10 February 2006 MULTI LAYER BATTERY SEPARATORS Rel ated Application This
application is a continuation of co-pending application Sedf &kbmary 2006

09/ 484,184 filed January 18, 2000. Field of the Invention This invention
relates to battery separators, in particular to battery separators with

i nproved strength properties and nethods for making sanme. Background of the
I nvention M croporous filmbattery 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 el ectrodes of opposite
polarity. Typically, theMP-EEBPBEBUBALTERY SHIXPRATORDNe or nore | ayers of
m croporous nenbranes. In [ithiumbatteries, particularly secondary |ithium
batteries (rechargeable lithiumbatteries), overheating problens can occur
and cause thermal runaway in the battery. Thus, shutdown separators were
devel oped to prevent thernal Rehatad. ABpéigagioni0 February 2006 U.S. Patent
No. 4,650,730 and U.S. Patent No. 4,731,304. A shutdown battery separator
has a m cmoper agplieayivte tdad cbwSesuation of co-pending application

Serial No. 09/484,184 filed January 18, 2000.

Field of the Invention

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.,



its pores at a tenperature substantially |lower than the tenperature that
coul d cause thermal runaway in the lithiumbattery. Some null0ilehgary 206t down
separators are known in the art. For exanple, U S. Patent No. 4,650, 730

di scl oses a bilayer battery separator having an unfilled m croporous sheet
and a filled mcroporous sheet. Each sheet is fornmed separately by an
extraction process using a suitable solvent. The two m croporous sheets are

then | am nated together to formthe shutdown separator. The Celgard battery
seanaﬁorgatﬁﬁFcNOhaﬁe6§ébﬁ%ﬁnﬁﬁ9cﬁf§1ypa%%%FI%%Pe4f6?1a3ﬁénbeﬁ-of years,
are typically fornmed by a stretch nethod. For exanple, a non-porous tubul ar
pol yphopylbeneb&LEariys sefiarstt forires] dynbiovpofohm vgtnbushenth@itie dlidmdar
filmis collapsed onto itself to forma non-porous flat sheet having two
pol ypteppbese ati ascetplereitaldey suderditei a8Benbbyetrsthahatrd teh@enature
tw sting the tubular film sonewhat to prevent and renove winkles and

UneV@Hag'éB&lQUEQQBeS%HéF%aﬂ'F%ﬁ%%if“%hcﬁhéhflﬁhiﬂh'EatEQP?tant'a'|y
snooth. The flat sheet is then annealed and stretched to inpart

m croporosity therein. The two m croporous flat sheets are then de-plied
into two |ayers of mcroporous battery separator. Normally, the adhesion
force between the two -2 1 Februar 2006(§I|es |n the flat sheet nust be

sufflC|en§PWeIBHﬁ§&&ﬁyﬁﬁa Wﬂgqﬂﬂ) eparators are known in the art. For

example, U.S. Patent No. 4,650,730 discloses a bilayer battery
separator having an unfilled microporous sheet and a filled
microporous sheet. Each sheet is formed separately by an
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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plies can be separated w thout damagi ng the plies. However, when a
separator having two | ayers of the microporous polypropyl endOfhebmary 2006
desired, the adhesion force can be higher, e.g., 5 grans/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 discloses a trilayer
battery separator. In a preferred enbodi nent disclosed therein, the

separator has a palypropyl ene-pol yet hyl ene- pol ypropyl ene _construction, and
is nﬁ%léeﬁylPaFrPﬁaFilﬁg éﬁ*&eﬁo Sr‘fg%ﬁ c%l‘b%g’r%f%“é/f%y P¥. SEERhERREr Sp6r duree
layer is fornmed by a Cel gard process described above involving a de-plying
st epplies. cpat bat SRBarstedl Vo4 ts slamatins dshey pd eedpor Bageveri | ajem a
battery separator having a pol ypropyl ene-pol yet hyl ene- pol ypropyl ene
consseperaoor Aapliogakivby lefyenen-qiortes msiqupmerdayepetlyprepyisaes farlen fir st
extruded by cast extrusion. The non- porous single layers are | am nated and

bonded Hegetbgr EREOa@hepheUSHcOfcan be higher, e.g., 5 grams/inch to
pol ypr opyl ene- pol yet hyl ene- pol ypropyl ene structure. The precursor is then

anneap8g- 294 SELALONAENL OubO &l HOROKAY iy ! layg! babhatKgSeparator. 10

February 2 er of co-extrusion processes for nmaking multilayer

Publ DLAES R CKBE 8132068 515 GodthRE o T opor ous trilayer

U.S. Patent No. 5,691,077 discloses 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.



battery separator made by co-extruding a trilayer filmprecursor having a
non- por ous pol ypropyl ene- pol yet hyl ene- pol ypropyl ene const r uétiebrmans?2¢0$ a
T-die, annealing the trilayer precursor, and then stretching the anneal ed
trilayer precursor Co formthe porous trilayer battery separator. A porous
trilayer separator is also proposed in Japanese Patent Application No.
56320/ 1995 (JP8-250097A) filed by Kureha Chem cal Industry Co. Ltd. The
Kureha separator is prepared by a process that includes the steps of

co- ext r udh NgEPE ¥ | PhyeP - SEEEREESEr DEQRCASATT & SHIvErY etttk ¥bre materia
as pore formng aid, and formng pores in the precursor by sol vent

ext rieet t ony oéep&:het@m r hevebke spatbercnalpropddses! .pr éovr sorampl e S. URaPehenio.
6, 346, 350 di scloses naking a nultilayer battery separator by co-extrusion in
a blmyw {4t ¢k atesSeB The2 06, sext Heded itld en rfiildmpsrsapi wt y1 gpenched such
that it is in a substantially solidified state. The co-extruded filmis

t hen, féjpé‘f'éjtéie rehgbedyt eql @&%&hdmn%r QPLOSI 4 ¥t NEf fh r‘brg@ugggguar y

2006 A ayer mcroporous shutdown separator should be as thin

possi bl e in_ arder e ace | ples a batt and al so
tor %Kk%gé?é%?9|%9¥o?§spg?¥ﬁcgp(é % lgF%h HESISE Réhygﬁﬁﬁ%é%ﬁéseparator
must al so have suffjcient strength to_resist puncture. Punctured battery

SGWﬁQﬂ%ﬁ?ﬁ%ﬁ%PWrHﬁ*%%t?vE fhe, annealing the trilayer precursor, and

then stretching the annealed trilayer precursor to form the porous

trilayer battery separator.

