i nclude other ingredients, as is well known. For
exanpl e, those ingredients may include: fillers (inert
~particul ates used to reduce the cost of the nenbrane,
blockingtageRes wi 3BLha9¥hg2RbSsi gHPFLERREST Apactachlihate
manuf acture of the nenbrane or its physica
manufaprepeltiasy, that likeati c agents, anti bl ocki ng agents,
ant i -oxidants, lubricants (to facilitate
manufacture), and the like. Various materials may be
added to the polynmers to nodify or enhance the
VREOBEEt hetePlat BemAPTBEaRdeSUER BREEHbAYRerBCLUBdROdIfY or
br; are not limted to: (1) polyolefins or polyolefin
-1k | t1,A0 tur S - 04Gc:
enhanc%zfﬂ%”ﬁéég%%?ﬂ??e?‘é PO RRLe o SR P ey aeuae,
cal cjum carbgnate, ,zingc oxi .di.a thy .
bue axgopgt TAETFRE"ESR: (&t M Eodtbiegi i be BERgYTeETh B sgomers
, nitride, silicon dioxide, tjtaniumdioxide, .barium,_.
with agupfhLed SPURFAGFERRALORPEIanG A0 im AYMSRREE TafdL1ers
. the |like, and bl ends thereof; (3) Elastoners include, .
includput baEeaniet NPEMLEBATES: tet hfRéREUNpFBEYPBAES) EPRPC ox1de,
et hyl ene -propyl ene -diene
diatomaceous earth, talc, kaolin, synthetic silica, mica, clay,

boron nitride, silicon dioxide, titanium dioxide, barium
sulfate, aluminum hydroxide, magnesium hydroxide and the like,
and blends thereof; (3) Elastomers include, but are not limited
to: ethylene-propylene (EPR), ethylene-propylene-diene

(EPDM) , styrene- butadiene (SBR), styrene isoprene

(SIR), ethylidene norbornene (ENB), epoxy, and polyurethane and
blends thereof; (4) Wetting agents include, but are not limited
to, ethoxylated alcohols, primary polymeric carboxylic acids,
glycols (e.g., polypropylene glycol and polyethylene glycols),
functionalized polyolefins etc; (5) Lubricants, for example,
silicone, fluoropolymers, Kemamide®, oleamide, stearamide,
erucamide, calcium stearate, or other metallic stearate; (6)
flame retardants for example, brominated flame retardants,
ammonium phosphate, ammonium hydroxide, alumina trihydrate, and

phosphate ester; (7) cross-linking or coupling agents; (8)



(EPDM) , styrene- butadiene (SBR) , styrene isoprene
(SIR) , ethylidene norbornene (ENB) , epoxy, and
wegmsssshane and bl ends thereof; (4) Wetting BOEOS207/062095
i nclude, but are not limted to, ethoxylated al cohols,
primary polyneric carboxylic acids, glycols (e.g.,
pol ypropyl ene gl ycol and pol yet hyl ene gl ycol s),
functionalized, pol yolefins_etc 5) Lubric nts fo
polymegyBRBFESSSPA eaﬁ EpALgP pé‘WmE?é éK@ RiGeSg )mg agents
ol eam de, stearan1de erucam de, caIC|un1stearate or
includgnfieberat BRFIeasiagr agent( 6prf PAREPFEPYLERRs f(he instant
exanpl e, brom nated flane retardants, ammoni um
membraphosbha&eeranﬁpabmﬁﬂhyaﬂyxEde;uébanana beitthy duatleatand
phosphate ester,- (7) cross -linking or coupling
polypraégentas éB)ﬁQbyWBEeﬁrmaeﬁssngpatdntamd ( 8), 6Any sPypes
of nucleating agents including beta-nucl eating agent
incorpbehtpal ¥RL-epyl sperefEhentast ant peeAbhare caftewEVer,
specifically excludes any beta-nucl eated pol ypropyl ene

polypreﬁggbﬁglgéeg EﬂbgtgncgaE ?E HQusésGQéeS%%eatlon of beta

or porate erein by reference t a- nucl eat ed
ropyl ene i bstance that causes the creation
CrYStag? ﬁgtggx¥9§PngePﬁ golypropylene.) The i nst ant
menbrane nmay be a single ply or mult i-ply nenbrane.
Regarding the multi-ply nenbrane, the instant

The instant membrane may be a single ply or multi-ply
membrane. Regarding the mulﬁi—ply membrane, the instant
membrane may be one ply of the multi-ply membrane or the instant
membrane may be all of the plies of the multi-ply membrane. If
the instant membrane is less than all of the plies of the multi-
ply membrane, the multi-ply membrane may be made via a
lamination process. If the instant membrane is all plies of the
multi-ply membrane, the multi-ply membrane may be made via an
extrusion process. Further, multi-ply membranes may be made of

plies of the same materials or of differing materials.

