Docket 2000. 150 METHOD OF MAKI NG A COWPOSI TE M CROPOROUS MEMBRANE Fi el d of
the I.nvention A nethod of making a conposite m croporous nenbrane is

di scl osed herein. Background of the Invention M croporous nenbranes are
known. See, for exanple, Kesting, R, Synthetic Polyneric Menbranes, 2nd
Edi ti onpodieén Ybeyi1&oSons, New York, NY (1985). M croporous nenbranes have
many uses including, for exanple, separation, filtration, diffusion, and
barrier applications. These broad applications have been practically
applied in nedi cal devices, r agheni eyl , em cal processing
devi ces, pharnmaceuti cal devygtggiﬁgggggkagb&ébgggigﬁFT%Q nanme a few. The
functionality of a m croporous RQUPs conpl ex function of
particul ar application and the structure (e.g., strength, pore size,
porosity, pore tortuosity and thickness of the nmenbrane) and the
conposition or chemical naturBieidthé mbebiavent@bnen tines, these and

ot her variables of the nenbrane nust be hand tailored to the particular
appl i cati on. ATheshbai bar magiah thecmplriare tairde pnodblesmitand orst he
menbr ane engi neer. For exanple, the functional polynmer best suited

disclosed herein.

Background of the Invention

Microporous membranes are known. See, for example, Kesting,
R., Synthetic Polymeric Membranes, 2nd Edition, John Wiley & Sons,
New York, NY (1985}. Microporous membranes have many uses
including, for example, separation, filtration, diffusion, and
barrier applications. These broad applications have been
practically applied in medical devices, electrochemical devices,
chemical processing devices, pharmaceutical devices, water
purification, to name a few. The functionality of a microporous
membrane iz often a complex function of particular application and
the structure (e.g., strength, pore size, porosity, pore tortuosity
and thickness of the membrane) and the composition or chemical
nature of the wmembrane. Often times, these and other wvariables of

the membrane must be hand tailored to the particular application.



for the particular application cannot be fornmed into a m croporous
menbrane, or if it can be nade into a m croporous nenbrane, that nenbrane
is structurally deficient. Attenpts have been made to blend the functional
pol yrner into anot her polyner that is better able to forma m croporous

menbr ane. 'rﬁégokmeelﬁgno\ﬁortm %en&%e‘ Q%@rweeg%l Bt M al 45503

Attenpts have coat or am nat e fun yrrer % a
m cr opor

0 e. This _solution, ho e often r S|nth
funct oWET"BBBP%SPgE)FFﬁHu o oSt SR TR L G heb EPbhobens suited
menbrane. Accordingly, no satisfactory solution has been found. U S. Patent
Publ i cafP&ntRe. P?G%SFB%@EZ?@P&P%% CRIFEh&E  FOmerhki MO a? CBRpESPPECOUS
m croporous nenbrane. There, a nonporous precursor [paragraph 0059] is

coat ed [npmbagnapho®075] iwi rthara bgelvealsl 6 ol yneri § paragrap m@oFtinandthhen
the coated precursor is stretched to form pores [paragraph 0075]. The

stretchiegbshep s stuttheradascradiadiantd tn-tsdgi Priocesshéoel Hdhagra
Iovv-tenperature stretching foll owed by a high-tenperature stretching

Lpar agr ghlag 0823 runl098na91 501yl NG R, JBRRES Sen DOVEN Che Ao PoCd

to provide a better process ng conp05|te Cropor ous nenoranes

Sunmmar the I.nventio .
ya%&e to form a mgcroporous membrane. This solution can work in

some instances, but not always. Attempts have been.made to coat or
laminate a functional polymer onto a microporous membrane. This
solution, however, often results in the functional pelymer blinding
or f£illing the pores of the microporous membrane. Accordingly, no

satisfactory solution has been found.

U.S5. Patent Publication No. 2003/0104273 discloses a method
for making a composite microporous membrane. There, a nonporous
precursor [paragraph 0063] is coated [paragraph 0075] with a
gellable polymer [paragraph 0071] and then the coated precursor is
stretched to form pores (paragraph 0075]. The stretching step is
further described as a two-step process including a low-temperature
stretching followed by a high-temperature stretching [paragraphs

0093 - 0095, 0123 - 0124, and 0144].

There is, however, a need to provide a better process for

making composite microporous membranes.