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-extrusion in a blown film process. The co-
extruded molten film is rapidly quenched such that it is in a
substantially solidified state. The co-extruded film is then

annealed and stretched to impart microporosity therein.



preventing the contact between the el ectrodes of opposite polarity. Under
overheating conditions, a punctured battery separator cannotl0 Edbutarg 2086
effectively to prevent the electrolytes fromcrossing the battery
separator, and thus is ineffective in preventing thermal runaway. Battery
separators with [ ow puncture strength are difficult to handle especially in
the battery separator nmanufacturing processes. Once punctured, battery
separators are rone to splitting, i.e., tearing. Thus, it is an objective
inthe ard mélf:eﬁﬁbrérr FeralcRner @fs i Thehdovrt AoBsY # 6P nBkPHE dr Bleatdisvdlhirt hin
battery separators wth inproved puncture strength. Summary of the

| nveasi pasAibatkt eny oge€jgar atcomiirsingl 28 ctiopospasef it nocdhpibel mnhas at tfa st
co-extruded nultilayered portion and a second co-extruded nmultilayered
porthea. a1B8 tbr shdpekt icarand ddie secondanest (OR) ar eNesHbshRNEHSY Iohe
identical. The first portion and the second portion -5 10 February 2006 are
bond -t Q- f il 0 : I i a,.tubular film
ont oo PP R FRE RS aF A ST bl s et By {1 ¢ ot "auPy Al nG A SCubul ar

[ til d fi The t I filmi | 1 d to_itself t f
b aed [ TSt L el avted patpeLiell 1g Torma

preventing the contact between the electrodes of opposite polarity.
Under overheating conditions, a punctured battery separator cannot
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



the nultilayered film The precursor is bonded and anneal ed. Then, the
precursor is stretched to forma microporous nultilayered Héthebrpry 2006
separator. Brief Description of the Drawi ngs For the purpose of illustrating
the invention, there is showmm in the drawings a formthat is presently
preferred; it being understood, however, that this invention is not limted
to the precise arrangenents and instrunentalities shown. Figure 1 is a
schemati c di agram showi ng the cross sectional view of a battery separator of
t hi saFﬁvéﬁﬂii@a Raven§ord@cd -aydite Fgurea be | ierradebyt Aeléprpssnsedt i on of
anot her enbodi nent of the battery separator of this invention having four
| ayetsbuFagufél® bste Sclsenet. ¢ di agram denonstrating an enbodi nent of the
battery separator of this invention having six |layers; -6 10 February 2006
Figure 4 shows the cross sectional view of the different construction of a
battery separator of this invention having six layers; Figure 5 illustrates
the CO”Sti"Hgtégga%t%!}o*i%ergz%%&%rﬁd %Pé’zﬁé‘t%? Pigé@'éxw&{ﬁ% 0? Q%w%ﬁ! X
a or o is

| ayers; Figure I'S a cross sectional view attery separa

i nvention,having four r L ypr . [ n i nner
emaigllagereg fggm.oug%e @%9@15¥W%1r§ igxgo Spge VVgn!:o Etself to
form a multilayered battery separator precursor having two plies of
the multilayered film. The precursor is bonded and annealed.

Then, the precursor is stretched to form a microporous multilayered

battery separator.

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 yethyl ene |l ayers; Figure 7 is a cross sectional view of a battery
separator of this invention having four inner polyethyl ene 1&Kebrearndd0a wo
outer polypropylene |ayers; and Figure 8 illustrates a cross section of a
battery separator of this invention having four outer polyethylene |ayers
and two inner polypropylene |ayers. Detail ed Description of the Invention
The present invention provides a m croporous battery separator having two
portions bonded together. Each portion contains two or nore co-extruded
menbrane | ayers. To obtain greater puncture -7 10 February 2006 strength
over the prior art, i.e., a single nmultilayered separator of a given

t hi ckness Fighee dstsdetws miehtdopsposeist apnpéaviewwol et didyershitpr ecur sors
that are sized, when conbined, to have the sane thickness of the prior art
sepakraher ruthe obabifery eaparat demarna barveod whde Larngetabnt hiackinmesssix
Preferably the battery separator has a thickness of less than 5 mls,
normably, R0 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 grans. Normally, the puncture strength
is at |east about 500

Figure 5 illustrates the construction of another battery

separator of this invention having six layers;

Figure 6 is a cross sectional view of a battery separator of
this invention having four ocuter 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.



granms, and advantageously is greater than about 550 grams. |n accordance
with this invention, the nenbrane |ayers can be extruded f ridfchmeary 2006
conpositions of filmform ng polynmers suitable for naking battery
separators, preferably polyolefins. Honopolyners, heteropolyners, such as
bl ock polynmers, random copolyners and terpolyners, can all be used.

Pol ynmers shoul d be chosen such that the battery separator nade therefrom
exhibits a |ow degree of electrical resistance and_is_stable in the battery
envi EGRRBALR PHEXpSHENET 1BsiaF conpoi t i dBnSi RGBS alddtihevaded seFatakssr such
as antioxidants, stabilizers, surfactants, and other processing aids as
knowefi p theear tthicknE®sHebrhearin 006t Prevenabby, bpotlgnetrs leestchtosen such
that the battery separator exhibits shutdown properties. That is, the
sepamall @r leleses idrepores Attt eiperat ue@, typesatbybbakaw the Heerpenat ure
that coul d cause thermal runaway in a |lithiumbattery. Preferably,

pol yaLeti R jakecused d R NG bite notplimied to polyethyl ene,

pol ypr opyl ene, pol ybutene, et hyl ene-but'ene copol yners, ethyl ene- hexene
copol yners, ethyl ene-nethacryl ate copol yners, and a blend thereof.

