;e3e| 62Tf}}19~I ~NI ~I ~m 2000. 008A MULTI LAYER BATTERY SEPARATORS * 00002*
Rel ated Application This application is a continuation of co-pending

application Serial No. 09/484,184 filed‘January 18, 2000. Fiel
I nvention This invention relates to battery separators, in par ﬂ’lllmlllmmmllwmlm
battery separators with inproved strength properties and nethods fQr_naking
sane. Background of the Invention Mcroporous filmbattery separat of&are
used, b By V@ %Rus batteries, particularly rechargeable batteries, such as
lithium batferies. Such battery separators allow el ectrol yt eamlmwmmmm’mm
through the battery sep j | i ont act

el ectrodes of opposite éﬁﬁ%f&ﬁaﬁ%%#%ﬁ%ﬁ%porous fil mgoEprises
one or nore |ayers of mcroporous nenbranes. In lithiumbatteries)
particularly secondary lithiumbatteries (rechargeable [ithiumbatteries),
over heati ng problens can occyr .and use thermal runaway in the battery.
Thus, shutdown separators we rxﬁif—épi&f‘éa—Ep#f(E)r‘«‘/ent thermal runaway. See
e.g., U.S Patent No. 4,650,730 and U.S. Patent No. 4,731,304. A shutdown
battery s&pafadBPlhaataomi dFoporens LmERiane afhao Rsbing tappbieat hena
tenperature substantially lower than the tenperature that coul d cause

t hergatrialinboay0pP N4 8helBrt Hidemdodetrwayy S@mve 200Q.i | ayer shut down separators
are known in the art. For exanple, U S. Patent No. 4,650,730 discloses a

bi |l ayer battery separator having an unfilled m croporous sheet and a filled
m croporous sheet. Each sheet is fornmed separately by an extraction process

using a suitable solvent. ThesiWOoR EHLEPOHIHSL ion

This invention relates to battery separators, in particular to
battery separators with improved strength properties and methods

for making same.

Background of the Invention

Microporous film battery separators are used in various
batteries, particularly rechargeable batteries, such as lithium
batteries. Such battery separators allow electrolytes to cross
through the battery separators while preventing any contact between
electrodes of opposite polarity. Typically, the microporous film

comprises one or more layers of microporous membranes.

In lithium batteries, particularly secondary lithium batteries
(rechargeable lithium batteries), overheating problems can occur
and cause thermal runaway in the battery. Thus, shutdown

separators were developed to prevent thermal runaway. See e.g.,



sheets are then | am nated together to formthe shutdown separator. The

Cel gard battery separators, which have been commercially available for a
nunber of years, are typically formed by a stretch nethod. For exanple, a
non- por ous tubul ar pol ypropylene filmis first formed by blown film
extrusion. The tubular filmis collapsed onto itself to forma non-porous
flat sheet having two pol ypropylene plies. Optionally, the die assenbly is
rotabed shoukye th Stingsbhespubyhag kil BhsamewhRl 4,0 sRReugnt and renove
wri nkl es ‘and uneven di stribution so that the surfacé of 'the filmis

b Lal |l h. The f h i h I d d
R G A T o S e

de-plied into two | ayers of nicrogorous,battery separator. Nornmally, the
adhesi drPeeee cahel weBHPERELHRE SuPstantéslily dRwen] dhadhddre hdiPgeature
sufficiently Il ow such that the two plies can be separated w t hout danmagi ng
t he phaescokbdevausewhbaraasepanavey havihg thichiayepatdferyhe ni cr oporous
pol ypropyl ene filmis desired, the adhesion force can be higher, e.g., 5
granms/inch to about 35 grans/inch, which can be caused by, e.g., bonding
the plies after collapsing the tubular film U S. Patent No. 5,691, 077

di scl osesggmd ik By €1 apatt ahycsepar abphrakbra RS &R arpadidmente di sghpsed
therein, the separator has a pol ypropyl ene-pol yet hyl ene- pol ypr opyl ene

consiyuetion, yaad bétgﬁeepr. hag%ggtygeggggg}g%@ ggbrﬁl&é%gﬂhg%}% ers.

Each™m ct oporous’ | ayer s forme process ve
involving a de-plying step..U.S. Patent No. 5,6691,047 al sq di.scloses a
nicr%%%?%%%ofr?$5¥%9 BBtP§F§9%88aPéFSPpﬁ§9Fﬁgsge &IfﬁF@ﬁyﬁEﬂéfﬁ%lyethylene
pol ypropyl ene construction. A IuraLitéQOf non- por ous _si ngl e | ayered

pr eclikSBPROEPES f PReRL ext FRABISB§CEadf EREFES GFPRRE SHoh PorBus singl e

| ayers are | am nated and bonded together into a
extraction process using a suitable solvent. The two microporous

sheets are then laminated together to form the shutdown separator.

The Celgard@ battery separators, which have been commercially
available for a number of years, are typically formed by a stretch
method. For example, a non-porous tubular polypropylene film is
first formed by blown film extrusion. The tubular film is
collapsed onto itself to form a non-porous flat sheet having two
polypropylene plies. Optionally, the die assembly is rotated
slowly twisting the tubular film somewhat to prevent and remove
wrinkles and uneven distribution so that the surface of the film is
substantially smooth. The flat sheet is then annealed and
stretched to impart microporosity therein. The two microporous
flat sheets are then de-plied into two layers of microporous

battery separator. Normally, the adhesion force between the two
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precursor of a polypropyl ene-pol yet hyl ene- pol ypropyl ene structure. The
precursor is then annealed and stretched to forma mcroporous trilayer
battery separator. -3 A nunber of co-extrusion processes for naking

mul tilayer battery separators have al so been proposed. For exanple, UK

Pat ent Publication No. GB 2,298,817 describes a mcroporous trilayer
battery separator made by co-extruding a trilayer film precursor having a
non- S, po r epe-pol yl.ene- pal. ypr ene_caonstruyction.using a
T-dﬂgﬁigﬁnégl+%§ ?gékt?ﬁ?ggeﬁe%?eggrgg??kéﬁgggﬁgh §??§¥5%}Eg“¥hgjgﬁﬂag?ed
trilayer precursor to formthe porous trila battery separator. A porous
Lri [BYEFS SopAr BEorePSTaten i LBOSEACPRATARANESE PATER. ABBEMET o ien =
56320/ 1995 (JPS-250097A) filed by Kureha Chem cal Industry Co Ltd. The
Kur ebeP3ephpht BRVigapEepataek§ afptbeedd CERRPYONG Redyminpwiaps Hilm
co-extruding a trilayer precursor containing a solvent extractable materi al
as pos edésinedg bhd, adhdsfionnfpgcpoces be hhigherecwr.spr, By mehinch to
extraction of the extractable material in the precursor. U S. Patent No.
6, 346350 3§ sglasegineki nghachukbhinl agerabakdeby ,senay.gt Worldyiep-taxd r usi on
in a blown filmprocess. The co extruded nolten filmis rapidly quenched

suchigh Afcbs LB1fasybsbabhbatlwusall @iliked state. The co-extruded film
is then anneal ed and strefched to inpart mcroporosity therein. -4 A

mul tilayer m croporous shutdown separator should be as thin as possible in
order to mnimze the space it occupies in a battery and al so to reduce

eIeCtriCab'é?s£§EgHEeNgERg;6@%¥%%9h%&%%i0%g% a trilayer battery
separator. In a preferred embodiment disclosed therein, the
separator has a polypropylene-polyethylene-polypropylene
construction, and is made by laminating and bonding microporous
layers. Each microporous layer is formed by a Celgard® process

described above involving a de-plying step.