A nmet hod of making a conposite m croporous nenbrane includes the steps of:
coating a nonporous precursor filmwth a polynmer conposition, and then
stretching the coated nonporous precursor, Stretching includes a first
stretching conducted at a first tenperature and a first stretching rate and
a second stretching conducted at a second tenperature and a second
stretching rate. The first stretching rate and the second stretching rate

are different. Description ofyhhgriN¥entihan 1A CYIQS te ncroporous
menbrane is a m croporous ne g, ;- a m croporous
Substrate w th L.Gr QRO caqat | t least o urface_of the
substrate. emgggFﬁnggnggﬂig’ %h#ﬁﬁ?éﬁlﬁknﬂ%éﬁ? %éé%go eﬁgﬁagﬁbﬁ??ng?s
Mul tiple coatin%s %ay resi de on one or both of surfaces of the substrate,
and coatPRg8t6R® 6 SPEL1REy AF IR EMRAHTEE Y tihiel Bt ek s7 deol yrer
coating (or nultiple coatings) may al so reside between two substrates, as
wi |l beocupssasses .  banewt e |s¢xidtath igise dth et e nenro thee ussedur herei n,
the nenbrane may al so be a hollow fiber nmenbrane. The substrate nust be
capabl esotebehiggni e 1nidersoporfduss thys tirke: CEGARR phoeesd . aThe CELEARD

process, also referred to as the 3 "extrude, anneal, stretch” or "dry
stret cht .RHECEsBrLXHUELT i& st stretching rate and a second stretching
conducted at a second temperature and a second stretching rate.

The first stretching rate and the second stretching rate are

different.

Description of the Invention

A compogite microporous membrane is a microporous membrane
having, at least, a microporous substrate with a microporous
coating on at least one surface of the substrate. The coating may
be on one or both surfaces of the substrate. Multiple coatings may
reside on one or both of surfaces of the substrate, and coatings on
one side may differ from those on the other side. The coating (or
multiple coatings) may also reside between two substrates, as will
be discusged below. While flat sheet membranes are discussed

herein, the membrane may alsc be a hollow fiber membrane.

The substrate must be capable of being made microporous by the

CELGARD process. The CELGARD process, also referred to as the



sem -crystalline polyner and induces porosity by sinply stretching the
-extruded precursor (no solvents or phase inversion are used). testing,
Synthetic Polyneric Menbranes, 2nd Edition, John Wley & Sons, New York, NY
(1985). The sem -crystalline polymers are preferably polyol efins. Mst

pref err egk@red8i ghneensi t yrrpekyet byl ewe HRB: add helddsopyLengudEl) o HDPE
has a density in the range of 0.94 to 0.97, preferably 0.941 to 0.965. HDPE

has a c [ 0 r r i, t gﬂgﬁgo

to 500,%%%? §$g§ﬁ$???ﬂ%ngéggﬁ%pégggggd%fg%iRf%ﬁ?@ﬁ%%’ggﬁ épre r% fgp?ﬁgﬁ?
grade h pol he coatin oes - nat _have tq be capabl e. of bein e

nicropo?%%sgﬁ§g§ﬁ§dCéf%ﬁﬂ%%ﬁkbgg%s%O+H§ngghf?h qﬁﬁvi8€R§ﬁ§sl%%l?ﬁ%rgsggg‘

copol yner, or bIendﬁé%hese ol ynmer, conmpaositions are discussed in greater

detail PeFbwWpdt ha¥PWrEL1pr SPlad e dEgibddies undd Gl 190t oTee Bohposkt e
menbrane. The term'coating' is used to describe several possible nethods
of depoSongngNeweYpokyndY (38mBosi tiThe erwmo tchey shddstimsg ol ymene aet hod
(coating nethod), a solution containing a polyner or a nolten polyner is

appl i edptetgrabldi ppilpelefaklsi.ngMdets pricdldrdmng Hrd Midg, ddisshyng, etc.) to
the substrate, then the solvent is driven off or the polymer solidifies

and the,polypel1bscadhened tad bR1sHhsifAlge | p@not hespimeihed, 4LAR1 pating
nmet hod), a discrete filmof the pol'ymer “conposition is
the range of 0.94 to 0.97, preferably 0.941 to 0.965. HDPE has a
molecular weight up to 500,000, preferably in the range of 200,000

to 500,000. Blown film grade HDPEs are preferred. PP are

preferably film grade homopolymers.