Pol yet hyl enes such as | ow density pol yethylene (LDPE), linear |ow density

pol yet hyl ene (LLDPE), and high density polyethylene (HDPE) can all be used.
Typically?h§u LEpgy separator can have a wide’'range of thickness.

w

Preferably the battery separator has a thickness of less than
mils, normally no greater than 2 mils, and most preferably no
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 terxpolymers, 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.



pol yol efi ns can have an average nol ecul ar wei ght of from about 100,000 to
about 5, 000,000. Normally, the battery separator of this ineRttiroary@rdé bits
shut down properties, i.e., the mcropores of the separators close at a
tenperature typically below the tenperature that could cause therm

runaway in a lithiumbattery. Normally, the battery separator of this

i nvention has a shutdown tenperature, i.e., the tenperature at which the
battery separator closes its mcropores, of from about 80C to about 140C,

pr ef er abl Yraafemadbout IQOCe6S apbat Chgsen A¥ChsEdahetdien bathetyer m

"m croporous” neans that the battery separator of this invention has

m cr cegreesa toor reedH b i ¢ hslant dwenageoppoteéesi.ze Thhtabheut the0Gegarabont 10

m crons, preferably fromabout 0.01 to about 5 microns. Advantageously, the

aver U RY &t s -H 10 Fehpeaayu2006yhi ernahouk 1002 HeO taliir 2- W61 ONS.
The battery separator of this invention typically has a Gurley val ue of

from ut t t copds, ferably.fr a conds
oAbt 60 R e A R LR B Rt BT a0 B L ReRE o 1 ho
two portiqgns. .of the battery separator, of this..inyention has two or nore

|y e POIVRIRLAA Ao et SP R HGY MBS pPBE oL MO SHnkPng SLNE HREAERS,
separator. As known in the art, co- extrusion entails sinultaneously
extr@ﬁlmgQQH¥L9HQHNR9%MQ¥&ﬁFe' ethylene-butene copolymers, ethylene-

hexene copolymers, ethylene-methacrylate copolymers, and a blend
thereof. Polyethylenes such as low density polyethylene (LDPE),
linear low density polyethylene (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 éeparator
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.



conpositions through a single die, e.g., a nultimanifold internal conbining
die, joining the two or nore |layers together. Typically, thé&0Feouay 2066e
pol ymer conpositions enter the die separately and join just before they
pass through the final die orifice. Upon extrusion, the multiple polyner
conpositions formmultiple discrete layers lamnated and in intimte
contact with each other. Normally, the co-extruded | ayers becone inseparable
fromeach other w thout being subject to a bonding step. That is, it is

nor ndldopn dhtfugadi Bl t® Ppeelt ohemiayensawafher bmtde radjsepentaticay erf whihie

mai ntaining the integrity of the |ayers. Any conventional co-extrusion

t echriirgues ican dig iusedl f aias he Gpul poseadhet BIfs firaveribcnt. sFefe @EIP| €o
co-extrusion can be done by nmelt extrusion using a T-die as is known in the

art. Adgrnald \éeéabndrso %éf@f%lysw@mdggbg@ by, %el%lo‘?l\@@; ftla BRLACESS -10
10 February 2006 al so known as | m extrusion. "bl own

extru5|o%ds %@ (?as%rq?g$lt&g$a% ﬁoSXEFUQEquEQE%(gﬁ) ham)re extruders

wi t h~an anrdul-ar ar fi pari’s ving two or nore
| ayers. The tubular filmor parison is then pulled away from the die and
col | apsed or flattened using a collapsing frane, nip rolls or the |ike.
Normal ly, as the tubular filmis fornmed, a fluid such as air is

cont i nuougaghbladnt fenttore Heo¥wbanar of | Ehef Paktery separator of this

invention has two or more layers that are co-extruded during the
process of making the battery separator. As known in the art, co-
extrusion entails simultaneously extruding two or more polymer
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 -



wi thin the parison. Thus, a bubble of air is trapped within the tubular
filmand between the die and the coll apsing device. In addit9 behruay 206@
tubular filmis pulled away fromthe die, air is also blow around the film
outside surface to stabilize and quench the tubular filmfromthe 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,

bondigsQ dkeawp| e ePupter L dABheSETHRdOPwo B8y t'RdRen ifsh lak ttidees ke bef or e
they are nmade m croporous. Typically, two nultilayered non-porous flat
sheetolyenay ,cateostt 1 apsedrbubble)hdedr érbonded o fromm etatudrys sepahat or
precursor. The precursor can be bonded, and then made m croporous by a

convett ianall aetdios cknpypmi & theuakt e lfor(erapaditddray efabiaid efyo or
separator. 10 February 2006 Bonding is used to nake the two nultil ayered

por t i ong Stdakes toggtdier  (dugrt 9i@9kh%§i 8R)-188nt hat 1he, tWo oy tév@éelfy%smnot

readily separable and cannot be readily de-plied. Thus, the batt

reacutisn &2 sl s TR g B abehEel Mot E A ind TS i €
using a tension agf_ conpr essi Oﬂ&t ester to degern‘i ne iﬁ?}ﬁ . force in grans

requitYd § PSPt at Bt wo BREDRALK - whde C8EcFHEHL a5 L detl iR dnetat a

peel rate of 10 inches per mnute. The peel
fluid such as air 1s continuocusly blown onto the tubular film from

within the parison. Thus, a bubble of air is trapped within the
tubular film and between the die and the collapsing device. 1In
addition, as the tubular film is pulled away from the die, air is
also blown around the film outside surface to stabilize and quench
the tubular film from the exterior. As a result, the extruded film
is cooled to a substantially crystalline solid state before it isg
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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strength should be at |east about 5 grans/inch, preferably at |east about 8
grans/inch, and advantageously shoul d be at |east about 10 {0 Belmham@h06