U.S. Patent No. 5,691,047 also discloses a microporous
trilayer battery separator having a polypropylene-polyethylene-
polypropylene construction. A plurality of non-porous single-
layered precursors are first extruded by cast extrusion. The non-
porous single layers are laminated and bonded together into a
precursor of a polypropylene-polyethylene-polypropylene structure.
The precursor is then annealed and stretched to form a microporous

trilayer battery separator.



shut down separator nust al so have sufficient strength to resist puncture.
Punctured battery separators are ineffective in preventing the contact

bet ween the el ectrodes of opposite polarity. Under overheating conditions,
a punctured battery separator cannot shut down effectively to prevent the
el ectrolytes fromcrossing the battery separator, and thus is ineffective
in preventing thermal runaway. Battery separators with | ow puncture

strength ar ifficult to handle especially i.n_the hattery separator
mnat act b 18 pToceksbe S L A ERcEEPeaD o6k, fory "ekp i Fie TR one 1o
splittiqg, i.e., tearing. Thui, iE is an objective in the art to further
devePIpLeFY i BERMF 2 hRT Ao VR L RRKPRETr BFEPPFELY t FIOF B3 Eh? s dfarka PRt

wi th inproved puncture strength. Summary of the Invention A battery
sepaﬁ’lal?ng%cagl%nnhl@r opBr 3usdoBi BA’ RRECKiPREhas Md CHOPSTr s dxirladeat

mul tilayered portion and a second co-extruded nultilayered portion. The
firshapoety oneparatbe sedentlypooteghradéngubstantliagidry fiidentgresdursidwe fir st
portion and the second portion -5 are bonded face-to-face. The film may

be fiavetgby fohlgpsbig ﬁoﬂ.9@@59&1%?1&%@'3?@&1%@1’1%—pT:fl Ay s
ar

preferably made by first extruding a tubu mul tilayered film The tubul ar

fil ”&éﬁs&?ﬁé@?&ﬁ%&i‘ﬁ% Lt ‘I‘"@hﬁet, Oaﬁ%ﬁllﬁpg‘;'thie' %fy‘ﬁ[l%q’e?‘ﬁ ; AurEHAS aalirgcﬁ

precursor avi ng two Ies of the nu ered recursor

bonded an nneal ed.. Then h r r_i tretched tq form.a m croporous
i (1 TS o she b 0y hapararar BaE et SRR Pt BT the AW P Y he
purpose. of illustrating the invention, there is shown in the drawings a

f

or I ERLEYSE BREEERY| SOBREREPTed: it being

A porous trilayer separator is also proposed in Japanese
Patent Application No. 56320/1995 (JP8-250097A) filed by Kureha
Chemical Industry Co. Ltd. The Kureha separator is prepared by a
process that includes the steps of co-extruding a trilayer
precursor containing a solvent extractable material as pore forming
aid, and forming pores in the precursor by solvent extraction of

the extractable material in the precursor.

U. S. Patent No. 6,346,350 discloses making a multilayer
battery separator by co-extrusiocn in a blown film process. The co-
extruded molten f£ilm is rapidly quenched such that it is in a
substantially solidified state. The co-extruded £ilm is then

annealed and stretched to impart microporosity therein.



under st ood, however, that this invention is not limted to the precise
arrangenents and instrunentalities shown. Figure 1 is a schematic diagram
showi ng the cross sectional view of a battery separator of this invention
having four layers; Figure 2 illustrates the cross section of another
enbodi mrent of the battery separator of this invention having four |ayers;
Figure 3 is a schematic diagram denonstrati ng an enbodi nent of the battery

separ at or_ of I.S_invention _havin i x ayers; -6 Fi qure 4 shows the
o ok BRAF LAY Rl ERBoRELR0 K AR i ogl HEd 56 AR b iR or
of this invention having six layers; Figure 5 illustrates the construction

of af®tPersShAleci] SEPSFatEr MeR1fHZE thFeMRAGHE RAVIAFF RIS alerd: PELHRFE 6
is a cross sectional view of a battery separator of this invention having

f ourandt @i spokppregykeneleayeisadndenictionuer (R )yet N enehaless; tikegure 7
is a cross sectional view of a battery separator of this invention having

f our shup@bwpok¥phhykeremhayers santhaivan saiftfercipelty oymdedte tayessisand
Figure 8 illustrates a cross section of a battery separator of this

i nvepthepubayi nguheutradt ehtRekyelR-808 dray e ank A4 NRer; pol ypropyl ene
| ayers. Detailed Description of the Invention The present invention

pr OV#ﬁgx?eﬂEg%ﬁr PRAT aUs oAkt Sé¥w%t%Bart%te° rel%%‘@f&é#‘%ﬂog{éﬁn%% §ﬁ§9?§§ ity. o

t ogef portion contains two or nore co-extruded _

Ot 9L AL L RURSLAT €onaThE A P OV G e ALy deSiralod D80
shut down effectively to prevent the electrolytes from crossing the
battery separator, and thus is ineffective in preventing thermal
runaway. Battery separators with low puncture strength are
difficult to handle especially in the battery separator

manufacturing processes. Once punctured, battery separators are

prone to splitting, i.e., tearing.
Thus, it is an objective in the art to further develop
efficient methods for making relatively thin battery separators

with improved puncture strength.

Summary of the Invention

A battery separator is a microporous film. The film has a
first co-extruded multilayered portion and a second co-extruded
multilayered portion. The first portion and the second portion are

substantially identical. The first portion and the second portion



of a given thickness, the instant invention bonds at |east two nultilayered
precursors that are sized, when conbined, to have the sane thickness of the
prior art separator. The battery separator can have a w de range of

thi ckness. Preferably the battery separator has a thickness of |ess than 5
mls, normally no greater than 2 mls, and nost preferably no greater than
1.5 mls. The puncture strength of the battery separator is at |east about
400 grans, preferably at | east_about . 450 _grams. Nor ly, e _puncture

str et monddf FAERtYanbare S0 R a1 MaRaY aB0anp ABERuLYy Aot IR 4 han
about 550 grans. In accordance with this invention, the nenbrane | ayers can
be S#PWR FiHm aRyO cdbRrPBsfti ons of filmform ng pol yners suitable for
maki ng battery separators, preferably polyol efins. Honopol yners,

het er opol yners, such as bl ock pol yners, random copol yners and terpol yners,
can all be used. Polyners should be chosen such that the battery separator
made t hergi¢ osepxhatbtSia poafdegbie nbhdel bt ficak essirsidamee andibhsl st abl e
in the battery environnent. The polyner resin conpositions may al so incl ude
addify Mes1 SPeRe @St Mhi Oxirdant Sbushabikizens, csunbaskanicht AN LA ereo
processing aids as known in the art. _g_ Preferably, polyners are chosen
suc t_t e L hi S r ties. That. 1s, fhe
e B R L e LA e T
t hat,_coul d cause ther rungway_in a lithiumbattery. Preferabl

ol Yo emiLE B BT ed FhbToud te BEECHGECF At BATPS ChBrye ARy

pol ypropyl ene, pol ybutene, ethyl ene-butene copol yners, ethylene hexene
cop&pm« sthetpyeehesrtt hacFiratehedpbPy hBFE 2afdCXoPOSNY S MBtdgilayered

Pol yet hyl enes such as | ow density pol yethyl ene (LDPE), |inear |ow density
pol yeattid enes¢pdDPEPT . and hi gh density

Brief 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 schematic diagram showing the cross sectional

view of a battery separator of this invention having four layers;

Figure 2 illustrates the cross section of another embodiment

of the battery separator of this invention having four layers;

Figure 3 is a schematic diagram demonstrating an embodiment of

the battery separator of this invention having six layers;
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pol yet hyl ene (HDPE) can all be used. Typically, suitable polyolefins can
have an average nol ecul ar wei ght of from about 100,000 to about 5, 000, 000.
Normal |y, the battery separator of this invention exhibits shutdown
properties, i.e., the mcropores of the separators close at a tenperature
typically below the tenperature that could cause thernmal runaway in a
lithiumbattery. Normally, the battery separator of this invention has a
shut down tenperature, i.e., the tenperature at which the battery separator
closes its mcropores, of from about 80C to about 140C, preferably from
about 10QC to about 135C.. As used herein, the term"mncr rous" neans t hat
the bat t erP S AR (LR S TR FRTORONAS ¥ EPoBbr BESNOPMERFF™ L h an
average pore size of about 0.005 to about 10 m crons, preferably from about
0. 0FIH Al o Al rdmRat tRAnTeRRBREPY, Cf hERATei BYBIpoPE BRYANTs SIX  from
about 0.05 to about 2 mcrons. The battery separator of this invention

t ypileatdns:has a Gurley value of fromabout 5 seconds to about 100 seconds,
preferably from about 10 seconds to about 60 seconds, as neasured by the
met hod of ASTM D726(B). Each of the two portions of the battery separator
of this invention has two or nore |ayers that are co-extruded during the

process af; Jikd ng fhadatdedy SePaEShOFrufeikAOWR hActherabhete@yextrusion
entails sinultaneously extruding two or nore pol yner conposition$ through a

singl e di e. G, 18 i¥%pi l\d. J r l.pi.ng die, joining the two
or gr%oerpéarl'—’lgtyoerr s& otgkgjt%ﬁrlj.iv yplélgly%\,’%ﬁeg?*v\ofggp%f e pol ynmer conpositions

enter the die separately and join just before they pass through the final
die orifice. Upon extrusion, the multiple polymer conpositions form
multiple discrete |ayers lamnated and in intimate contact with each other.
Nor mal | y FAHET & & r%o%’éPEF%y%?%t%fé%%%eV%ﬁ‘geﬁgr abPetipsin egeRYGeT of

this invention having four outer polypropylene layers and two inner

polyethylene layers;

Figure 7 is a cross sectional view of a battery separator of
this invention having four inner polyethylene layers and two outer

polypropylene layers; and

Figure 8 illustrates a cross section of a battery separator of
this invention having four outer polyethylene layers and two inner

polypropylene layers.