The coating does not have to be capable of being made
microporous by the CELGARD process. The coating may be any
polymer, copolymer, or blend (these polymer compositions are
discussed in greater detail below) that will provide the desired
functionality to the composite membrane. The term ‘coating’ is
used to describe several possible methods of depositing the polymer
composition onto the substrate. In one method (coating methed), a
sclution containing a pelymer or a molten pelymer is applied (e.g.,
dipping, rolling, kiss rolling, printing, brushing, etc.} to the
substrate, then the solvent is driven ¢ff or the polymer sclidifies
and.the polymer is adhered to the substrate. In another method

{laminating method), a discrete film of the polymer composition is



4 formed and then that filmis adhered to the substrate. In another nethod
.(casting nethod), the polyner conposition (either a solution or nolten) is
cast on to the substrate and the cast |layer is adhered to the substrate. In
anot her nethod (co-extrusion nmethod), the polyner conposition is

co- ext r odededi &hdt bResubsttate 1and sa adiddda |ty athd idubdsrd s medrd henebder
Each of the foregoing nethods are equally viable nmethods for applying the

pol ynermgeﬁgasi@hgei]@gi mte%oa?bsttﬁ@ o1 AR L RIGR M o depend; OP, ; aB0NGe i on

ot her things, the a nity of the polymer conposition to the substrate,

film TormaBilLhy ok Lhgcpolyier (Gamosdd.an.. and aid idgeof Lhe, solidified

p0| ynmer conposition to Tormpores. he term a as usea above neans

with or w thoyt adhesive, Dependi ng upon H?e ol r conposition, adjuvants
(e.q., AURFFPArFEs PE FONEFyoLRe  Sir PROE VnSIiiet (4 PoryHeron method)
conposition) or adhesives may be necessary to facilitate adhesion of the
pol ymer the PRéYBEBSEPAPSSitACEadls ¢ tod ustasy of M rdehotshstitates podsiabl e
to apply the pol yner conposition in solution. Such solutions nay be either

sinpl e salutirdagetefdlm dal fentned uhepabyner Rarpasi tilon HvreSHe NG ORGAOr
enul sions) or nore conplex solutions, such as those wused in the TIPS

(ther mahrbn¥gLSL 0D RAASA S @RAMRIIO PP REASS Y tHé“béE?ﬁ%%“c@Mﬁé@&El@H to

process. In those nore conplex solution
the substrate, the choice will depend on, among other thingsg, the
affinity of the polymer composition to the substrate, film
formability of the polymer composition, and ability of the
solidified polymer composition to form pores. The term ‘adhered’
as used above means with or without adhesive. Depending upon the
polymer composition, adjuvants (e.g., auxiliaries to modify the

surface tension of the polymer composition} or adhesives wmay be

necessary to facilitate adhesion of the polymer to the substrate.

In each of the foregoing methods, it is possible to apply the
polymer composition in scolution. Such solutions may be either
simple solutions (e.g., solvent plus polymer composition or
suspensions or emulsions) or more complex scolutions, such as those
used in the TIPS (thermal inversion phase separation) process or
the solvent extraction process. In those more complex solution
proéesses, the solution will comprise the polymer composition, an

extractable {(which can be immiscible with the polymer composition



processes, the solution will conprise the polynmer conposition, an
-extractabl e (which can be inmm scible with the pol ynmer conposition at one
tenperature but not at another), and a solvent (which both the polyner
conposition and the extractable are m scible and which can be readily

(conpargd d0etbempxisectabbetl hem ke apokyaR)  CAMRS ANt | etk JK giRdhe
m xture (solution) of the polyner conposition and the extractable). After

(oYL BOB/ROLVEDhnoat PR BRACEAR € SaLEURNET o Y MEALIMN DA LARN A9

or other extraction t ni que, whereby a m croporous or par

m cr opor ous, coat | is,formed gn _the.substrate. Remgval aof the . extractable
may occ%?nb%?o¥%a%$1%f{%?mg?FgacﬁPnghde§%5§§§8q&§ﬁ§®9m'ﬁﬂf[ﬁﬂ%ﬁﬁﬁr

conposi tions include, but are not limted to, |low density polyethyl enes

( LDPE) , CPBRPfdF £2l] st WEEBhETRBI FeEhyiEkase (SMARELen)i mfarthowdemar y

pol yet hyl ene (LLDPE), chlorinated polyethylenes and pol ypropyl enes,

f 1 uor opobypesst {engand pbeyekhybicdendef |. uohifder( P¥DEvaand oty isylvdnwori de
(PVF)), polyamdes (PA, e.g., nylons), polyesters (e.qg., PET, PBT, PEN),