Met hods for |am nating and bonding two nenbranes are generally known in the
art and are disclosed in, e.g., US. Patent No. 5,565,281, which is

i ncorporated herein by reference. Suitable bonding nethods for use in this
i nvention include cal endaring, adhering with adhesives, and wel ding. The
application of adhesives may include air atom zing, gravure/screen
printing, Byttogits spedytagnaard tilet tawomud tsgreagydmayl Odnet thos cet ok
adhesive and the rate of adhesive application nust be chosen so that the
char agdprtiledt c6dwd tdeadlad s eoy) sepataber ther med therteidnd saotnoadveasehy

af fected. The wel di ng techni que includes thernowel ding and ultrasonic

wel di a8 @npwint - nsnergy -£an; gt her smeldi ng THRIOCadIL &, andothe pattern
of weld should be chosen so that thé separator's porosity Is not” adversely

af fected. Pr efergbtl%,zs bondi ngig)pl 'gnhig invention_i.s perfaorned b
- 6

y .
thernsoe@oanrbarte%léi%n 130n]£%%ruary 26 61(‘\)’r(?d|angrj1.l or mefanpefsel,o%bn‘ﬁ?hﬁhcﬁﬁnbe

achi %vedql%cal endarin W th nijp roll's closed, .at a tenperature of at
| eastPeL @G HET i AGEPBBAL - of AEhESHE PRECIM t RESLITE TR R 18
potions, preferably at a tenperature of at |east 5C below the nelting point
of tHmearlndd aifEimg poreRdhen RBENAPMPrefai opr E€FtSeT & et eifmine the

force in grams required to separate two one-inch wide sections of
bonded membrane at a peel rate of 10 inches per minute. The peel
strength 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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pol ypropyl ene and pol yet hyl ene, the bonding tenperature ranges from about
100C to about 150C, preferably from about 125C to about 1350) Fétreany@ddéence
time at the bonding tenperature can be up to about 30 m nutes. The bondi ng
conditions for precursors made from other polyners will be apparent to a
skilled artisan apprised of the present disclosure. The nmultil ayered
portions, separate or bonded together, can be nmade m croporous by
conventional nethods known in the art for nmaking m croporous nenbranes,

i ncl deindingst AT | éxamedet obandsngeren Mt Red 1 eae et azﬁtla@frfie\imn@haweth

i nversion) nmethod, and a particle stretch nethod. Briefly, in a phase
invenmkmnxmﬂkhaﬂhaaemjcaop@rOGmpﬁEananeofcam Reafsar m2d bedowa tdenposi ti on
conprising a polymer and an extractable material. The extractable nateri al
is selsiotatd; PYethe tdhatché ps1yhsei bherwet hullke 1pglepRy Hrigast at the
melting point of the polynmer. Thus, in this process, the conposition is

heatglgrr é@rgﬂ}%@p;}% ggerh §P§%§£‘Hr8f0fatt Ega@e' R Ek}%QOfvPrﬂﬂeﬂ rm%@ﬂﬁ o 3m&3

10 F uary rane i s then extrud fromt
i qui onposi ti.on ase_se aratlo occuyrns b tvween the nmer and the
extr a% tgrf “H'atte]rjlaéf t?\%r %Fane | §m3xtllyud Takd S oﬁ%énacieerfbgr ature

is | owered down. The extractable mat er | al nay,be
polypropylene and polyethylene, the bonding temperature ranges from

about 100°C to about 150°C, preferably from about 125°C to about
135°C. The residence time at the bonding temperature can be up to
about 30 minutes. The bonding conditions 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

-13-



extracted fromthe nenbrane by a suitable solvent that dissolves the
extractable material but not the polynmer thus formng a m clopebroary 2006
structure in the nmenbrane. Optionally, either before or after the renoval

of the extractable material, the extruded nenbrane in the phase inversion
met hod may be oriented or stretched beyond its elastic limt so as to

i npart a permanent structure of a network of interconnected m cropores. Any
nmet hod of stretching known in the art may be suitable for this invention.

Stretching can be in the uniaxial or transverse direction. See, e.g., US.

Pat eRhaRg. 5A28eMbIanend <) diesraided MRl i e | bamaeensss20/i005] fil ed
by Kureha Chemi cal Industry Co. Ltd. on March 15, 1995, both of which are

i ncorpopateédiber.ei Phasa efegreenge.oByod pard ildtevestémeticd pelhodt issnd nirended a
met hod of formng a mcroporous filmby stretching a precursor film nade

fromegrpakyfBle Mktkriafll ldLEhM themotdge fid | &fsrdispessadyhieeivhe The
stretching results in pore formation due to stress concentration, mhereby

the tEfnb@rbEuEr%nq%rqgw@r%r RYWQLS: AN Dartd ol 8881 %Egr &hﬁg pown

the art may be used or |ng thls I nvention. Exanp suc nethods can

4. 3507558° 5060555 2 R IAPS 095, 1T T b S Gr 851 hEBF pBA Set 1 ei n by

ref er ence. ,
the extractable material but not the polymer thus forming a
microporous structure in the membrane. Optionally, eithexr before
or after the removal of the extractable material, the extruded
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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Preferably, the mcroporosity in the battery separator of this invention
are inparted by a stretch nethod, which involves subjectinglpFebrhanyr2®d6
non-porous flat sheets to uniaxial or biaxial stretching to nmake them

m croporous. Broadly speaking, the preferred stretch nmethod includes
annealing the nultilayered non- porous flat sheet(s) (separate or bonded
together), and subsequently stretching the annealed flat sheet(s). By way
of non- limting exanple, suitable nmethods for this purpose are disclosed