Detailed Description of the Invention

The present invention provides a microporous battery separator
having two portions bonded together. Each portion contains two or

more co-extruded membrane layers. To obtain greater puncture

-7-



wi t hout being subject to a bonding step. That is, it is normally infeasible
to peel one |layer away from an adjacent |ayer while maintaining the
integrity of the layers. Any conventional co-extrusion techniques can be
used for the purpose of this invention. For exanple, co-extrusion can be
done by nelt extrusion using a T-die as is known in the art. Alternatively,
co-extrusion is conducted by a blown filmprocess, - 10 al so known as

bl Omrféﬂ%??}?wwi% Mol aun fi 1dn ext rusione "nPot Y{B) e £APRSLLLARS, AT €
romtwo or

extruded or re extruders with an annular die to a tubul ar
filmdor parisqn). having t or re |l avers.. The t ubul a ilmor parison is
Lhemeod e a4 e ndPA | SYEETe 10 hatfe 8 herRE kBRI | anei ne
frame, nip rolls or the like. Normally, as the tubular filmis_ fornmed, a

ni_p [
f 1 uftidddiRveded PHeCWHRRTHUSIRT IR ct? ot oV idie FOBREBRAF | FM PAYM Wehi n
the parison. Thus, a bubble of air is trapped within the tubular film and
bet waae tihg dkinessendbft Hh gt iapsiant deapaeaten. addition, as the tubular film
is pulled away fromthe die, air is also blown around the fil m outside
surface to stabilize and quench the tubular filmfromthe exterior. As a
result, the extruded filmis cooled to a substantially crystalline solid

state befgfee Yot ek£ AditRsfbr MY KRy ety Daal r Dhoanofi L AL PkOGRSESES are
known in the art and can all be used in this invention. Preferably, bonding

takes dlactaf L qaRh Ay Uipdandoridons i axcudedeandohetang they are

made m croporous. ly, two mu ayered non- porous at sheets (e.
g., LHe col la d bubbl e)_ .are ondﬁg to forma batter eparat or _precursor.
The T PSETAIDY B BHEREEE APH o Tt MLrBabr ohbeESEaPTenpeht | onal
met hod known in the art. to forma multilayer batterg separator. -11
greater than 1.5 mils. The puncture Strength of the battery
separator is at least about 400 grams, preferably at least about

450 grams. Normally, the puncture strength is at least about 500

grams, and advantageously is greater than about 550 grams.

In accordance with this invention, the membrane layers can be
extruded from any compositions of film-forming polymers suitable
for making battery separators, preferably polyolefins.
Homopolymers, heteropolymers, such as block polymers, random
copolymers and terpolymers, can all be used. Polymers should be
chosen such that the battery separator made therefrom exhibits a
low degree of electrical resistance and is stable in the battery
environment. The polymer resin compositions may also include
additives such as antioxidants, stabilizers, surfactants, and other

processing aids as known in the art.



Bonding is used to make the two multilayered portions stick together (due
to adhesion) so that the two portions are not readily separable and cannot
be readily de-plied. Thus, the battery separator of this invention nust
have a m ni num adhesi on, which can be neasured as peel strength. As used
herein, "peel strength"” is nmeasured using a tension and conpression tester
to determne the force in grans required to separate two one-inch w de

secti ons_ekependst Teabn ghe 8! aaePeel sl &uoh I0dnahes percdipute. The

peel strength shoufd | east about 5 grans/inch, prefer at | east

about 8 grans/ingh, . nd ntageousl shaul d -be . at. abou
gran%??ﬁgﬂeoﬁ@?ﬁgﬁglg ég ﬁ&ogﬁﬁtﬂgﬁdlnégFﬁblﬁe ailE)%’ﬁerally
known_in the art and are dlsclosed in, U. S. Patent hb 5 565, 281,

whi crqleee?ne;ra?peeaeedaﬁeeer-ﬁmsﬁreéflé@eﬁaelce&.ltYarﬂeé%ﬁar%gtwm%urer use
in this invention include cal endaring, adhering wth adhesives, and

wel dipgt Theldpphiseat tbearohladhosiweys imay ilddhude dat tawn ziEnge,:ferably,
gravure/ screen printing, hydraulic spraying, and ultrasonic spraying. The
choipelpbladhasi secandetihenratidialy, atthesinoe dppliiteat itan palste tiey s en so
that the characteristics of the battery separator fornmed thereof is not

adV%é%ré{;f/@@ﬁSd pdhobuekdeng et a¢BhAUSIRElUdRH IR Litien &nd-

ul trasoni ¢ wel di ng. The anount of energy for either meldlng procedure and

the parlgLn 8£o %grghogkﬂgggnghﬁﬁﬁﬂgg 't %g% tc%?ﬁﬁ_gﬁr?ef Olari RPNOPLA

not a Versel ected erab in nvention 1s per%orned

EZut“a%rraS”p&F?ivﬁPayisrrs %ﬂ%be% v RS S A T2l RE bl ow

the melting point of the mer in the nmultilayered potions,
linear " low density po ye hylene (LLDPE), and high density

polyethylene (HDPE) can all be used. Typically, suitable
polyolefins can have an average molecular weight of from about
100,000 to about 5,000,000. Normally, the battery separator of
this invention exhibits shutdown properties, i.e., the micropores
of the separators close at a temperature typically below the
temperature that could cause thermal runaway in a lithium battery.
Normally, the battery separator of this invention has a shutdown
temperature, i.e., the temperature at which the battery separator
closes its micropores, of from about 80°C to about 140°C,

preferably from about 100°C to about 135°C.

As used herein, the term "microporous" means that the battery
separator of this invention has micropores normally with an average
pore size of about 0.005 to about 10 microns, preferably from about

0.01 to about 5 microns. Advantageously, the average pore size is

-9-



preferably at a tenperature of at |east 5C below the nelting point of the
mul til ayered portions. Normally, for precursors nade of polypropyl ene and
pol yet hyl ene, the bondi ng tenperature ranges from about 100C to about 150C,
preferably from about 125C to about 135C. The residence tine at the bonding
tenperature can be up to about 30 m nutes. The bondi ng conditions for
precursors made from ot her polyners will be apparent to a skilled artisan

appr.i sed of th resent_.di scl.osure. The | tilayered portiops, separate or
bondEaT BBSHiTer . Dean ch@Hitte TG tus TYE CORY BT oRSPRRELH5AE kRS | 1
the art for making m_croporous nmenbranes, including but not limted to a
st r ePYENFECRoEYPAR AR S éh Qurlgihasel yevek sF o) #eeubdS argoadsatd cl e
stretch nethod. Briefly, in a phase inversion nmethod, a m croporous
menbbane &0 lsechodsed fradraraltlonposi i drowonb? | s¢agnds pobyabpusndOan
extractable material. The extractable material is selected such that it is
m sekebkbeds,t kst heapalngtebattHeasdttadd tdfe AEtM+DP2eOBNt of the pol yner.
Thus, in this process, the conposition is heated to the nelting tenperature
of the polymer to forma honbgenous -13 phase. A nenbrane is then
extruded fromthe honogenous |iquid conposition. Phase separation occurs

b I ) ial N
o e FIEIPYY T 106 WS el miethal poohbp. JETbECDR

extruded —an iléthe t e extract

material may be extracted fromthe nenbrane by a sujtabl ol vent that

i s Sov B T Tt Ll S SRR AT ot SR T hERIEALSCF SR jon

m croporous structure in the menbrane. Optionally, either before or after

t hePrOREPS off Mad nek tihe (Rl e MRt R A2 Lhe &8 riGaRYUN nERbEBRe 2R /1t K phase
i nversion nmethod may be oriented or stretched beyond its elastic limt so

as eatimgdion @ngeddenenmusitarsgarslofextriedivey kted dnt worenpedywer

m cropores. Any nethod of stretching
compositions through a single die, e.g., a multimanifold internal
combining die, joining the two or more layers together. Typically,
the two or more polymer compositions enter the die separately and
join just before they pass through the final die orifice. Upon
extrusion, the multiple polymer compositions form multiple discrete
layers laminated and in intimate contact with each other.
Normally, the co-extruded layers become inseparable from each other
without being subject to a bonding step. That is, it is normally

infeasible to peel one layer away from an adjacent layer while

maintaining the integrity of the layers.

Any conventional co-extrusion techniques can be used for the
purpose of this invention. For example, co-extrusion can be done
by melt extrusion using a T-die as is known in the art.