pol yi mi ¢gies, eet hyteaplyi Dyl rameobdl, egpakymers HEYQHd:h ety ens:hast nyl
acetate copol yner (EVA), polyvinyl acetates), polyacetal (PVAC), ethylene

nmet hl ac cQRO : ) 0 i vatd.yves,
ol yphersl onesal T Hea gy et ey o Fond) (Pl ¢ 1A

p0|yary%géggﬁgggﬂgngoggggé’igok g%%bpon the substrate. Removal of the

extractable may occur before or after stretching (discussed below).

The polymer compositions include, but are not limited to, low
density polyethylenes (LDPE}, low molecular weight polyethylenes
(LMWPE), linear low density polyethylene (LLDPE), chlorinated
polvethylenes and polypropylenes, fluoropolymers (e.g.,
polyvinylidene fluoride (PVDF) and polyvinyl fluoride (PVF)),
polyamides (PA, e.g., nylecns}, polyesters (e.g., PET, PBT, PEN),
polyimideg, ethylene vinyl alccohol copolymers (EVCH), ethylene
vinyl acetate copolymer (EVA)}, poly({vinyl acetates), polyacetal
(PVAC), ethylene methlacrylate copolymer (EMA), polvketcones,
cellulose derivatives, polyphenylenesulfides (PPS),
poly{phenylsulfone) {(PPSU), polyarylethersulfone (PES}, polymeric
acrylates and methacrylates (PMA, PMMA), silicones, polysiloxanes,
pol?(vinyl chloride} (PVC), polypyrrol, polyanilin, polyurethanes

(PU)}, copolymers thereof and mixtures thereof.



acrylates and nethacryl ates (PMA, PMVA), silicones, polysiloxanes,

-pol y(vinyl chloride) (PVC, polypyrrol, polyanilin, polyurethanes (PU)

copol ymers thereof and mi xtures thereof. In operation, the substrate is
formed (by the CELGARD process, known in the art) by nelting and extrudi ng
the substrate polyner. The take-up speed is considerably greater than the
extrusion speed so that the crystals of the polyner align thenselves in the

machine di regti00,h8ibhe LAEMAbSRaEal Ll ibsmathass, M UBRIANS W bcess,

believed to nucleate the formation of folded-chain r ane

mcrocrystallite er dicul ar, to the.machine.direction. These raow

el | o e EonEal QAFedChy "SHEAR AJInE L L e SO & RS e ) R
polymer's nelting tenperature (Tn). Thiis anneal ed substrate is also
referretP¢ ot 6T HR pPBEdr 46 CORELIPL2RINOAFERAEES tHiamt Bfh& HoTymien speed
conposition is then applied to the precursor. If coated, a polyner solution
or a not®ephpol Yher ckyspréparédthEhpolyvient ikdi dor tisintsen. veo! yimert nmymdehine
applied to the precursor in any convenient manner, such as dipping,

sprayi ngireot ionginpthat fsgm olir wskirndibHidéseal titlesd he lfidntiis £egoved
(drying) or solidified, and the polyner is adhered to the precursor. If

l'am nat y89; <1 b8 Pel wElchkkMhe PLeRAKASGn e rldildBamn 08, appl | Bhel Ty ANY

conveni ent manner, such as calendaring (with or w thout heat
microcrystallites perpendicular to the machine direction. These
row lamellar are consolidated by annealing at a temperature just
below the polymer’s melting temperature (T,). This annealed

substrate is also referred to as the precursor that is a nonporous

film.

The polymer composition is then applied to the precursor. If
coated, a polymer solution or a molten polymer is prepared. The
solution or molten polymer may be applied to the precursor in any
convenient manner, such as dipping, spraying, rolling, printing,
brushing. Thereafter, the solvent is removed {drying) or
solidified, and the polymer is adhered to the precursor. If
laminating, the polymer film is prepared. The film may be applied
in any convenient manner, such as calendaring (with or without heat
and/or pressure). Thereby a coated precursor is formed. If
casﬁing, the precursor is formed and wound up. Thereafter, the

polymer composition, in either solution or molten form, is cast on



and/ or pressure). Thereby a coated precursor is fornmed. If casting, the
-precursor is formed and wound up. Thereafter, the polynmer conposition, in
either solution or nolten form is cast on to the precursor has it is being
unwound. If co-extruded, the precursor and polymer conposition are extruded

throught& g Exdcusson Hhe to ferprangulbiohayer ed fnerpenausddd Mene
Typically, and preferably, the polynmer conposition is uniformy (i.e., even

i gh i Ja f h f
el ght &f%cglf"&@eﬁéiyw%?t EQm@SSEt%ggl %g%l %%‘gr‘&fdeh &S it 3s/°9mracro_ !