The instant membrane is made by a dry-stretch process where
the precursor membrane is biaxially stretched (i.e., not only
stretched in the machine direction, but also in the transverse
machine direction). This process will be discussed in greater

detail below.



menbrane may be one ply of the nulti-ply nmenbrane or
the instant nenbrane may be all of the plies of the
woreiorio983By nmenbrane. |f the instant nenbrane iBCT/ES%07/062095
than all of the plies of the multi ply nenbrane, the
mul ti-ply nmenbrane may be made via a | am nation
process. If the instant nenbrane is all plies of the
multi-ply menbrane, the nulti-ply nmenbrane may be nade
via an extrusion process. Further, nmulti-ply nmenbranes
may be nmade of plies of the sanme materials or of
Idi féeerad, maher pabsessTheri ngkanyg trbebLfamegiod ngadempyane
a dry- stretch process where the precursor nenbrane is
includbkakhal kyeptr efcbhedr(idiag, anabneblypust petehedokn the then
machi ne direction, but also in the transverse nmachi ne
biaxiam?egu_»ee):hmﬁhItﬁeph@ﬁ?&owsl bréeudisseusseptibnanest ethe
ail below I'n general, the process for making the
nonporEHEGQQEBQrQBQbEQge Enghgggg Er&h?p%oogt§éEEHQh@g aTn one
onp rous precur en biaxially stretching the
ecur rClgt enal the_ngn

r
embOdlB?E urggF Eﬁﬁxﬁg aﬁﬁeale lnglé CEEISEr &t & F%ﬁnelglIECtlon
enbodi nent, the biaxi al stretchl g_inclu es a machi ne
stretchi ABg: Poh*ePFEEERCARG B BRs Var o 2P LBBLTGRORIER

si mul taneous controlled machine direction relax. The
contropaeli pachiipecdiggction relax. The machine direction

stretch and the transverse direction stretch may be simultaneous
or sequential. In one embodiment, the machine direction stretch
is followed by the transverse direction stretch with the

gimultaneous machine direction relax. This process is discussed

in greater detail below.

Extrusion is generally conventional (conventional refers to
conventional for a dry-stretch process). The extruder may have
a slot die (for flat precursor) or an annular die (for parison
precursor). In the case of the latter, an inflated parison
technique may be employed (e.g., a blow up ratio (BUR)).
However, the birefringence of the nonporous precursor does not
have to be as high as in the conventional dry-stretch process.
For example, in the conventional dry-stretch process to produce
a membrane with a > 35% porosity from a polypropylene resin, the

birefringence of the precursor would be > 0.0130; while with the



stretch and the transverse direction stretch may be
si mul taneous or sequential. In one enbodi nent, the
wore@mnoss3di rection stretch is foll owed by the PCT/US2007/062095
transverse direction stretch with the sinultaneous
machi ne direction relax. This process is discussed in
greater detail below Extrusion is generally
, conventi onal %C nventi.onal refers._to_conventional for
instant BFOCCSey of B HRECELTSCrTRe bk EPGAEF RS HEVETaCEIGE P
di e éfor flat precursor) or an annular die (for
as lowpapi 8oAlPPecufBoPJIOLhEN EHEMRASe 6f TERETPALt ¥ithaf > 35%
i nflated parison technique may be enpl oyed (e.g., a
porosibiofirap mappPdyEBUR]LEne Hewéver thehéibefefingegercefofthe
t he nonporous precursor does not have to be as high as
precurkbrt feutanventi onabsdrywatidet ghthr ahessnskanteyaopkss, the
in the conventional dry- stretch process to produce a
birefriBfbBhanecw theapr 35%UrpREBS bypufiGomeaaROhYR aRYyloene40.
resin, the birefringence of the precursor would be >
0.013 0 ; while with theinstant process, the
bi refri ngence of the PP precursor could be as | ow as

0.01 I othe exa r Wi.t h %
aPodry Bty BER)EneSr EEP B8R b o afifmens
of precur sor woul % 0280:; mh e wth th

at temPﬁ§P5HFeﬁr BEE¥ser; fa- %?r%fﬂl gemce of Wﬁﬁe%éﬁu?%rmelt

coul d be as | ow as 0.0240.
temperature of the polymer); and in another embodiment, at

temperatures between T,-50°C and Tp-15°C. Some materials, e.g.,
those with high crystallinity after extrusion, such as

polybutene, may require no annealing.