Alternatively, co-extrusion is conducted by a blown film process,

-10 -



known in the art may be suitable for this invention. Stretching can be in
the uniaxial or transverse direction. See, e.g., U S. Patent No. 5,281, 491
and Japanese Patent Application No. 56320/ 1995, filed by Kureha Chem cal

| ndustry Co. Ltd. on March 15, 1995, both of which are incorporated herein
by reference. By "particle stretch nmethod" is intended a nmethod of formng
a mcroporous filmby stretching a precursor filmnade froma pol yner

mat Givsof idddRgh Wd 18R & ifiid |8ts i sher seh ther&l. £ The skeghehbpg-results

|n por e fornatlon due to stress concentration, whereby the filmis rendered

&%3 |s |d§@ér?ﬁﬁg?nc%%§élgét%&%%2ﬁg kLIh"gds %QH&ES %oun grge u?%d ror

exa | e, S. Patent 87 4, 350, 655; 4, 698, 372 and
4,77 eﬁsﬂulm G Wi c'\tlor?%i@' aftje]d“ hERiRPBiSeRE ehBNLBY BWer efabl y,

the nlcropor05|ty in the battery separator of this invention are inparted

by &ogier dietenfet hdde WkiH 3thviol Ve 0% 1R ekithgl priebendr redlaenapsodgon at

sheets to uniaxial or biaxial stretching to make them m croporous. Broadly
speakiengliet exdoroefldrapetd tarettla tietredtl usiciqdescahhapsing fhemmyl hilpayer ed
non porous flat sheets) (separate or bonded together), and subsequently

st r glodhisn@ rt heanigd .ed Ndrdalsheetds)chSyrwmyl of HDIm! i 81 Eorgeaxagpl e,
suitabl e methods for this purpose are disclosed in U S. Patent Nos.

5, 569481 P W% 12 XD ioddd, B Bidh 4300 e@cd PfipWhbheheiSm from

i ncor por at ed here|n by reference. Preferably, in a stretch nmethod, after

the e rUSIt%%S e.Lsno%nlg Q}ES fa{ %1{%5? ﬂle f n@%agg gef 9% a%u%kher

stretchlng gener nown 1 n annea ea I'ng process

t e EELALGor e bR (AT s “éi%”cfcfﬁ?#gé‘%E%Sga‘ihéiéﬁgﬂ‘éeiiﬁ'"tates
addition, as the tubular film is pulled away from the die, air is
also blown around the film outside surface to stabilize and gquench
the tubular film from the exterior. As a result, the extruded film
is cooled to a substantially crystalline solid state before it is
collapsed. Many conventional blown film processes are known in the

art and can all be used in this invention.

Preferably, bonding takes place after each of the two portions
is extruded and before they are made microporous. Typically, two
multilayered non-porous flat sheets (e.g., the collapsed bubble)
are bonded to form a battery separator precursor. The precursor
can be bonded, and then made microporous by a conventional method

known in the art to form a multilayer battery separator.
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be conducted by any conventional methods. For exanple, the film precursor
can be contacted with a heated roll or a heated netal plate, or can be
heated in air or an inert gas. Alternatively, the filmprecursor can be
wound around a core and heated in a roll formin a gaseous phase. A rel ease
sheet such as pol yethyl ene -15 terephthalate filns, fluorine resin filns,
and paper or plastic filnms coated with, e.g., silicone resin, may be used

to preve t he bl pcking,of the fi in the roll form., Typically, annealing
con be. pAi Tt S UeTanpRraEkretBE FrintubBul 8Eeto BBGIEIRGE For
time period of fromabout 5 mnutes to about 30 m nutes. The annealed film
pr edidrhean({R - deardheet pbdSPokhabr FBAt EYO) PPELARHSe aife NV FRa bl Bf

m cropores in the structure of the filmprecursor. Typically, the anneal ed
fil megpacablorand cmiaxt db¢ yreadelghdd-phiefie nEbhene tiher éettit@mry and
optionally in the transverse direction as well. Stretching can include

sevejaardeps, of. this ai wedt dbAWIgE ShePe 8 hohiduawadhesiiep, anthdch redmx
or heat-treating step. The relax or heat-treating step is to reduce

i nt ddale SIiRSS Y4 thidn thersepanat OfsandeAuYebe i ACCORRIdIShed-aMddh el ther
negative draw ratio or substantially no draw tension at various heat

profid £§,, &4 Hgélc | ng @&@s#ﬁna 88”&&&?983.5%80@%&8? far ned J.10QVens, o
containing a draw frane. e ?enpera Ures and draw rati os can be se by a
ski Irf ed arti san wit hout. undue exge i a,preferred enbodi nt,

r rrgntgtiog. I n p S

eacH TEe AT T TTY EeF et pBrPREAEn VReCBET tBFY ¥a5% &S5 IR

i nvention has at |east one strength |ayer and at | east one shutdown |ayer.

As pafiafkresrbrane Q‘érﬁlnp%%ht%aﬁ phy P ipehepsres HimuGoporBiss RRSbr ane

layi&?éﬁ;th should be at least about 5 grams/inch, preferably at least
about 8 grams/inch, and advantageously should be at least about 10
grams/inch. Methods for laminating and bonding two membranes are
generally known in the art and are disclosed in, e.g., U.S. Patent
No. 5,565,281, which is incorporated herein by reference. Suitable
bonding methods for use in this invention include calendaring,
adhering with adhesives, and welding. The application of adhesives
may include air atomizing, gravure/screen printing, hydraulic
spraying, and ultrasonic spraying. The choice of adhesive and the
rate of adhesive application must be chosen so that the
characteristics of the battery separator formed thereof is not
adversely affected. The welding technique includes thermowelding
and ultrasonic welding. The amount of energy for either welding
procedure and the pattern of weld should be chosen so that the

separator’s porosity is not adversely affected. Preferably,

bonding in this invention is performed by thermocompression
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that closes its pores at the shutdown tenperature of the battery separator,
i.e., a reIatlver Iom/tenperature of from about 80C to about 135C. In
contrast, a "strength layer"” is a mcroporous nmenbrane |ayer that has a
substantially hi gher nelting point, e.g., above 145C, preferably about
160C. The strength layer typically is capable of maintaining the nelt
integrity of the battery separator at a relatively high tenperature.

Pr etratlg%é% t%;arseg(g]%ggg 'et h ectbat}re atd 8y, @eecpas@teéahgxltdgptﬁ 'nrr g4 on

are na po yet ut ene copo yners, ene p opy ene
copal. | ene- hexen ners o2 bl end eferably hi gh
dengﬁﬁyrﬁ’illyc’ Pllélsg ¢ (a%DﬁE) 9 dl %?e Hr ¥t ersqz afJ&te as a density
rangi ng .from Q. 959 - 964 /nlnl%QSTM D792), and a ran |ng fron10.42 -
0. B@E&gFﬁﬂnPQI?§0€ﬁ2tf€ Ry -YRSTEM W#%} %ﬁﬁﬁﬁ;? §'in the battery
separator of this invention typrcally are nmade of polypropylene or a

pol ppedpyRedy etpel FemperRtatie ifl at d gty fr Ghyrekew hope poe Yy FeRIhROLRG a
density of about 0.905 g/cc (ASTM D1505) and a MFI of about 1.5 g/10mn Q

2306k2che KQlthiagepteel eored cershodiNeamta ldfy t hisr i pwentt ooy st hadewe £
mul tilayered portions of the battery separator are substantially identical

andpah epkepgednkogaiinehb 1freenierac e hBboriiiisd adrsd e h#enthfgks, f'r‘bm' S

intended to mean that thé two bonded mul tilayered portions are simlar to

eachpahhen oWk tbeSRRcl h& dehel r@@é%‘a%ﬁ?a T+bm a%toru‘tCtlLtrsﬁ% a:’tﬂ &t@@% g cal

conposi tions. As used herein, 'the term "face-to-face" nmeans e two

sub Nt al i dent.i cal rtio il that the t
por %gn[s: ar leﬂ(léeu S alrctiteflézlelp%ﬁ“em%t?‘l cabrfor}lqgﬁ}% oglera e rcé%rﬁ ant'® £

structure as shown belom1| reference 0 Frgur;s 1-8.
out 30 minutes. The bondlng conditiorns for precursors made from

other polymers will be apparent to a skilled artisan apprised of

the present disclosure.

The multilayered portions, separate or bonded together, can be
made microporous by conventional methods known in the art for
making microporous membranes, including but not limited to a
stretch method, an extraction (or phase inversion) method, and a

particle stretch method.