desi red, anot nonpor ous precur sor over the

iti wh b dw ch - |, )
Composi THORLH B or £} EOF By ol hery GHPat FORE LEHET Gof ™ ar FYBBVIBLNY" The

coated precursor is_then subjected to stretching. Stretching is a

mul ti - SARPPEEE proeiety; Wbet PeLYBRTaCPWBOSLER OFs tfe UERIRE rocds<e - Trferen
two-step stretching process includes a low tenperature stretch followed by
a hi gh vehpet arndboxt Feichnesa) eashedt pyechithg stefaceherfe tdre mtraersor.
primary variables, tenperature, stretching rate, and stretching ratio. Each

of thesef d@sisdliesanstHetf reapbrbabweer e orwmagt €ps .1 aStky ehadtt nthe as used
herein, refers to uniaxial stretching. In the |ow tenperature stretching

step, | QW {ROPEEGHYES:E SBAT SwnbeBy5Cs aPhefi ehakly 120 A5C. pThe.stdst ching
ratio refers to 2-
polymer composition-precursor, is formed. Other variations thereof

are obvious.

The coated precursor is then subjected to stretching.
Stretching is a multi-stepped process, most often a two-step
stretching process. The two-step stretching process includes a low
temperature stretch followed by a high temperature stretch. 1In
each stretching step, there are three primary variables,
temperature, stretching rate, and stretching ratio. Each of these
variables is different between the two steps. Stretching, as used

herein, refers to uniaxial stretching.

In the low temperature stretching step, low temperature refers
tc 0-60°C, preferably 20-45°C. The stretching ratio refers to 2-
100%, preferably 5-60%. The stretching rate refers to 100-

2000%/min, preferably 200-1200%/min.



100% preferably 5-60% The stretching rate refers to 100- 2000% mi n,
~preferably 200-1200% mn. In the high tenperature stretching step, high
tenperature refers to 70-220C, preferably 80-150C. The stretching ratio
refers to 50-400% preferably 100-220% The stretching rate refers to

10- 200% m n,Irprigiceratgly 20miet8 nra. shteechshgesekipng highe teulpsiraatiarad | | be
m croporous and the coating may be m croporous. The mcroporosity of the

coati ng-d¥ai g coapsehdyc !t heréperabi onsof15hecpor esal Bl SUbst rateo I,
however, the coating is not mcroporous or insufficiently mcroporous, the

m CroDOE@éé{% Q Gpald g MY PE-QRE 31 EF._ 95 o ”p&?l‘ée%t%t%h%kgfe:%[‘{ee”trev&eerrse

tr eat nent e preferr ed S sequent treat rrent IS an extractl

i nert r #)Iels gove ng. In this situation, theinert
extracttacblg’ri ébc& ety |FFE% ?ﬁ%bg& %ﬁeﬁggﬁ ﬂon nelt or filmprior to
coating. The inert extractable nust remain in the polyner coating until
after stretching. Thereafter, the extractable is renoved. Exanples The
present invention is further illustrated with reference to the follow ng
non-limtinAEeanpttasstdminhe eRanplbsirahe wodpobeusiipregunrsaors amet el 4
ml (10 mcron) thick filnms of: blow nolding grade high density

coating may be microporous. The microporosity of the coating being
caused by the formation of the pores in the substrate. If,
however, the coating is not microporous or insufficiently
microporous, the microporeosity of ccating may be obtained or
improved by a subsequent treatment. The preferred subsequent
treatment is an extraction step, where an inert extractable is
removed from coating. In this situation, the inert extractable is
mixed into the polymer solution melt or film prior to coating. The

inert extractable must remain in the polymer coating until after

stretching. Thereafter, the extractable is removed.

Examples

The present invention is further illustrated with reference to

the following non-limiting examples.