Machine direction stretch may be conducted as a cold
stretch or a hot stretch or both, and as a single step or
multiple steps. In one embodiment, cold stretching may be
carried out at < T,-50°C, and in another embodiment, at < Tn-
80°C. 1In one embodiment, hot stretching may be carried out at <
Ta-10°C. In one embodiment, total machine direction stretching
may be in the range of 50-500%, and in another embodiment, in
the range of 100-300%. During machine direction stretch, the

precursor may shrink in the transverse direction (conventional).



Anneal ing (optional) may be carried out, in one
enbodi nent, at tenperatures between Tm 80C and Tm 10C
W@ 0283 i s the nelt tenperature of the pol yneel/pSant062095
i n anot her enbodi ment, at tenperatures between Tm 50C
and Tm 15C. Sonme materials, e.g., those with high
crystallinity after extrusion, such as polybutene, may
requi re no _anneal ing. Machine direction stretch may be
Tronduered asractdéra skretehivg anRéHIser 8t SAMHL CBBERYS
and as a single step or nmultiple steps. In one
controghbddinaehinecdidestienchengxmyThéscarpnedtbat as &he
Tm 50C, and in anot her enbodinent, at < Tn,- 800 C.
precursfrone egbedchedt inhehestrehshiengendyrbetdanr itbd putcursor
at < Tm10C. In one enbodi nent, total machine
is simdit8akbaB1§t é@&@b@éﬁgtaazéoheraatt he .eangee0ktx50- 500%
and i n anot her enbodinent, in the range of 100-300%

controgﬁéangaﬂﬁgb'n?ndkhéchhgﬂlﬁErQEQQCtEB% Pregur $@6nBB¥rse

the transverse direction (conventional)

d t
e T
means t hat t h [ h
Step, PFafsyer éngsﬁgefpgr% gsprgbﬁpé%:%tE lW%PFan§8E§Iy

allowed to contract (i.e., relax), in_a controlled
transvagAfefiTPALERE ﬁﬁéﬁwﬁélaer@évuéﬁ ihé&ber ZREgEr 96 100~

1200%, and in another embodiment, in the range of 200-900%. 1In
one embodiment, the controlled machine direction relax may range
from 5-80%, and in another embodiment, in the range of 15-65%.
In'one embodiment, transverse stretching may be carried out in
multiple steps. During transverse direction stretching, the
precursor may or may not be allowed to shrink in the machine
~direction. In an embodiment of a multi-step transverse
direction stretching, the first transverse direction step may
include a transversgse stretch with the controlled machine relax,
followed by simultaneous transverse and machine direction
stretching, and followed by transverse direction relax and no

machine direction stretch or relax.

Optionally, the precursor, after machine direction and
transverse direction stretching may be subjected to a heat

setting, as is well known.



direction stretching my be conducted as a col d step,
or a hot step, or a conbination of both. In one
wepdsoddssent , total transverse direction stret cPCHYSI08Y062095
be in the range of 100- 1200% and in anot her
enbodi nent, in the range of 200-900% In one
enbodi nent, the controlled machi ne direction relax may
range from5-80% and in another enbodi nment, in the
range of 15-65% In one enbodi nent, transverse
stretching may be carried out in nultlple st eps.
Tbﬁrﬁﬁﬁeﬂpaﬁgv@?gérépﬁeépﬁoﬁr§Fﬁ§§cHFﬁgfuﬁﬁ@eﬁréé&ﬁ§6ﬁat9d
may or may not be allowed to shrink in the machine
in thedfpédbivong hpnapdisdbddiomerempfies.nulti-step transverse
direction stretching, the first transverse direction
step may include a transverse stretch with the
controll ed machi ne relax, followed by sinultaneous
transverse and machi ne E&éﬁﬁjé@ﬂ stretching, and
foll owed by transverse ditection relax and no machi ne
Tﬂ%f %%ts'to(} $hest ¢RLRL 68l APl ! ‘Eﬂfi'chaﬁe lhe gB&%%%%;Or
ine direction and fransverse direction
str tch| may -b ect d to_a he et t.i ng,
tensilg F%rﬁﬁg\%% TRy SP B ang et AR5 anT o deaed ghs foltows:

further |IIustrated in the following non-limtin %
thlckn§§§n6§ D374 using the Emveco Microgage 210-A mlcrometer;

porosity-ASTM D-2873; tensile strength-ASTM D-882 using an
Instron Model 4201; and aspect ratio-measurements taken from the

SEM micrographs.