Briefly, in a phase inversion method, a microporous membrane
can be formed from a composition comprising a polymer and an
extractable material. The extractable material is selected such
that it is miscible with the polymer at least at the melting point
of the polymer. Thus, in this process, the composition is heated

to the melting temperature of the polymer to form a homogenous
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Figures 1-8 are schematic diagrans illustrating the cross sections of sone
of the preferred enbodi nents of the battery separators of this invention.
Each enbodi nent has two | am nated portions that have two or nore
co-extruded | ayers. As shown in Figure 1, battery separator 10 has two
substantially identical portions 12 and 12'. The portion 12 has a
co-extruded bil ayer structure including a polypropylene | ayer 14 and a

pol yet hyl ene | ayer 16. The portion 12' has a co-extruded bilayer structure

DS 5 AUNPLARY | SONIY Ly duaBRe POROLKE! YLBBE LA flsq ThE

Ions 1 are bonded tog In a face-to-face manner such that
the two pol yethyl ene layers 16, ,and 16' are [nh contact wi.ith each other. In
i oAt R pat T 9 cuoe 5T o B0 RGN Bube b EROHE S POk S5 n b ar o
sane as the two portions 12 and 12' in Figure 1. However, the two portions

. g
i n vetrariaRpdrateriab af ethonuenbrage is- exEEudreh anke “hid SHABFr opyl ene
| ayers in contact with each other. -18 Referring now to Figure 3, each of
t heempeporerenss 3owaded2dowh . sePheaesrrdothlscamptierdpdr matyr et ure with
two pol ypropyl ene layers 34 (34') and 38 (38" ) sandw ching a pol yet hyl ene
| ayett 3ot &' from hehé waeploranenisy aaeshondbilef acéveatf abatsudlsddiated he
pol ypropyl ene |l ayers 38 and 38" are in contact with each other. Figure 4 is

anqiere exesel A Ve eibodi 1Bt LeE HBe bRkt phYymepatater ffrrlikics 4 nvention.
Battery separator 40 includes two identical portions 42 and 42' bonded

5 AT SOELLAT D1, 26 RUEIRE. | DLYERREA0S! Gk IR 10 2
oD %R Shached TRoGhiogRO R LB B B PEIRS, 35 gl s i Lhal
membrane in the phase inversion method may be oriented or stretched
beyond its elastic limit so as to impart a permanent structure of a
network of interconnected micropores. Any method of stretching
known in the art may be suitable for this invention. Stretching
can be in the uniaxial or transverse direction. See, e.g., U.S.
Patent No. 5,281,491 and Japanese Patent Application No.

56320/1995, filed by Kureha Chemical Industry Co. Ltd. on March 15,

1995, both of which are incorporated herein by reference.

By “particle stretch method” is intended a method of forming a
microporous film by stretching a precursor film made from a polymer
matrix filled with solid fillers dispersed therein. The stretching
results in pore formation due to stress concentration, whereby the
film is rendered microporous. Any particle stretch methods known
in the art may be used for making this invention. Examples of such

methods can be found in, for example, U.S. Patent Nos. 3,870,593;
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Referring now to Figure 5, the battery separator 50 has two portions 52 and
52'. Each portion has a pol yethylene |ayer (54 or 54') and two adj acent

pol ypropyl ene | ayers (56 and 58 or 56' and 58'). The two portions are
bonded toget her face-to-face by bonding the two pol ypropyl ene | ayers 58 and
58'. The two portions 62 and 62' in the battery separator 60 shown in
Figure 6 are identical to the two portions in the battery separator 50
shown in Figure 5. However, the two portions 62 and -19 62' are bonded

t oget, 0 g5 ondiewp tIE  wndod yEIhyd eRe hayess Hdiandagd’ ihegebheiatebus,
in battery separator 60, the first, second, fifth and sixth |ayers are

polygﬁgﬂx{qﬁp h@ahd the third and fourth layers are polyethyl ene
| ayers igure 7 shows battery separator 70 which has a hexa-|ayer

structure having two portions 72 and 72' bonded together. Each portion has
two polyethylene |ayers 74 and 76 or 74" and 76' and a pol ypropyl ene | ayer

78 or 78' Th portions are bonded togethe bondln the two _

pol yet hyl% q%y's' el FEPPeoyRt Fer 10| hRg éﬁF\éeQY BRB Fﬁ/&oﬁoﬂfi diei B2
and 82' of the battery separator 80 are sane as the two portions 72 and 72
i n RNYenE ipn egeepioraied Hey thosper i FlangesrodndwB2chaiavedingsd
face-to-face by bonding the two pol ypropyl ene | ayers 88 and 88" together.
Thussubjtee tiatg grne sEpaned oroBtpdrasua hbxa- shgetsstouvndpsinilt brt Wi axirer
pol ypropyl ene | ayers sandw ched between four pol yethyl ene | ayers.

Pr efeanaohiddied wakall tlidmyel ecoporduons Brohtitybapeakyngepahat or of this
invention are arranged in a cross-plied nanner, i.e., the uniaxial

0“‘%Féﬁéf%b&ﬁsé¥5%éH”&éGHb&Slﬁél@@eénghﬁeéﬁhﬁé'Eﬁetﬁuﬁb§1ﬁgé%@dmnon—
ori éntation of the other portion. The angle can be within t range of from
abo%&x&%&é’f%&%“sﬁ%et(s (separate or bonded together), and
subsequently stretching the annealed flat sheet(s). By way of non-
limiting example, suitable methods for this purpose are disclosed

in U.S. Patent Nos. 5,565,281, 5,691,047, 5,691,077, and 5,824,430,

each of which is incorporated herein by reference.

Preferably, in a stretch method, after the extrusion, the non-
porous flat sheet (s) are annealed before further stretching. As
generally known in the art, annealing is a heating process which
improves the crystalline structure in the precursor and facilitates
the micropore formation during the stretching step. Annealing can
be conducted by any conventional methods. For example, the film
precursor can be contacted with a heated roll or a heated metal
plate, or can be heated in air or an inert gas. Alternatively, the
film precursor can be wound around a core and heated in a roll form

in a gaseous phase. A release sheet such as polyethylene
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-20 Cross-ply can be achieved by cross-ply lamnating the two

mul til ayered portions at the tinme of bonding the two nmultilayered portions.
The battery separator precursor is then bonded and anneal ed. Bonding is for
joining together the two | am nated portions of the battery separator
precursor. Bonding may be perfornmed by passing the precursor between the
heated nip rolls under a pressure exerted by the two closed nip rolls.
Preferably, bonding is perforned at a tenperature ranging from about 100C
to akeebhth@Catat falmy, FARGHinmeahsind IHA msTheakdnshmgrt eAPpLakute i s
chosen so that the two | ayers are united and stick together to achieve in

t he efi issked that Walth ,SePy at 1138 BHd LM, atheshon.ybd heyt patieati pget he
nol ecul ar orientation in the precursor. The pressure exerted by the nip

rol Bfio%%g[ngf‘ o3 RALlr ! lﬁ;xl tg%;%lﬂerfAﬂ;rﬁeath};ﬂ%%i%% ?aq,ﬁéai&ﬂg‘eégﬁu el to

abou I, or prefera ut 1.2 to about e target adhesion
is at _|l.east .about 3t rans/inch, pr fer%ﬁ$ at é t %ggut ;? nms/ i nch
AnBEFTRE T (e ST SCoa Rlor ITRCEr AAG dh BS Per 1ol fed * @
tenperatures rangi ng from 105- 150C, preferably fromabout 110 to 130C if
pol FéfBy PEXE osbBFp a1t dROUr & dHpIBR, Lot ant N et €8nper at ur es
shoul d be used for other polyner enployed. -21 As a result of the
twisting of the tubular film when the tubular filmis collapsed onto
itself to forma battery precursor, the uniaxial orientation of one portion
i S angul ahley anzedddadal Ins tpridmitsimxdal dieerbat stoneoc¢héde (ekcther porti on,
and thus cross-ply lamnation is achieved. A cross-ply battery separator
canvBgiented”) to cause the formation of micropores in the structure

of the film precursor. Typically, the annealed film precursor is

uniaxially stretched in the machine direction, and optionally in

the transverse direction as well. S8tretching can include several

steps, e.g., a cold drawing step, a hot drawing step, and a relax

or heat-treating step. The relax or heat-treating step is to

reduce internal stress within the separator and may be accomplished

with either negative draw ratio or substantially no draw tension at

various heat profiles. Stretching can be a continuous process

performed in ovens containing a draw frame. The temperatures and

draw ratios can be set by a skilled artisan without undue

experimentation.