whi s Bl Woad 202 2008 B 800 815 Sndops i e e et g

after the extrusion, the non- porous flat sheet(s) are anneal ed before

furt ATt QR HET RS general |y known in the art, annealing is a heating
process which inproves the crystalline structure in the precursor and
facilitates the mcropore formation during the stretching step. Annealing
can be conducted by any conventional nethods. For exanple, the film

precur sor mafeasiont acliedmittbparbeatedinolktheobaa thest edpmiaor pbat €higr
can be heated in air or an inert gas. Alternatively, the filmprecursor can

be WoUAL A QN A CESs APEa heat 8dst Belchokkthelm Wil daseausphase. A
rel ease sheet such as pol yet hyl ene -15 10 February 2006 terephthal ate fil ns,

fluo@d%%éé%ﬁﬁ%fﬂéégkofmghpﬁ@ﬁ£p8£oﬂga%&gg sheets to uniaxial or biaxial
stretching to make them microporous. Broadly speaking, the
preferred stretch method includes annealing the multilayered non-
porous flat sheet(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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films coated with, e.g., silicone resin, may be used to prevent the

bl ocking of the filmin the roll form Typically, annealing t&Hetyuary 2006
performed at a tenperature of from about 90C to about 150C, for a tine
period of fromabout 5 mnutes to about 30 m nutes. The anneal ed film
precursor can then be stretched (or "oriented") to cause the formation of
m cropores in the structure of the filmprecursor. Typically, the anneal ed
filmprecursor is wuniaxially stretched in the nmachi ne direction and

opt | Q’% e&%th’&latt%e éfl%v 1§§od1dir§§‘3£é8£‘n3§l }E]', : aﬁr ;%B&QE”% né(]?'é’de

severa step . aw ng step, step, a rel ax

treat The rel a heat-treatin te i reduce
|nte%&gl stP§§ 4ﬁﬁ1t?mgseﬁ%xgi%?n%nﬁeﬁhQ b@agcg nﬁ??éhé& RASEE tHes
negative draw ratio or substantially no draw tension_at variqQus heat
pr of PLesk1ger efc ke feain ben at}t%n’{‘i’ﬁhoﬁgr‘ﬁr 0CE¥BICRLVor ABESIAH gk AN be
containing a draw frane. The tenperatures and draw ratios can be set by a
sklIpedf@mmﬁ§aﬁmmaIﬂﬁﬂpanﬁnmree&%efx@@n@@@ubn90T¢lQprmbw@tréaoéﬂboﬂoneat
each co-extruded nultilayered portion in the battery separator of this

i nvetimenphas oat dfedstowwngbod rengitut @yetoaadoat beastinafesshut down | ayer.
As used herein, the term"shutdown |ayer" refers to a m croporous nenbrane
| ayer -16 10 February 2006

The annealed film precursor can then be stretched (or
“oriented”) 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. Stretching 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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that closes its pores at the shutdown tenperature of the battery separator,
i.e., arelatively |ow tenperature of from about 80C to abolft Febzsry 2000
contrast, a "strength layer” is a mcroporous nenbrane |ayer that has a
substantially higher 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.
Preferably, the shutdown |ayers in the battery separator of this invention

are npde @foesﬁ}%yyieéé" S0Es LNYhenerbUbEng ceRplotinls AU RNGspr opyl ene

copol yners, | ene-"hexene copol yners, or a blend thereof. Prefer y high

densi t ol,yet hyl ene (HDPE) | s.used. Nore referred,. the HDPE has_a_ depsity
Fangi TP T D, G55 = 0 eaL 3 H LY ( ASIF BT Shid S FI TG v 6. B9
0.33 dg/mn @01900 2.16 Kg (ASTM D1238). The strength layers in the battery
separttBtt of35 i s Fhvetiti bAaStypRcafFyeRPENMRAY SE Pl VhrbH RIS a

pol ypropyl ene copol yner. Preferably, a polypropyl ene honopol yner having a
densintgmipfarsh oty € 90519/ leas (ASTNPBLBOS)  aaAd & ilkewfneldbiog dobiy/ 10ngn, @
230C/ 2.16 Kg. In a preferred enbodi ment of this invention, the two

mul t idayer echgrar t ipnstefab g babtier yesepar arae areesithst dndviend | typidentical
and are bonded together face-to-face. By "substantially identical", it is

i nt ended- A dman £ hati ddhes kg bendedemul thtayered Jrordionm@repimlar to

each other with respect to their physical
separator at a relatively high temperature. Preferably, the
shutdown layers in the battery separator of this invention are made
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 gimilar to each other with respect to their physical
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-17 10 February 2006 structures and chem cal conpositions. As used herein,

the term
are bonded
symetrica

"face-to-face" means that the two substantially idd6tiebalarp2ids ons

t oget her such that the two portions are substantially
Ily arranged in the resultant structure as shown bel ow in

reference to Figures 1-8. Figures 1-8 are schematic diagrans illustrating

t he cross
separators

sections of sone of the preferred enbodi nents of the battery
of this invention. Each enbodi nent has two | ami nated portions

that haMe-dWwe Pradlren&h €x1 rogdagdobayerss As aghewed hefdgir &1e #9@£ efy

separ at or

porti,
Iayerq%%kg

bil ayer str
I ayera?fB%D

10 has tmo substantially identical portions 12 and 12'.