The following examples were produced by conventional dry-

stretched techniques, except as noted.

Example 1. Polypropylene (PP) resin is extruded using a 2.5
inch extruder. The extruder melt temperature is 221°C. Polymer
melt is fed to a circular die. The die temperature is set at
220°C, polymer melt is cooled by blowing air. Extruded
precursor has a thickness of 27 p and a birefringence of 0.0120.
The extruded film was then annealed at 150°C for 2 minutes. The
annealed film ig then cold stretched to 20% at room temperature,
and then hot stretched to 228% and relaxed to 32% at 140°C. The

machine direction (MD) stretched film has a thickness of 16.4



Exanpl es The test val ues reported herein, thickness,
porosity, tensile strength, and aspect ratio, were
wa@ledozovadsed as foll ows: thickness - ASTM D3 74 RGI/O82001e62095
Emveco M crogage 210-A microneter; porosity-ASTM
D-2873; tensile strength-ASTM D-882 using an Instron
Model 4201; and aspect ratio-neasurenents taken from
_ the SEM micrographs . The foll ow ng exanples were
micronp(Bducedbporenvéiit PEnaPb 3dr yStret®hédreéchsidqiddm 1is then
except as noted. Exanple 1 . Polypropylene (PP) resin
transvegsextiiudetioni ngDa 2tEetrbiederPGdert. 1FRE Cextithidd relax
nelt tenperature is 221C. Polymer nelt is fed to a
of 50%CirCchkafidiehedhéidimehbenpetativkeciss o€t 1at. 122Dc@Cns, and
pol yner nmelt is cooled by blow ng air. Extruded

porosiﬁ?eéﬁrgﬁ%.hﬁﬁ aechBligknessealtA7 o #Rdignkar efinngenceo

of 0.0120. The extruded filmwas then anneal ed at 150

Kg/cm? 0C 0L Rigfpytes. The annealed filmis then cold
stretched”to 20% at roomtenperature, and then hot
stretched to 228% and rel axed to 32% at 140 0 C . The
machi ne direction (MD) stretched filmhas a thickness

=EePBiEndd PRLNPTEPYIERS ARy EFLdPaf FoFtieaH dpToping a 2.5
ransverseidi-feltS i ) ]
stretched 300% at 140 OC with MD rel ax
inch extruder. The extruder melt temperature is 220°C. Polymer
melt is fed to a circular die. The die temperature is set at
200°C, polymer melt is cooled by blowing air. Extruded
precursor has a thickness of 9.5 p and a birefringence of
0.0160. HDPE resin is extruded using a 2.5 inch extruder. The
extruder melt temperature is 210°C. Polymer melt is fed to a
circular die. Die temperature is set at 205°C, polymer melt is
cooled by air. Extruded precursor has a thickness of 9.5 p and
a birefringence of 0.0330. Two PP layers and one PE layers are
laminated together to form a PP/PE/PP tri-layer f£ilm. Lamination
roll temperature is 150°C. Laminated tri-layer £ilm is then
annealed at 125°C for 2 minutes. The annealed f£ilm is then cold
stretched to 20% at room temperature, and then hot stretched to
160% and relaxed to 35% at 113°C. The MD stretched f£ilm has a
thickness of 25.4 micron, and porosity of 39%. The MD stretched

film is then TD stretched 400% at 115°C with MD relax of 30%.

The finished film has a thickness of 19.4 microns and porosity

- 15 -



of 50% The finished filmhas a thickness of 14.1
m crons, and porosity of 37% TD tensile strength of
WO perevssa fil mis 550 Kg/cm 2 . See Figure 1 .PERHAPDE062095
2 . Polypropylene (PP) resin is extruded using a 2.5
inch extruder. The extruder nelt tenperature is 2200C
Polymer nelt is fed to a circul ar die. The die
tenperature_is set at_ 200 , melt is_cool ed
of 63%py o\?\ﬁ?ﬂgl%ﬁirStEﬁFEEBerp?éEHF%Q %éémalﬁhPéQnggécEﬁ‘f See
9.5 mand a birefringence of 0.0160. HDPE resin is
FigureeXtruded using a 2.5 inch extruder. The extruder nelt
tenperature is 210 0 C. Polymer nelt is fed to a
circular die. Die tenperature is set at 205 0C ,
pol ymer nmelt is cooled by air. Extruded precursor has
ERahpileknesspobe8ih Ahandperbiceefihi Bgeneetetid@d03sdng a co-
Two PP | ayers and one PE | ayers are | am nated together