In a preferred embodiment, each co-extruded multilayered
portion in the battery separator of this invention has at least one
strength layer and at least one shutdown layer. As used herein,

the term "shutdown layer" refers to a microporous membrane layer
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obtained after the subsequent steps of bonding, annealing, and stretching
as described above. This invention is further illustrated with reference to
t he exanples set forth below. In the follow ng exanples, Gurley is neasured
by the ASTM D-726(B) nethod. As used herein, Gurley is the resistance to
air flow nmeasured by the Gurley Densoneter (e. g. Mddel 4120). The Curley
val ues set forth herein are expressed as the tine in seconds required to
pass | Ccc of air through one square inch of product under a pressure 12.2

i nchiesitofc wiieay .1 theglorsdd engtthd asthesdom teaseredudsi Bg ahkensit@rand
conpression tester to determne the force in granms required to separate two

one-Jch lidle sed i ons afy bonded, "o 8dfpe FheuPeeh! 2k8m Sbbdt so°c
i nches/ mnute. Three neasurenents are taken across the web and average&?
The _thi ck f the battery sepatator is asured.by the T41llom 83 net hod
dov EERBSe s e SUSPTERE ord ha et iy 45 Ba  BPREEER B he pul p
and Paper |Industry. Thickness is determ ped usi a preci sion mcroneter

o HAEE SR Rtter A 1 CHR AT CSPDA Loht BLPTAG TS Co B PO R s Gvéir { 7)
psi. Up to 30 individual mcroneter readings taken across the width of the
samAteVar el 4 Eragae LA YIrabeef eh@R hCi s %@@LSEF&H%W SRYEWs Ly a3 130
nmeasurenents are nmade across the width of the stretched product and
averiggerhpad M taet maStreveeisi AFREh T exe Lt eidpagyzey b tbedbathenyeedl e i s
1.65 nmin dianeter with 0.5 mmradius. The rate of descent is 2 n sec and
t he syt f (efd edlianivsl$ Hiyh Thempétatusehel dreifghtbily,t Réecl anpi ng
device with a central hole of 1Z.3 nmm The displacenent (in mm of the film

E?ﬁ%&gﬁ%ﬂ@%@ fhe meedi e ¥as Lecordedragai pat st hevkesiishanee iy se

of polyethylene, ethylene-butene copolymers, ethylene-propylene
copolymers, ethylene-hexene copolymers, or a blend thereof.
Preferably high density polyethylene (HDPE) is used. More
preferred, the HDPE has a density ranging from 0.959 - 0.964 g/min
(ASTM D792) and a MFI ranging from 0.42 - 0.33 dg/min @ 190°C/2.16
Kg (ASTM D1238). The strength layers in the battery separator of
this invention typically are made of polypropylene or a
polypropylene copolymer. Preferably, a polypropylene homopolymer
having a density of about 0.905 g/cc (ASTM D1505) and a MFI of

about 1.5 g/10min @ 230°C/2.16 Kg.

In a preferred embodiment of this invention, the two
multilayered portions of the battery separator are substantially
identical and are bonded together face-to-face. By "substantially
identical", it is intended to mean that the two bonded multilayered

portions are similar to each other with respect to their physical
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devel oped by the tested film The maxi numresistance force is the puncture
strength. Exanples CEZ and CE2 are conparative exanples. CEl is a
conventional trilayer battery separator having a pol yethyl ene-pol ypropyl ene
pol yet hyl ene (PE/ PP/ PE) construction and prepared in a conventional manner
by a blown filmextrusion process. CE2 is a conventional trilayer battery
separator having a PP/ PE/ PP construction and - 23 prepared in a
conventional manner by a blown film extrusion process. CElL and CE2 are not
madetrhetinesntnde chesladueomePs iffignssy A= usafl E37c ke eRanpee® of
instant invention. E1l and El A start with three | ayer parison, PE/ PP/PE, and
yi etdaca-hexdakayemepnaditiat REePRAWRE/RHRRIRE a B sidehisi bl hparthbee

| ayer parison, PP/ PE/PP, and yields a hexa-layer product,

PP/ RELPBLRBERBEABBe t B2 rand B3 A HsftarthaM dulb Eéﬂﬁd@%r@%ﬁﬁ@ﬂan??é?@y and
yields a four |ayer product PP/ PE PE/ PP. | exanples were made in a

conyentbena gL W LR 9BV end qnal, e gl 14l s, tﬁ%' g n?& =30 959
g/cc%lkggl%l Lfﬁg%?, | E3’1%0.42 ?g/m' n O 1900 2. 16 Kg eAséF% %“izgs - éﬁdlg‘P
i sota gicnPP,tde@sit¥e: Q.05 g/cc (ASTM D 1505), MFI - 1.5 g/l Omn
230CF2°16 RS. Br 6adct SFesult's are reported in Table 1. TABLE 1
CEL1E1El ACE2E2E3E3AThi ckness(m 1) 11.21.10.83-1.1-1.21.11.11. 05Cur | ey(Sec) 263
227-2825- 3334- 4430- 3135- 36Punct ur eSt r engt h354445- 455400- 495400- 495580- 62054
4-566561- 562( g) Adhesi on*(g/in) NANR27NA10- 1832- 40NR NA - not applicable; NR
- not repéprags 4-8 agiesichenad isetdicagramie bohddrpties, thadrvipdgal
co-extruded | ayers are not separable. -24 Conparison of CEl and E1, ElA
showecthahsusifngotree dfnwédret ipre flegodend gdood Blelst @ sEpahat bat ety
significantly greater strength at

separators of this invention. Each embodiment has two laminated

portions that have two or more co-extruded layers. As shown in

Figure 1, battery separator 10 has two substantially identical

portions 12 and 12'. The portion 12 has a co-extruded bilayer

structure including a polypropylene layer 14 and a polyethylene

layer 16. The portion 12' has a co-extruded bilayer structure

including a polypropylene layer 14' and a polyethylene layer 16'.

The portions 12 and 12' are bonded together in a face-to-face

manner such that the two polyethylene layers 16 and 16' are in

contact with each other.

In Figure 2, the battery separator 20 has two portions 22 and
22', which are same as the two portions 12 and 12' in Figure 1.
However, the two portions in battery separator 20 are bonded face-
to-face with the two polypropylene layers in contact with each

other.
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equi val ent thicknesses and Gurl eys. Likew se, conparison of CE2 and E2, E3,
E3A shows significantly greater strength at equival ent thicknesses and

Qurl eys. The present invention nmay be enbodied in other fornms wthout
departing fromthe spirit and the essential attributes thereof, and,
accordingly, reference should be made to the appended clains, rather than
to the foregoing specification, as indicated the scope of the invention. -
25 WHAT IS CLAIMED IS: 1. A battery separator conprising: a m croporous
filmhaving a first co-extruded nultilayered portion and a second
co-extruded nultilayered portion, said first portion and said second

porti on Refagrinbshamt ical [Fygudentsi,caachheihgimonded gacetdns f azeand. 37he
battery separator of Caim1l wherein said filmbeing forned by collapsing a

t ubgkagephkarent 9ol heal b t3i1ERe DAt Beparalipre Wl $Byprdphengi n said
co-extruded nultilayered portion further conprising at |east one strength

I I I . 4 f iml
ayféy%‘?g i 1§3sy ang shutdewy Fa&sﬁgwdlc?r}lng‘eapgﬁllt}%\éﬁ%ff&% a%g epfsflaim

wher e uni axi al orientation’'o r erng a n angl e
relatiye to_a uniaxial orientation o id seco ortian. 5. The battery
cepartl §r ' orfe Bih PRRREFEEn “0s G e o | LIy FBAF FaSers, t he
first and fourth |ayers consisting essentially of polypropylene, the second

andPPhYPYOPYyERE BéVﬁ&sbéﬁdéﬁdtééetﬁéee%ﬂjQRﬂEQQQiW&F%s%%%@i%Ph?rof
pol yet hyl ene. -26

Figure 4 is another exemplary embodiment of the battery
separator of this invention. Battery separator 40 includes two
identical portions 42 and 42' bonded together. Each portion has a
co-extruded trilayer construction including a polypropylene layer
44 or 44' sandwiched between two polyethylene layers 46 and 48, or
46' and 48'. The two portions are bonded face-to-face such that

polyethylene layers 48 and 48' are in contact with each other.

Referring now to Figure 5, the battery separator 50 has two
portions 52 and 52'. Each portion has a polyethylene layer (54 or
54’) and two adjacent polypropylene layers (56 and 58 or 56’ and
58’). The two portions are bonded together face-to-face by bonding

the two polypropylene layers 58 and 58‘.