In the examples, the nonporous precurscrs were 0.4 mil (10
micron) thick films cf: blow molding grade high density

polyethylene (HDPE), Melt Index (ASTM D1238) - 0.38 g.1l0 min,



pol yet hyl ene (HDPE), Melt |ndex (ASTM D1238) - 0.38 g.10 mn, density (ASTM
- D792) - 0.961 g/cnB, and honopol yner film grade polypropylene (PP), Melt

| ndex (ASTM D1238 @ 230C/ 2160G - 1.5 ¢g/10 min, density (ASTM D1505) -
0,905 g/cnB. The extruded HDPE precursors were anneal ed at 120C for 10 m ns

bef or e dattghiey (pEDMEBSHRY. - Theoext guded, PEnQreeussol smeer € iamnealagd at 125C
for 10 mns before further processing. in all coated sanples, exanples 1-7

and 10-2d3 it RS POLHER pPFONREsE FARYaSadiTFSBh¥ad 1N o3 oSkl/bakle)sal vert,
then the precursor was 1mersed for 30-60 sec and dried in a hot air oven

d
at 50C m F a 1-7.a 10-,14- th ol yent S ene
and thé£§%fJf$%h @géggF%pgéggﬁangsgénpePé?gﬁe%é%éﬁo-938? Eg?f%%%%@#ﬁﬁy
15-18, the solvent was acetone_and thﬁoéoﬁution Was ﬁégpared at a
Lenper RS bFORBCT For “8Ranprae= 1030 Ct FE shPVBAES RRLC3EpESpAHET and ¢ he
solution was prepared at roomtenperature. In all |am nated sanples,
exanpl Rr@&cOssiNRG - poFhaeeXt EvAPEsFPPi BHORAS SPaSMRE rienBdread e t AT iflom
heat bonded to the precursor film The LLDPE (linear |ow density
pol yet hyt enepswasfotrar fredthatropactekpiby.t hermal |y i nduced phase separation
(TIPS) technique. The LLDPE fil mwas then bonded to the precursor at a
tenperature of 100C. - 10

In all coated samples, examples 1-7 and 10-21, the polymer
composition was dissolved in a suitable solvent, then the precursor
was immersed for 30-60 sec and dried in a hot air oven at 50°C for
30 minutes. For examples 1-7 and 10-14, the solvent was toluene
and the solution was prepared at a temperature of 80-30°C. For
examples 15-18, the solvent was acetone and the sclution was
prepared at a temperature of 40°C. TFor examples 192-21, the solvent

was 2-propancl and the solution was prepared at room temperature.

In all laminated samples, examples 8-92, the polymer
composition was formed into film and that film heat bonded to the
precursor film. The LLDPE {linear low density polyethylene) was
formed into a film by thermally induced phase separation {(TIPS)
technique. The LLDPE film was then bonded to the precursor at a

temperature of 100°C.



The coated precursors were then stretched in a two-step stretching process
-to formthe conposite m croporous nenbrane. The coated PE precursors were

stretched as follows: first stretch tenperature - roomtenperature, first

stretch ratio - 60% first stretch rate 600% mn; foll owed by second

stretch tEM%ﬁéﬂé%éted1@96&u§@696dw§kéet%gnr%@ﬁ%tcﬂ@&mﬁn%@QmmiéﬁéﬁtCh rate
-- 100%% mn. The coated PP precursors were stretched as follows: first

Stret o LEMDRL A U Pocok BOTLL GERAT BhU' Bonklisle SHHELALANO redi¥ndl I Sthe

stretch rate - follome by seco stretc nperature -

Sl 680 St T gt SSEF AL F o Lo AR BE T ECA Hnd 1 %v%i%‘f{“lﬁe O

mat eri al ( DBP-di but yl phthalate) was reaned wi th nmethanol at 40C for 15 mn
and t heFCBPFERLTHE o™ hBPOWi FeBvERatares0Eifrst FHHRtTR MRSl e 8C0 bel BWESE he
results are shown. The filmthickness is the total thickness of the

conposi serefch opateuso iiiane £10 owedadivngs camndl G LRSIt clarte aparatyg e | -
coating on both sides and Gurley was neasured per ASTM D726(B): the tine
(sec) requiTeddapmbsstdd-ccratiai ¢ thovugheonadsguacechnehtel -prnoduginin.
under a pressure of 12.2 inches of water using a CGurley densoneter (Mbdel

1120). ThHE cHREEENPAOBRRLOSHRE WRkahktRRECOR Ofs AR RANYIEA st Sl L AR
temperature - room temperature, first stretch ratio - 35%, first

stretch rate - 350%/min; followed by second stretch temperature -

120°C, second stretch ratio - 105%, second stretch rate - 105%/min.