extrusRaneig]QOPEE?E/gpréPEvgﬁeErELhgyeka@hmﬁt'OEXEQEher melt

enperaturels Lam nated tri-layer filmis

temperhf8PL2RO0RALEA 181 23256 T OhaZ HLOMLES. niie RORBRLEULL b

> e Letched room tenper ture
. then_hot stretched to 160% and .rel axed t 5% at 1
PE i g4 0CTBOMEeE BELhedst LA naSs CPhPe kAo e Rt Eabny Bt

' m cron, and porosity of 39% The MD stretched
which is set at 198°C. Polymer melt is cooled by blowing air.

The extruded film has a thickness of 35.6 microns. The extruded
precursor is then annealed at 125°C for 2 minutes. The annealed
film is then cold stretched to 45% at room temperature and hot
stretched to 247% and relaxed to 42% at 113°C. The MD stretched
film has a thickness of 21.5 microns and porosity of 29%. The
MD stretched film is then TD stretched 450% at 115°C with 50% MD
relax. The finished film has a thickness of 16.3 microns and
porosity of 59%. TD tensile strength of finished film is 570

Kg/cm?.

Example 4. PP resin and HDPE resin are co-extruded and MD
stretched the same way as in example 3. The MD stretched film
is then TD stretched 800% at 115°C with 65% MD relax. The
finished film has a thickness of 17.2 microns and porosity of
49%. TD tensile strength of finished film is 730 Kg/cm?. See

Figure 3.

- 16 -



filmis then TD stretched 400% at 115C with ND rel ax
of 30% The finished filmhas a thickness of 19.4
wor@rovssiand porosityof 63% TD tensile strengk¢il/v§2007/062095
finished filmis 350 Kg/cm 2. See Figure 2 . Exanple 3
PP resin and HDPE resin are extruded using a
coextrusion die to forma PP/PE/PP tri-layer film
Extruder nelt tenperature for PPis 243 0 C, and
extruder nelt tenperature for PE is 214 0C . Polyner
nmelt is then fed to a co-extrusion die which is set at
Ex98p0€ 5.PBPyrerinebnd §Bcyskad BycebhrahirHges Bsingea co-
extruded filmhas a thickness of 35.6 mcrons. The
extruseérhr dded pEstunser mslthéempemealed forlPPCiktoR32°C, and
m nutes. The annealed filmis then cold stretched to
extrudé2%mat tr gem penper avgre . andoh@inest metlehed thed F¥dand a
relaxed to 42% at 113 OC . The MD stretched filmhas a

co~ext§h5§5ﬂe§§e0@hgéh5i@i%EQnétaQQOp@ﬂOsbbﬁgﬁgrz%%ltTh%_M@en
stretched filmis then TD stretched 450% at 115C with

Sgo g@ h X -¥he &' i i hi.c f
led [§h8%s Al shed E E hag & CKRESH @ £
cootedy .%03 mocroﬁs and porosity i gbf@/o fIhD tatgngl l'e st rner“?gstr?
of finished filmis 570 Ka/cn? .. Ex le 4 . PP resi
36.0 ngioPBpE s i CAFECEs PR TABE 4o OBTs FREEASE Pire 105°C
same way as_in exanple 3,. The MD stretched film
for 2 minutes. The annealed film is then cold stretched to 20%,
and then hot stretched at 105°C to 155% and then relaxed to 35%.
The MD stretched film is then TD stretched 140% at 110°C with
20% MD relax. The finished film has a thickness of 14.8 microns

and porosity of 42%. TD tensile strength of finished film is

286 Kg/cm?.

Example 6. PP resin and PE resin are extruded using a co-
extrusion die to form a PP/PE/PP trilayer film. Extruder melt
temperature for PP is 245°C, and extruder melt temperature for
PE is 230°C. Polymer melt is then fed to a co-extrusion die
which is set at 225°C. Polymer melt is cooled by blowing air.
The extruded film has a thickness of 27 microns and a
birefringence of 0.0120. The extruded precursor is then
annealed at 115°C for 2 minutes. The annealed film is then cold
stretched to 22% at room temperature and hot stretched to 254%