The two portions 62 and 62’ in the battery separator 60 shown
in Figure 6 are identical to the two portions in the battery

separator 50 shown in Figure 5. However, the two portions 62 and
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6. The battery separator of Claim21l wherein said filmfurther conprising
six layers, the second and fifth |l ayers consisting essentially of

pol yet hyl ene, the first, third, fourth and sixth |ayers consisting
essentially of polypropylene, said third and fourth | ayers bei ng bonded
together. 7. The battery separator of Claim1 wherein said filmhaving a

t hi ckness of fromabout 0.5 m| to about 1.5 mls. 8. The battery separator
of Claiml wherein said filmhaving a peel strength of at |east about 5

gr ae®/'i ote @ndrce tematdryr depdrendingftick abt we 1pehgebhrlenid lbyttrer 54
separator has a thickness of fromabout 0.5 ml| to about 1.5 mls and a
puncing & 4s't rengttthenf. atTheastimboatt &P gepasatdd. 6Thethat fergtsepar at or of
Claim 3 wherein each said multilayered portion having one said strength

| ay efe il O fa chrshud o 1ayers ahergbDypabgyluhei layeredaper tirens bei ng
bonded together such that the uniaxial orientation of each portion is at an
angl.e; .r | i L Lhg two strength |ayers
sanéﬁf%ﬁ%%gkya%ﬁgﬂﬂ?ggﬂ%gﬁgfgggIﬁgﬁﬁgﬂégg%é%hgé?éggfd filmhaving a

t hi ckness of fromabout 0.5 m| to about 1.5 mls and a puncture strength
of at |east about 500 grans. -27 11. The battery separator of Caim3
wherein each said nultilayered portion having two said strength |ayers

sandwi chift§gWfe s SRPEhRHUVIFY HR2T3EH EPrehgFh Pajepshernd davEshut down
| ayer, wherein the two nultilayered portions being bonded together such
t hatS HHeE tyriea Hiadl i ngt it RPON D1 et epdr 12 bnbpadad sagshbes -r elE@dhve to
the other and that said filmhaving a six-layer construction, the first,
t hi pbrtfigur tHasandves ipdly ¢ @yerendel agess reqgahd| ageps and thd Feconrchdarad
fifth [ ayers being shutdown

polypropylene layer 78 or 78'. The two portions are bonded

together by bonding the two polyethylene layers 76 and 76°

together.

In Figure 8, the two portions 82 and 82' of the battery
separator 80 are same as the two portions 72 and 72' in Figure 7,
except that the two portions 82 and 82' are bonded face-to-face by
bonding the two polypropylene layers 88 and 88' together. Thus,
the battery separator 80 has a hexa-layer structure with two inner

polypropylene layers sandwiched between four polyethylene layers.

Preferably, the two multilayered portions in the battery
separator of this invention are arranged in a cross-plied manner,
i.e., the uniaxial orientation of one portion is at an angle
relative to the uniaxial orientation of the other portion. The

angle can be within the range of from about 0° to about 90°.

-20 -



| ayers, said filmhaving a thickness of fromabout 0.5 ml| to about 1.5
mls and a puncture strength of at |east about 500 grans. 12. A nethod for
making a nultilayer battery separator conprising the steps of: extruding a
tubular nultilayered film collapsing the tubular nultilayered filmonto
itself to forma nultilayered battery separator precursor having two plies
of the multilayered film bonding and annealing the precursor; and
stretching the bonded and anneal ed precursor to forma m croporous

mul tCteyerpbat ¢@nybsepahatved 1. cThesnrpillyod aofin@itanmg rhemmwrei n sai d
precursor is bonded by thernoconpression bonding. -28 14. The met hod of
A aifinli Waps eéd sat€i8Hkt hkaypeedimdbrlfabohidifighaset Wavd ayersi 14gd Hehng a
shutdown | ayer and a strength layer. 15. The nethod of Caim 14 erein
sajcbgfgf€g§h | ayer consists essentially of polypropyl ene, and said
shutdown [ayer consists essentially of polyethylene. 16. The nethod of
Claim12 wherein said nultilayered tubular filmhas three |ayers including
two strength |ayers sandw ching a shutdown |ayer. 17. The method of C aim

sai d Shut BenoR 6O5F Y ORERERLCESBEREPRFPY ofi Sporyet PRt SFB SHAA T T or

maki ng a nultilayer battery separator, conprising the steps of:

co- kerdinaglia fP¥siokninpl Apgeehet| dheskhwet 1agdnekedudaty iprsecohdthe

multilayered flat sheet;
battery separator precursor. Bonding may be performed by passing
the precursor between the heated nip rolls under a pressure exerted
by the two closed nip rolls. Preferably, bonding is performed at a
temperature ranging from about 100°C to about 150°C, at about 125°C
to about 135°C. The bonding temperature is chosen so that the two
layers are united and stick together to achieve in the finished
battery separator a sufficient adhesion without affecting the
molecular orientation in the precursor. The pressure exerted by
the nip rolls can be greater than 1 pound per linear inch (pli), or
from about 1 to about 3 pli, or preferably, about 1.2 to about 2.5
pli. The target adhesion is at least about 5 grams/inch,
preferably at least about 10 grams/inch. Annealing of the battery
separator precursor 110 can be performed at temperatures ranging
from 105-150°C, preferably from about 110 to 130°C if polyethylene-

polypropylene are employed, other annealing temperatures should be

used for other polymer employed.
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|l am nating said first and second flat sheets to forma battery separator
precursor; bondi ng and anneal ing said precursor; and -29 stretching the
bonded and anneal ed precursor to forma nultilayer battery separator. 19.
The nethod of Claim 18 further conprising extracting an extractable

material fromsaid precursor. -30

. A, . A5. A5. A5e. Al R AHe. Any. AY. A5l . Ae. Anl . AHe. Al . A9f . A[, . A, . AH, . A, . As

A CAH ALLA L, CAA?ARA?ALCAA

. ALy4=Qyz&6l 74 28y Dt eof VK@) er) 681 648] 68] eakcaliballea] cdlleq] eddeen]uial cal ca] ca
] ca] c”a] ca] ca] ca] c”a] ca] ca] ca] ca] c*a] ca] ca] ca] cal] c<al!) TUk&XYe X

Z} xshi kﬂ,élz%faﬁ £ CAd C@&P%ﬁé&&abﬁ%cﬂgélEakea]fe%]x@%] takeaksalralaplssd cal ca

] ca] ca] ﬁa]dcg] cal] ca] ca] ca] ca] ca] ca! PW
ool cieuted) el el e 89]98%\ i%g%b%%]l P e
cal »}raf}  ARRBFSE P eh 09 531‘% BaFeapea %34%3]@% S ea) ca

ca] ca] ca] cal ca] ca] ca] ca] ca] ca}\ca] ca] ca]ca ca] ca] ca] ca] ca] ca] caI 7det 5u3venHi

} xsrianZ)atal ea] ba)aehtayed] cafcaFeapchl ¥aPeaFea)c SpPafrédrtalcedl &f cal ca] ca]j

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! ?

T vB 2@ mdd f v c af lva] sabsafivehtaktapeapfapoapdalc” aie@ledalren] cajdal ca] ca]

cal calca]calcalca]ca]calcaljcalca]calcalcal;C, A~

]! S +E 22N e Htd SarSSSH 002 308 ssai. d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a)J ca] ca] ca] ca] ca]ca] ca]lca]ca]ca]ca]ca]ca]ca]calca]ca]ca]ca]calca! % &&&&1'V
1T (W(() ) FRE

+N++++4, X, , , -G -}xsnid_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca

]E?}f%]ofaﬁ% %ﬁ&l@f‘éﬁalEakﬁélcﬁékcﬂSGLE%L‘E%C%%%' Yethrbnce to the

2b2k222- 3033314q 44455 nid Z]c calca cal cal.ca cajcalc
a] caﬁ%aa]‘ﬁc]aef%af%%] %%]E ] % ‘8‘<‘%{]cah:‘a]:g1 ES%@S ]9 5}’“@5}? %ca]ﬁ?%ﬁy] 916'%6*]7I 7]77
7 8i 888/ 909999: z

- < ng&@—wswea _BSTY] Baf 4] BA] BaFBaFca] A8 dFEaearda) c waiealea] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal u====9>s>>>: ?{ ?? @OXQ@AOASA
AAASRIBBBEY BpiCOG- i B ExXxEhpw MpeFlrafchlcihealsalley] Aercutsd]asa] cajea] ca)
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! - EQEEEOFi FFF&G
GGG dtHI 4 Ve 0 ) JRITUKREKKLB L izalues set forth herein are expressed as
M xsni d_Z] c]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca
] calgd ced gal £l sadsahsal-eghsakaakeapadMWlcc of air through one square

inch of product under a pressure 12.2 inches of water.

Peel strength (adhesion) measured using a tension and
compression tester to determine the force in grams required to
separate two one-inch wide sections of bonded membrane. The peel
rate is 10 inches/minute. Three measurements are taken across the

web and averaged.