néya po ye %;ﬁyd@ﬁaf Lﬁxeggo %wgtc%%laaaﬂ & ol y@;g@{g'agge

yl'ene ayer ortion as ‘a co-

cludin 0 Iene | ayer 14' and .a eth | ene
et 5% on a5 LR e gen e me | Tt by aoe

manner such that the two polyethglene | ayers 16 and 161 are in contact with

each ot rigeldiyerangehel Bat

22' ., which

Br yeseparatostIOtas e e FEravonse 2owahd
are sane as the two portions 12 and 12' in Figure 1. However,

the tnedf prETideon IR datdery-8eparator 20 are bonded face- to-face with the

two pol ypr

opyl ene |l ayers in contact with each

Figures 1-8 are schematic diagrams illustrating the cross

sections of some of the preferred embodiments of the battery

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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other. - 18 10 February 2006 Referring now to Figure 3, each of the two
portions 32 and 321 of separator 30 has a trilayer structureO#dbuadi@006

pol ypropyl ene layers 34 (34') and 38 (38') sandw ching a pol yethyl ene | ayer
36 (361). The two portions are bonded face-to-face such that the

pol ypropyl ene | ayers 38 and 38" are in contact with each other. Figure 4 is
anot her exenpl ary enbodi nent of the battery separator of this invention.
Battery separator 40 includes two identical portions 42 and 42' bonded
toget her. Each portion has a co-extruded trilayer construction including a
pol ypropyl ene | ayer 44 or 44' sandw ched between two pol yet hyl ene | ayers 46

and 48, orp. A6y angd 48, Jhe; LuP.Pertbgns afre chanded face-tg:d h, 4 hat
polyethyléﬁgﬂiéygggrh8 ahd 4% a?e in contact with ea%%)ofﬁg}.qggfgggi%% now

to Figure 5, the ttery separator_ 50 has,two tions 52 and 52'. Each
por t i%n Fr&S & 551 &Zq H'if’?%n ﬁﬁlg?y?§488fucgif'r)e gﬁ?fq we Cad® é’é)rﬁoiﬂél%? opyl ene
| ayers (56 and 58 or 56' and 58'). The two portions are bonded together
f acelegrsrac 8%y Hondiarf 1he(Iho) porPErpRLEHe 2l BPdSthy Iene SRYEIThES t wo
portions 62 and 62' in the battery separator 60 shown in Figure 6 are
i dent(i3&dl) .t o THee twep portions anethenBatt énye-sepdratorsusth shmn the Fi gure
5. However, the two portions 62 and

polypropylene layers 38 and 38' are in contact with each other.

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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-19 10 February 2006 62' are bonded together by bonding the two pol yethyl ene
| ayers 64 and 64' together. Thus, in battery separator 60, i0&ebruast2006
second, fifth and sixth |layers are polypropylene |ayers and the third and
fourth layers are polyethylene layers. Figure 7 shows battery separator 70
whi ch has a hexa-layer structure having two portions 72 and 72' bonded
together. Each portion has two pol yethylene |layers 74 and 76 or 74" and 76'
and a polypropylene |ayer 78 or 78 . The two portions are bonded together
by bendi ng-d ke Ryt e haNEl &g 76handwbbpo1l,RaeiNehne 11 FiOLrg, 8,
the two portions 82 and 82' of the bat?ery separator 80 are sane as t%e t wo

i 7 i F A/ i d 82
port Q%S 66,12f gc%%etléxeff n %lg&g € in bgé?%g/t %\ggér%ggrt o) p%'i'xte: %SE&Z an

are bonde - ace bondi ng 0 Fopyl'ene 1 ayers 88 and 88
toget her. Thys,. .the patter eparator 80 has a hexa-layer structure with
b ARG oA IEAE Ty ol & Shadar  hE L BOE BRI ST Bur SETRe iy dHes | ayer .
Preferably, the two nmultilayered portions in the battery separator of this

i nverrtiigy ang dovanded avess o3 sPplyedhyhaRer layere.-, the uni axi al
orientation of one portion is at an angle relative to the uniaxi al
orientation of the other portion. The angle can be within the range of from
about O to about 90.

Figure 7 shows battery separator 70 which has a hexa-layer
structure having two portions 72 and 72' bonded together. Each
portion has two polyethylene layers 74 and 76 or 74' and 76' and a
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°.
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-20 10 February 2006 Cross-ply can be achieved by cross-ply |anm nating the
two nmultilayered portions at the tine of bonding the two nul® Fetayayef06
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 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 tenperature rangi ng from about

100C teoamﬁnylé@@, pat aabaWveP %y dr 1y 1856 ndbenyopdengyubenperature is
chosen so that the two |layers are united and stick together to achieve in

the f%{?it?tﬁg?fe?é&t ﬁb%ti%‘?% aLor 1 SUffd Cﬁiﬁnﬁoﬁﬂbﬁ%i &E‘e“ﬁ&zBO{njE%@fifl A the
nol ecular orfentatfon in the precursor. e pressure exerte y themnp
rolls can.be greater than 1 pound per linear inch (pli), or fromabout 1 to
about P8*piPSor preferably, about 1.2 to about 2.5 pli. The target adhesion
is at | east about 5 granms/inch, preferably at |east about 10 grans/inch.
Anneal ing of the battery separator precursor 110 can be perforned at
tenperatures ranging from 105-150C, preferably from about 110 to 130C if
pol yet hyl efee bat ypropyplepre sdre emsoysthr ot hert kemdadndgdt enperatecded.
shoul d be wused for other polynmer enployed.
Bonding is for joining together the two laminated portions of the
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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10 February 2006 As a result of the twisting of the tubular film when the
tubular filmis collapsed onto itself to forma battery precl® Eehruaryt2q86

uni axi al orientation of one portion is angularly biased against the

uni axi al orientation of the other portion, and thus cross-ply lamnation is
achieved. A cross-ply battery separator can be obtained after the
subsequent steps of bonding, annealing, and stretching as described above.
This invention is further illustrated with reference to the exanples set

forth bel owg Ln Lg1EolOWHY QXA RS, o U hEY e iiBu1 ABABHIR] BKehne ASTM
D-726(B) nethod. As used herein, Qurley is the resistance to air flow

nmeasur e the,CGurl e nsonet er . 0. d 0). Ih | ey. val ues set
forth H§V2¥ﬁ E%%meiﬁrégggégﬁf t?ﬁ§§n%%f?apsgéogé%mr%q%ﬁ?ggy%opé5§¥§ﬁﬁﬁfof
air through one square inch of product under a pressure_12 2 inches of
vat er thpeBpiskiengPhieREREsi Vh)° QrRA U5 Rgt R ?Eﬂ§¥651¥n81a§8ﬁpﬁ&§ﬁQﬁﬁ
tester to determne the force in grans required to separate two one-inch
wi de Sket boasxéklbomdedtrdnitnramel U gpidedr pareies. 18nfdnthes/ sirestse plThr ee
measurenents are taken across the web and averaged. The thickness of the
bat t el ymsepaiahol si achBaswded 7y dihesd4b]l w88t aeyhsdpdesebopednubder t he
auspi ces of the Technical -22

obtained after the subsequent steps of bonding, annealing, and

stretching as described above.