In those examples requiring extraction, examples 1-4 and 13-
14, the extractable material (DBP-dibutylphthalate) was removed
with methanol at 40°C for 15 min and then dried in a hot air oven

at 50°C for 30 min.

In Table 1 below, the results are shown. The film thickness
is the total thickness of the composite microporous membrane {10
readings at 10 PSI, are averaged), ccating on both sides and Gurley
was measured per ASTM D726(B): the time {(sec) required to pass 10
cc of air through one square inch of product under a pressure of
12.2 inches of water using a Gurley densometer (Model 4120). The

percentages are the weight percent of the polymer in solution.

- 11 -



TABLE 1 #PRECURSORPCLYMERI C MATERI ALEXTRACTABLEFI LM GURLEY THI CKNESS
ml)(sec) | PE4% LD1028% DBP1. 0425 2PE8% LD1028% DBP2. 020- 30 3PE8% LD 10216%
DBP2. 110. 0- 15. 0 4PE8% PEWAX 10008% DBPO. 4137 5PE6% LDPE 102NOL. 50220- 430
6PE8% PEWAX 1000 + 1% Vi stal on 878NOL. 3260 7PE6% PEWAX 1000 + 2%

X-1147NAA. 6654 8PELLDPE | am natin in REENEL.19646. 3 9PPLLDPE (| am nating in
PP) NO2. 0943. 1 10PE4% PEWAX 1000 f 2% MAPEG 400 DSO. 6424 11PE4% PEWAX 1000 +
2% MAPEG 400 DSO. 5930 12PP4% PEWAX 1000 + 2% MAPEG 400 DSO. 6737 13PP4% PP

CHLCORI TED4% DBP0.14052 14PE4% PP CHLORI NATEP4% DBPO0." 3728 1pHR4% PVDF KYN R
2800NO) .47 ke cLERBEY PVDPOKYMMRIC3DONGAAB717 1¥RPRXCPYENODTRILINESS | GURLEY

(mil) (sec)

1 [PE 4% LD102 8% DBP 1.04 25

2 IPE 8% LD102 8% DBP 2.0 20-30

3 [PE 8% LD102 16% DBP 2.1 10.0-15.0

4 |PE 8% PEWAX 1000 8% DBP 0.41 37

5 [PE 6% LDPE 102 NO 1.50 220-430_|

6 [PE 8% PEWAX 1000 + 1% Vistalon 878 NO 1.32 60

7 |PE 6% PEWAX 1000 + 2% X-1147 NO 0.66 54

8 {PE LLDPE (laminating in PE) NO 1.96 46.3

9 [pp LLDPE (laminating in PP) NO 2.09 43.1

10 {PE 4% PEWAX 1000 +2% MAPEG 400 DS 0.64 24

11 |PE 4% PEWAX 1000 + 2% MAPEG 400 DS 0.59 30

12 |PP 4% PEWAX 1000 + 2% MAPEG 400 DS 0.67 37

13 [PP 4% PP CHLORINATED 4% DBP 0.40 52

14 |PE 4% PP CHLORINATED 4% DBP 0.37 28

15 PP 4% PVDF KYNAR 2800 NO 0.76 14

16 PP 6% PVDF KYNAR 2800 NO 0.87 17

17 PP 2% PVF NO 0.51 15

18 |PE 2% PVF NO 0.54 11

19 |PE 2.5% ETHOXYLATE X-1134 NO 0.30 127

20 [PE 1.25% ETHOXYLATE X-1134 NO 0,35 17

21 [PE 1.25% ETHOXYLATE X-1134 NO 0.38 20

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.



18PE2% PVFNQO. 5411 19PE2. 5% ETHOXYLATE X- 1134N0Q0. 30127 20PEL. 25% ETHOXYLATE
- X-1134N00. 3517 21PE1. 25% ETHOXYLATE X-1 134NC0. 3820 The present invention
may be enmbodied in other forns without departing fromthe spirit and the
essential attributes thereof, and, accordingly, reference should be nade to
t he appendekkihai ns, rather than to the foregoing specification, as

i ndi cated the scope of the invention. - 12 W Caim 1. A nethod of making
a conposite m croporous nmenbrane conprising the steps of: coating a
nonporous precursor filmw th a polynmer conposition; and stretching the

coat ed nonpoy ous z?rrﬁ’&élk‘ié@r?fttﬁ&k%ﬁéeécébﬁgosﬁlﬂét SE BRIV RSt

stretching conducted at a tirst teénperature, a first stretching ratio, and
a first stretching rate, and.a second stretching conducted at a second

t enper STUPRE 1S 2 Cond SsFP2thing ratio, and a second stretching rate, the
first stretching rate being different than the second stretching rate. 2.