and relaxed to 25% at 120°C (total machine direction stretch =

- 17 -



is then TD stretched 800% at 115 OC with 65% MD r el ax.
The finished filmhas a thickness of 17.2 m crons and
WQEorosvas3y of 49% TD tensile strength of fini sPEUSI00T062095
is 730 Kg/cm2 . See Figure 3 .Exanple 5 . PP resin
and PB resin are extruded using a coextrusion die.
Ext ruder nelt tenperature for PP is 2300 C, and
. uder nel t P 06 0OC |y hen
25100 . SXHhERD TRLL EREPRN5, 898, O ns LI, SIEHE KSLASE ang
Polymer nelt is then cooled by blowing air. The
porosigyt Plidédti | ARalPa StHPERRESs TafM36 50 thiegr 3Rs Styréched
extruded precursor is then annealed at 105 0C for 2
260% afi a@pes. wihb affedPedeflpkm i£olibwedc dlvd aseiandiredess MD
20% and then hot stretched at 105 0OC to 155% and t hen
and TDr ektagedht of359% Ihe WDest iat eheth Hiikexitionhem IB0°C, and
stretched 140% at 110 OC with 20% MD rel ax. The

finall¥i Bhehed1fi kB hasga rhicknesseotnl4.18 0%i) CEOBS aandwed to
porosity of 42% TD tensile strength of finished film

relax 59.8864 §9£ﬁg‘%D aEXAMRLG e ra t BRe €% A 33R6: PET&%SEEnﬁ%%ed

extruded using a coextru5|on die to forma PP/PE/

film h%rlla¥g ]L:nfarudertl;7u%e eraggggﬁﬁE%rgﬁ ;ggas %%5

melt
| t then fe 0 co-extrusi n dle
ten81le s rengng 1nEs % Em %s 513 Kg/cm 2

Example 7. PP resin and PE resin are extruded using a co-
extrusion die to form a PP/PE/PP trilayer film. Extruder melt
temperature for PP is 222°C, and extruder melt temperature for
PE is 225°C. Polymer melt is then fed to a co-extrusion die
which is set at 215°C. Polymer melt is cooled by blowing air.
The extruded film has a thickness of 40 microns and
birefringence of 0.0110. The extruded precursor is then
annealed at 105°C for 2 minutes. The annealed film is then cold
stretched to 36% at room temperature and hot stretched to 264%
and relaxed to 29% at 109°C (total machine direction stretch =
271%). The MD stretched film has a thickness of 23.8 microns
and porosity of 29.6%. The MD stretched film is then TD
stretched 1034% at 110°C with 75% MD relax. The finished film
has a thickness of 16.8 microns and porosity of 46%. TD tensile

strength of finished film is 1037 Kg/cm®.



which is set at 225 0C . Polynmer nelt is cool ed by
bl owi ng air. The extruded film has a thickness of 27
wor@rovssiand a birefringence of 0.0120. The exeeUU8H07/062095
precursor is then annealed at 115 OC for 2 m nutes.
The annealed filmis then cold stretched to 22% at
roomtenperature and hot stretched to 254% and rel axed
to 25% at 120 OC (total machine direction stretch
=251% . The MD stretched filmhas a thickness of 15
m crons and porosity of 16% The MD stretched filmis
InheheTHodLpeinHedaPdgytae r8eMdESWrLh thgvtMDegeiag,
foll owed by a sinmultaneous MD and TD stretch of 50%
experimadt216%ei ruemelridiedeenidonoapat8® @oCtwoardmierslibyly
the filmis held fast in the MD (100% and allowed to
availabgkarrb?s6¥etahkle méRbatna st eapecaLereDd 2130 Q€ingllkeply
finished filmhas a thickness of 7.6 mcrons and
po 1yprB@S/QéhEy mefhp8d%e) TDSE%” %"1?@1”@ genghb eff Heicaked bizlom
513 Kg/cm 2 . Exanple PP resin and PE resin are

i h o R Ty O

and extruder nelt tenperature for PE is 225C

5 Polyner melt is then fed to a co-extrusion die which
is set at 215C. Polyner nelt is cooled by blowng air.
The extruded film has a Blfness of 40 microns and
TD Tensile Tensile
D Thickness strength strength MD/TD Aspect
§_g_re-t-2:—hinq (um) Porosity | (kg/cm”) (kg/cm?) | tensile ratio | ratio
A N/A 25.4 37% 160 1700 10.6 6.10
B N/A 25.1 40% 146 1925 13.2 5.50
Ex1 300% 14.1 37% 550 1013 1.8 0.90
Ex 2 400% 19.4 63% 350 627 1.8 0.71
Ex 3 450% 16.3 59% 570 754 1.3 -
Ex 4 800% 17.2 49% 730 646 0.9 0.83
Ex 5 140% 14.8 42% 286 1080 3.8 -
Ex 6 418% 7.6 52% 513 1437 2.8 --
Ex7 1034% 16.8 46% 1037 618 0.6 --