The thickness of the battery separator is measured by the

T41llom-83 method developed under the auspices of the Technical
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10908 () - 10908 ()-f$10%0& () -9z#10%0& () - 7{ 2sdEF3MBLO0%OE’ () - 18#100/@&' O)-

09&§%4&1g+ gﬂ99§§-&% @\ TE1 QHOE ) it §1Q76E ) vSIIRGEEELOURE At
%40 T10%& ()- 100 100 100 @9$10%08 () - &6 10908 () gedbhC Sa0vme: () -

109 1 10% # & #1

dEb ‘% et t) §L) é%éa%g % Y&&O%@#’fb %Egyf&%%%%o(‘? s T ok -
ZPdEb

63" 199 % Wé%o%&t{i? C3PTBIHE E‘?Véggwﬁ}a}}g‘ 6 SPTE h(o)lepﬂﬁ/vﬂ e
@10%& 3%40%& ()-f &10%& (% %40% & 10b 10b 10by; 10%& () -
>wdEbC#Ié&©8@{§P1®@B@5PF (in mm) of the 11m that was pierced by the
"10%& ()-10%& ()-910%& () - SH10%& () -! XdEbCH90%b& () -) SH10%&' () - ' #10%b
& (1etddO%p&s (YeebnilodhagpinstOwh e FrsiviwNCeldierGh (HOblgram force)
10%& ()-14"10%& ()-S2%0%& () - &0%0%& () --"10%& ()-8{7ydEYNC °

%4 088 (dp83" BP%0Re (Le$Steth & () " 10UL&maki B0 Ut i(Pt-at%h & d)cey DEYiNe
LIT10%& ()- %40%& ()-#10%& ()-10%& ()-' 10%& () -y%d0%& () - R} 7dEYNC

LO" Q&@@ﬁfé'stren th.
10%& () -+10%&' ()-' 10%& () - ¥%6310%& () - f #f &1L0%&' () - 7t 5bCg&10%& () -"1
0%0&' ()- 10b 10b

Examples

CEl and CE2 are comparative examples. CEl is a conventional
trilayer battery separator having a polyethylene-polypropylene-
polyethylene (PE/PP/PE) construction and prepared in a conventional
manner by a blown film extrusion process. CE2 is a conventional

trilayer battery separator having a PP/PE/PP construction and
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" HIHHH

10957& ()ﬁ%/&o%lrgs@ hE i % E%&%%%E‘)ampfﬁf#&ﬁé’f&%ﬁ / ri"oelr@?"‘i’bo/a&' ()-

10908 ()- Y409T& $109F 10967 & |
10T%%B %%@&EH* S%il(-ig/(rs g gié AYFr) 82 6%?& ()PE(%J"'.’&)&F%/Gz (3-881'V
' xmbC 10Tl : 10%9& - 10T 10T 10T y

10%@2«@)1@5rqowgpwch&EéW&P€)/P@Pfd%ﬁ& ()E2 'SEREt( dErdc a three

10T $10%& () - 9s$10%& () - $10%& ()- &10%& () -

94 ORdoge ) pOB1880&' PP/ TEZPP) * Khtld FrieCAs0 B&heX O Up&/e(r) HHOMS: () - f #10%& () -
10%& ()- 10%& ()- $10%& ()-** +N++++dEnbC 10T- MLO%& () - +S 10%& ()-)
%4 0fgoK) PP AR YRR £P- | YBE0%RE ERACERaLRYME th) at4wo Layer PAYG €&, 10b 10b

PP/PE, and yields a four layer product PP/PE/PE/PP.

All examples were made in a conventional manner with
conventional materials: PE - HDPE, density = 0.959 g/cc (ASTM
D792), MFI = 0.42 dg/min @ 190°C/2.16 Kg (ASTM D 1238); and PP -
isotactic PP, density = 0.905 g/cc (ASTM D 1505), MFI = 1.5 g/10min

@ 230°C/2.16 Kg. Product results are reported in Table 1.

TABLE 1
CEl E1l E1lA CE2 E2 E3 E3A

Thickness

(mil) 1 1.2 1.1 0.83~ 1.1-1.2 1.1 1.1

1.05

Gurley

(Sec) 26 32 27-28 25-33 34-44 30-31 35-36
Puncture
Strength 354 445-455 400~495 400-495 580-620 544-566 561-562

(g)

Adhesion*

(g/in) NA NR 27 NA 10-18 32-40 NR

NA - not applicable; NR - not reported; * - adhesion is between the
bonded plies, individual co-extruded layers are not separable.
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10%& () -8%0%& ()-6S&10%ME () - YA@L0%E ()- @"10%& ()--G---7.x. dEYNC
10T $10%& ()-s 10%& ()-10%& () -$10%& ()- %0%& ()-%40%& ()-X. . .;

[~/ dEYNC 10T

L! $10%&' () - 3G40%& () - @&10%& () - 3%40%& () - z#10% & () - 440%g& () -/ CO} 001A
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&g#109d & GYmsAndaR (9 @Elmggﬁ(§l$1ﬂgggsb9ws that using the inventive
%{M0%& ()-1#1090& ()-3140944455x5dEYNC 10T g&10%I& () -%40%& () -

%4 0% Hn Tl Wi e (s | H 109084 o SUE DM & { Yr Xk B4 O 9GO dE¥NCeIOBEtr BN & ) - +
WQOWJ&T()-)g#lO%T&'()-Y%iO%T&'()-,#@&lO%T&'()-!%10%?&'()-6*7I7777777xan
10T! 2 {ant Ui e O ; 4040& L) e ¥4 10%&kéide, com arison of CE2

%409 ()-0%$10%& ()-7-8i 888/ 9q9dEMC 10T %40%& () - 0%@& ()-F

‘f%?‘(%%"ﬁa Bty - g S BT etk P R e nel T R g (5t .

f #1%22@3‘?355%%%@ Y= 9HBo@ ()-' " 109 () - UBLOUGE () - y#@LO0U@E () - y<<<9
—u=====dE:/ 10@ 10@; 10%&& () - 8! 10%@ ()-6

"10%@& () - 4AF #10%@ () - f 2$10%@&' () - 903%0%@&' () - ===9>s>>>: ?2XY: /

10@&f &10% & () -#10%& ()- S&10%& () - @?109&&.8)-'10%&& ()-135&10%& () -
10@ ?{ 7?7 G@¢am@Es¢nt 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.
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10@g§i %S@lg%iﬁlék 1%%%% g%co% %%%t(%ﬂwggy%aﬂg&ggggﬁtlally

identical, being bonded face-to-face.

2. The battery separator of Claim 1 wherein said film being

formed by collapsing a tubular film onto itself.

3. The battery separator of Claim 1 wherein said co-extruded
multilayered portion further comprising at least one strength layer

and at least one shutdown layer.

4. The battery separator of Claim 1 wherein a uniaxial
orientation of said first portion being at an angle relative to a

uniaxial orientation of said second portion.

5. The battery separator of Claim 1 wherein said film
further comprising four layers, the first and fourth layers
consisting essentially of polypropylene, the second and third
layers being bonded together and consisting essentially of

polyethylene.
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7. The battery separator of Claim 1 wherein said film having

a thickness of from about 0.5 mil to about 1.5 mils.

8. The battery separator of Claim 1 wherein said film having

a peel strength of at least about 5 grams/inch.

9. The battery separator of Claim 1 wherein said battery
separator has a thickness of from about 0.5 mil to about 1.5 mils

and a puncture strength of at least about 500 grams.

10. The battery separator of Claim 3 wherein each said
multilayered portion having one said strength layer and one said
shutdown layer, wherein said multilayered portions being bonded
together such that the uniaxial orientation of each portion is at
an angle relative to the other and that said film having two
strength layers sandwiching two shutdown layers bonded together,
said film having a thickness of from about 0.5 mil to about 1.5

mils and a puncture strength of at least about 500 grams.
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P relative to the other and that said film having a six-layer
construction, the first, third, fourth and sixth layers being
strength layers and the second and fifth layers being shutdown

layers, said film having a thickness of from about 0.5 mil to about

1.5 mils and a puncture strength of at least about 500 grams.

12. A method for making a multilayer battery separator

comprising the steps of:

extruding a tubular multilayered £ilm;

collapsing the tubular multilayered film onto itself to
form a multilayered battery separator precursor having two plies of
the multilayered £ilm;

bonding and annealing the precursor; and

stretching the bonded and annealed precursor to form a

microporous multilayer battery separator.

13. The method of Claim 12 wherein said precursor is bonded

by thermocompression bonding.
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laminating said first and second flat sheets to form a

battery separator precursor;

bonding and annealing said precursor; and
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