This invention is further illustrated with reference to the
examples set forth below. 1In the following examples, Gurley is
measured by the ASTM D-726(B) method. As used herein, Gurley is
the resistance to air flow measured by the Gurley Densometer (e.g.
Model 4120). The Gurley values set forth herein are expressed as
the time in seconds required to pass 10cc 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

T411lom-83 method developed under the auspices of the Technical
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10 February 2006 Association of the Pulp and Paper Industry. Thickness is
determ ned using a precision mcroneter wwth a 1/2 inch di anmd0diebruagyi 2004l ar
shoe contacting the sanple at seven (7) psi. Up to 30 individual mcroneter
readi ngs taken across the width of the sanple are averaged. Puncture
strength is neasured as follows: up to 30 neasurenents are nade across the
wi dth of the stretched product and averaged. A Mtech Stevens LFRA Texture
Anal yzer is used. The needle is 1.65 mmin dianmeter with 0.5 mmradius. The

rat e aQfsodesGent dSSé%é”ﬁéiﬁ bhse AMPYAL sty def hgghikoR s 6 mm  The film
is held tlght |n the clanping device with a central hole of 1I.3 mm The

di splage LTy Of e L1 st ups. oL ereed by, yhe 1nCF\e%|l€“bey S

recor e§ agalnst e tance force %ﬁétgran1 orce)’ “deve

tested f|In1 The ﬁBXIﬁUﬂ]FESIStanCE force is the cture stren
Examié§ULeEL SBRE GRS T diat TP %aﬁﬁl%@veﬁEg yspﬁlconVBnt|o§£
trilayer battery separator having a polyethyl ene-pol ypropyl ene- pol yethyl ene
( PE/ PPARR) dvgds Mgatmet sahdr prépeg edtdifea 2GR9eAt Fbﬁa}"ldﬁénﬁér the dnobd
filmextrusion process. CE2 is a conventional trilayer battery separator
havi agea aPRrBEEER construction and -23

Puncture strength is measured as follows: up to 30
measurements are made across the width of the stretched product and
averaged. A Mitech Stevens LFRA Texture Analyzer is used. The
needle is 1.65 mm in diameter with 0.5 mm radius. The rate of
descent is 2 mm/sec and the amount of deflection is 6 mm. The film
is held tight in the clamping device with a central hole of 11.3
mm. The displacement (in mm) of the film that was pierced by the
needle was recorded against the resistance force (in gram force)
developed by the tested film. The maximum resistance force is the

puncture strength.

Examples

CE1 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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10 February 2006 prepared in a conventional manner by a blown fil m extrusion
process. CE1 and CE2 are not made the inventive technique. EIQFgrpary2006 E3,
and E3A are exanples of instant invention. El and E1A start with three

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

PE/ PP/ PE/ PE/ PP/ PE. E2 starts with a three |ayer parison, PP/ PE PP, and
yi el ds a hexa-|ayer product, PP/ PE/ PP/PP/PE/ PP. E3 and E3A start with a two
| ayer parison, PP/PE, and yields a four |ayer product PP/ PE/ PE/ PP. All

exanpbespNesE 1RAL EAndeRONVEANI aRdndFBMIENa Wildin GONWeNdtonadi smterial s: PE
- HDPE, density = 0.959 g/cc (ASTM Dr792), MFlI = 0.42 dg/mn @190C 2.16 Kg

(AST ); - ~bsotactic PP _ densjty = ) D 1505),
VFI Eﬂ %%g%%Omé%g %%38?25%% P%t Iglraé%u%?{ S ésnl]fletqétglg?eegérée:%%r&f%gév: n Table 1.
TABLE 1 CELE1E1ACE2E2E3E3A Thickness (ml)11.21.10.83-1.1-1.21.11.1 1.05

Qurl ey (Sec)263227-2825-3334-4430-3135-36 Puncture

St rengt h354445- 455400- 495400- 495580- 620544- 566561- 562
El, E1A, E2, E3, and E3A are examples of instant invention.

El and ElA start with three layer parison, PE/PP/PE, and yields a
hexa-layer product, PE/PP/PE/PE/PP/PE. E2 starts with a three
layer parison, PP/PE/PP, and yields a hexa-layer product,
PP/PE/PP/PP/PE/PP. E3 and E3A start with a two layer parison,

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 El ElAa 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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(g) Adhesion* (g/in)NANR27NA10-1832-40NR NA - not applicable; NR - not
reported; * - adhesion is between the bonded plies, individlbFepoasx200aded
| ayers are not separable. -24 10 February 2006 Conparison of CEl and E1l, E1A
shows that using the inventive technique yields a separator with
significantly greater strength at equival ent thicknesses and Curl eys.

Li kewi se, conparison of CE2 and E2, E3, E3A shows significantly greater
strength at equivalent thicknesses and Gurleys. The present invention nay
be enbodied in other forms without departing fromthe spirit and the
essential @tpibutes theceef anqapd, ag@oLMNG Yhdrefarapseshouhdehe;rde to
t he appended clains, rather than to the foregoing specitication, as

i ndi cat t SCO o] ' t r.uar 0 Ul D_LS:
Nt b TR s e L L

co-extruded nultilayered portion and a secqond co-extruded nmultil ayered
[xnti?ﬁHlV%ﬁﬁ%Ff??kg%%%?F?gnaﬁﬂdg§§ﬁﬁy§ecoﬁ& WH%%M]QRQH&f%ﬁ%%t%ﬁt?%PIy

and E2, E3, E3A shows significantly greater strength at equivalent

thicknesses and Gurleys.