The present invention may be embodied in other forms
without departing from the spirit and the essential attributes
thereof, and, accordingly, reference should be made to the
appended claims, rather than to the foregoing specification, as
indicated the scope of the invention. Further, all numerical
ranges set forth herein should be considered as approximate

ranges and not necessarily as absolute ranges.
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bi refringence of 0.0110. The extruded precursor is
then anneal ed at 105 OC for 2 mnutes. The anneal ed
WO 200098334 hen col d stretched to 36% at room t ePEEDS1007/@62095
and hot stretched to 264% and rel axed to 29% at 109 0C
(total machine direction stretch = 271% . The M
stretched filmhas a thickness of 23.8 m crons and
orosity of 29.6% The MD stretched filmis then TD
We claBfy erched 1034%at H OOC with 75% D rel ax. The
finished filmhas a thickness of 16.8 m crons and
porosity of 46% TD tensile strength of finished film
is 1037 Kg/cm2 .In the following table the results of
1t he RomegbibAgoéxpekiimgntsmacsoponrasi netbaatec opppreding
to two comrercially avail able dry-stretched nenbranes:
the stép}p GELGARD (r) 2400 (single ply polypropyl ene
menbrane), See Figure 4 ; and B ) CELGARD (r) 2300
(tri exi;;@ma&nQOlay@ngmb@n%@@I yehbyberelrobyrcop¥benNehnd
, see Figure 5 . TABLE The present invention may be
enbogdi:ed;i t i-t,ho i he
it S A S s e R IR i TS
. ._accordinagl ref erence shoul d. h
oiaxiady GREEV ORI NG SRLTLATRE BBMFELBE MRE Bskdohy BeaRRER IR ana

oregoi n I'cati1o

a transverse direction stretching, the transverse direction

including a simultaneous controlled machine direction relax.

2. The method of claim 1 wherein the polymer excludes any
oils for subsequent removal to form pores or any pore-forming

materials to facilitate pore formation.

3. The method of claim 1 wherein the polymer being a

semi-crystalline polymer.

4. The method of claim 1 wherein the polymer being
selected from the group consisting of polyolefins,
fluorocarbons, polyamides, polyesters, polyacetals (or
polyoxymethylenes), polysulfides, polyvinyl alcohols, co-

polymers thereof, and combinations thereof.
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i ndi cated the scope of the invention. Further, al
numeri cal ranges set forth herein should be considered
W@200a/09838%i mat e ranges and not necessarily as BGBUB2008062095
ranges. W claim: 1 . A nethod of making a m croporous
menbrane conprising the steps of : extruding a polyner
into a nonporous precursor, and biaxially stretching
t he nonporous precursor, the biaxial sttetchin%
5t ncl GAenge bl REcREnElBiRedt FHRCEEFeFERPRESARE 40e step of:
transverse direction stretching, the transverse
di r eannealingl giengon-pProlsaneegyreont pSkead erazhidaag and
direction relax. 2 . The nethod of claim1 wherein the
beforepbliyretaleycktdeschhngoi |l s for subsequent renoval to
formpores or any pore-formng materials to facilitate
pore formation. 3 . The nethod of claim 1l wherein the
pol ymer being a sem -crystalline polynmer. 4 . The

set hedoofechahmot whghigi B LAerBOLYABh DG A BeliGgt ed
fromthe group consisting of polyolefins,

f
I n.d , I o
conauc LHORECS: RaNBersPOL YA IER, BALUESLEL 1, BOLYSEE Al S 0ec.
al cohol s, co

7. The method of claim 1 wherein biaxially stretching
comprising the steps of:
machine direction stretching, and
thereafter transverse direction stretching including a

gsimultaneous machine direction relax.

8. The method of claim 7 wherein machine direction

stretching being conducted either hot or cold or both.

9. The method of claim 8 wherein cold machine direction

stretching being conducted at a temperature < Ty-50°C.

10. The method of claim 8 wherein hot machine direction

stretching being conducted at a temperature < T,-10°C.

11. The method of claim of claim 1 wherein the total

machine direction stretch being in the range of 50-500%.



pol ymers thereof, and conbi nations thereof.5 . The
nmet hod of claim 1 further conprising the step of:
w@eeeabdssy t he non- porous precursor after extrRdi/OgoarTeb2095
before biaxially stretching. 6 . The nethod of claim5b
wher ei n anneal i ng being conducted at a tenperature in
the range of Tm80C to Tin -100C . 7 . The nethod of
claim1 wherein biaxially stretching conprising the
steps of: machine direction stretching, and thereafter
transverse direction stretching including a
18i nulhanwetbomaehi réadir écwhemeial ke gotathgrapsiedse
of claim7 wherein machine direction stretching being
directtondatkredcii bkenghatr checeobdger olfotlld0-2200F%he net hod
of claim8 wherein cold machine direction stretching
bei ng conducted at a tenperature < Tm50C. 10. The
met hod of claim 8 wherein hot nachine direction

1§tre%ﬁE'ﬂgtﬁéan%fC%@QH%tdeﬁkrélheﬁﬁ%r%%%hﬁn§ 1 L@E1ion
11. The nethod of claimof claim1l wherein the total

relae B SR R Eoi 8P %l arm 1 whor ein the total

transverse direction stretch being in the range of
100- 1200%

14. A membrane comprising:
a microporous polymer film made by a dry-stretch
process and having substantially round shaped pore and a ratio
of machine direction tensile strength to transverse direction

tensile strength in the range of 0.5 to 5.0.

15. The membrane according to claim 14 wherein said

polymer being a semi-crystalline polymer.

16. The membrane according to claim 14 wherein said
polymer being selected from the group consisting of polyolefins,
fluorocarbons, polyamides, polyesters, polyacetals (or
polyoxymethylenes), polysulfides, polyvinyl alcohols, co-

. polymers thereof, and combinations thereof.
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13 . The nethod of claim1 wherein the machi ne
direction relax being in the range of 5-80% 14. A
WOreosga3so conpri si ng: a m croporous pol yner fiPOT/msade7/062095
by a dry- stretch process and having substantially
round shaped pore and a ratio of machine direction
tensile strength to transverse direction tensile
strength in the range of 0.5 to_5.0. 15 . The nmenbrane
ldccotHEngerbrersi ﬁ]cgf«@r\%l’ré‘ﬁeltﬁ’ §&F‘&“b&l4yﬁ@ﬁrﬁé%§‘naaverage
sem -crystalline polynmer. 16 . The nenbrane according
pore sfgecPii Arid WRETrOPRreHicd Pedlyeer fBdimgedaidedtedher smnge of
the group consisting of polyolefins, fluorocarbons
0.03 tpobyani désyropel.yesters, polyacetals (or
pol yoxynet hyl enes) , polysulf ides, polyvinyl
al cohol's, co polyners thereof, and conbi nati ons
thereof. 17 . The nenbrane according to claim 14

1wher ehp ﬁ@m%!%h@gﬁc%%&%;%bz%ooEléahd1@'Q&@ﬂ%&%U%ald
polymer filmbeing in the range of 0.03 to 0.30

. n e._a
micropBeES ey igr, FILELses ;ceotding Lo, bt Dulde of 2o-
porosity in the range of 20- 80%

80%.
19. The membrane according to claim 14 wherein said
substantially round shaped pores having an aspect ratio in the

range of 0.75 to 1.25,

20. The membrane according to claim 14 wherein said

transverse tensile strength being > 250 Kg/cm?.

21. A battery separator comprising the membrane of claim

14.

22. A multi-layered membrane structure comprising the

membrane of claim 14.

23. The membrane according to claim 14 wherein said dry-

stretched process excludes the use of oils for subsequent
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19. The nenbrane according to claim 14 wherein said
substantially round shaped pores havi ng an aspect
WO 2007094369 t he range of 0.7 5 to 1.25. 20. The PERORANT062095
according to claim14 wherein said transverse tensile
strength being :> 250 Kg/cm2 . 21. A battery
‘separator conprising the nenbrane of claim14. 22. A
mul ti -1 ayered nenbrane structure conprising the ,_,
removabphfr AREMOPOELSi AF1BOT ez 3OITHRG W@r‘?ﬁﬁ-’&ﬁésag&rf&icﬁ&ltté‘te
claim 14 wherein said drystretched process excl udes
pore fpxmagienoef oils for subsequentrenoval to form pores or
pore-formng nmaterials to facilitate pore formation.
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