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.

-25-



identical, being bonded face-to-face. 2. The battery separator of Claim1l
wherein said filmbeing formed by collapsing a tubular film ddFebruarye0D6 3.
The battery separator of Claim1 wherein said co-extruded nmultilayered
portion further conprising at |east one strength |ayer and at |east one
shutdown | ayer. 4. The battery separator of Claim1l1 wherein a uniaxial
orientation of said first portion being at an angle relative to a uniaxi al
orientation of said second portion. 5. The battery separator of Claim1l
wherein said film further compATSIIeg dIIMERYES s, the first and fourth

| ayers consisting essentially of polypropyl ene, the second and third

| ayers being bandegk: t 889t Bepa2AtdogonBshphiirg regsential ly of  pol yet hyl ene.
-26 10 February 2006 6. The battery separator of Claim1l wherein said film

further comprl Sl g shaoLayeEse L Renssaand Ad Akl Ly Iausime ponsi sti ng

essentially of polyet ene, the first, “thi fourth and sixth |ayers
consi sting essentially.of polypropyl ene, sai third and fourth_ | ayers being
bondd HoEirres BoRtiOBERer B SERRRA: 50" Br e T ALl EFTT apm .
havi ng a_thickness of fromabout 0.5 m| to about 1.5 mls.

said first portion and said second portion being substantially

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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8. The battery separator of Caim1l wherein said filmhaving a peel strength
of at |east about 5 grans/inch. 9. The battery separator of GOdiebrihrynd@oei n
said battery separator has a thickness of fromabout 0.5 m| to about 1.5
mls and a puncture strength of at |east about 500 grans. 10. The battery
separator of Caim3 wherein each said nultilayered portion having one said
strength | ayer and one said shutdown |ayer, wherein said nmultilayered
portions being bonded together such that the uniaxial orientation of each
portion issat wBneabpgkteecr§l akipuearert ket atleim andvtidedisasdifi EAmkavi ng two
strength | ayers sandw ching two shutdown | ayers bonded together, said film
havi ng, g i di cknessi 0f nfr emkabayle Q. 5 dAd gecb@&ptgnéﬁfmlfag fgsa puncture
strength of at l|least about 500 grans. -27 10 February 2006 11. The battery

separtor; ol SloL i heroln sogh Sl i ] yeretdgor Lon hoviag, Lo sai¢

streng ayers sandw C on hu wn [ayer’,” sai ers
and sai$ shut do | ayer, wherein the twnlgglttga red portions being bonded
t ogetHe? SECh +REETEhECHARSLIRE 65°EREA ¢t HERY b#Fs SRi&n angl e

relative to the other and that said filmhaving a six-layer construction,
t he filrkyd andréourolripyang bexng bayslesl BIRFhestrength | ayers and the
second and fifth |l ayers bei ng shutdown

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.

-27 -



| ayers, said filmhaving a thickness of fromabout 0.5 ml| to about 1.5
mls and a puncture strength of at |east about 500 granms. 12.10Achmtaho2DObor
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 nultilayered film bonding and anneal ing the precursor; and
stretching the bonded and anneal ed precursor to forma m croporous

mul tilayer battery separator. 13. The nethod of Claim 12 wherein said
precursor is bonded by thernoconpression bonding. -28 10 February 2006 14.

The met hoq] ©f Cz’*r?é Q&W@éﬁa?&grmkttham @dwm%l%r eddd Rdas two

Iayers i nc udlng tdown |ayer and a strength | ayer. 15. The net hod of
ereln strength | aye Si e tlaII of | yl ene,

and gh i\ﬁ%ﬁe o ?3%%|s sgessen F?rgngéﬁoﬁygihy &he. Wﬁ?ﬁgﬂg

nmet hod of Cla|n112 rein said ngltllayered tubular filmhas three |ayers

i ncl Gdihg b smt&ﬁafrh }ayRT s SahdwPERPAGER layers and said shutdown

layer, wherein the two 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 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 film;
collapsing the tubular multilayered film onto itself to
form a multilayered battery separator precursor having two plies of

the multilayered film;
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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shutdown | ayer. 17. The nethod of Claim 16 wherein said strength |ayer
consists essentially of polypropylene, and said shutdown | ay&? Felwomyi2606
essentially of polyethylene. 18. A nmethod for nmaking a multilayer battery
separator, conprising the steps of: co-extruding a first nultilayered fl at
sheet; co-extruding a second nultilayered flat sheet; |am nating said
first and second flat sheets to forma battery separator precursor; bonding
and anneal ing said precursor; and -29 10 February 2006 stretching the bonded
and anneal ed precursor to forma nultilayer battery separator. 19. The
met hod of Claim 18 further conprising extracting an extractable materi al
from said f eCUROMmethod of Claim 12 wherein said multilayered tubular
film has two layers including a shutdown layer and a strength

layer.

15. The method of Claim 14 wherein said strength layer
consists essentially of polypropylene, and said shutdown layer

consists essentially of polyethylene.

16. The method of Claim 12 wherein said multilayered tubular
film has three layers including two strength layers sandwiching a

shutdown layer.

17. The method of Claim 16 wherein said strength layer
consists essentially of polypropylene, and said shutdown layer

consists essentially of polyethylene.

18. A method for making a multilayer battery separator,
comprising the steps of:
co-extruding a first multilayered flat sheet;
co-extruding a second multilayered flat sheet;
laminating said first and second flat sheets to form a
battery separator precursor;

bonding and annealing said precursor; and
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10 February 2006

stretching the bonded and annealed precursor to form a

multilayer battery separator.

19. The method of Claim 18 further comprising extracting an

extractable material from said precursor.
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