The nethod of O aFFRTL0Me? RANPRECHFr BESSEFEPENEAG ™ Hidh a polymer

composition; and

stretching the coated nonporous precursor, the stretching
further comprising a first stretching conducted at a first
temperature, a first stretching ratio, and a first stretching rate,
and a second stretching conducted at a second temperature, a second
stretching ratio, and a second stretching rate, the first

stretching rate being different than the second stretching rate.

2. The method of Claim 1 wherein the first stretching rate

being greater than the second stretching rate.

3. The method of Claim 1 wherein the first stretching

temperature being less than the second stretching temperature.

4. The method of Claim 1 wherein the first stretching ratio

being less than the second stretching ratio.



bei ng greater than the second stretching rate. 3. The nethod of Caim1l
-wherein the first stretching tenperature being | ess than the second
stretching tenperature. 4. The nmethod of Caiml wherein the first
stretching ratio being | ess than the second stretching ratio. - 13 5. The

met hod of Csai m Ffaumid@iodapprasiig 1 heustieps ebmpsubsaguent! wreylsr agting a
portion of the polyner conposition from the stretched coated precursor. 6.

The netsﬁg@,e%eqtqwekeﬁzfggan%ei% coatdng hei ng §§%e§&?§lméfogbm%§§igri%¥1ﬁ from

consi sting of coating, nating, casting, 0-“ extrusi met hod

of Caiml er.ein e ol [ composition being selected fromthe group
consi sttlmr?g Sg]reltgv%eétnmscf#yeg&gﬁ%e%%? hes, | ow nol ecul ar wei ght

pol yet hyl enes, linear | ow density polyethylenes, chlorinated polyethylenes,
chl orinated polypropyl enes, fluoropolyners, polyam des, polyesters,

pol yi m des, ethylene vinyl alcohol copolyners, ethylene vinyl acetate

copol yner s, épol yvilny Imetdercit@s)Glpoh yhceratreinechgt eng baenbl sedglcarel from
copol yners, pol yketones, cellul ose derivatives, polyphenylenesulfides,

pol y( phewry lgrsuldf enesdi st ol yaf ydeithetisul Tanesac pogynesseiagr yl kat es,-
pol ymeric

extrusion.

7. The method of Claim 1 wherein the polymer composition
being selected from the group censisting of low density
polyethylenes, low molecular weight polyethylenes, linear low
density polvethylenes, chlorinated polyethylenes, chlorinated
polypropylenes, fluoropolymers, polyamides, polyesters, polyimides,
ethylene vinyl alcohol copolymers, ethylene vinyl acetate
copolymers, poly(vinyl acetates), polyacetals, ethylene
methlacrylate copolymers, polyketones, cellulose derivatives,
polyphenylenesulfides, poly(phenyl sulfones),
polyarylethersulfones, polymeric acrylkates, polymeric
methacrylates, silicones, polysiloxanes, poly{vinyl chlorides,
poluypyrrols, polyanilins, polyurethanes, copolymers thereof, and

mixtures thereof.

8. The method of Claim 1 wherein the first temperature

ranges from 0-60°C.

- 14 -



met hacryl ates, silicones, polysiloxanes, polyvinyl chlorides, poluypyrrols,
- pol yani l'i ns, pol yuret hanes, copolyners thereof, and m xtures thereof. 8.
The nethod of Claim1 wherein the first tenperature ranges from 0-600C. - 14
9. The nethod of Claim8 wherein the first tenperature ranges from 20-45C.
10, The method of Caim1l wherein the first stretching ratio ranges from
2-100% 11. The nethod of Caim 10 wherein the first stretching rati o ranges

fromb5-60% 2. 0, 1 t f Stk te
ranges fron1%00 EQ%%QGn?ﬁgdléfcé%%ﬂﬁe?ﬁggég%gn gﬁﬁ1E%§%ﬁeﬁel tﬁg%%ﬁﬁst

stretchlﬁggrat ranges, §g8n1200 1200% m n. 14. The nethod of Caiml wherein
the seco ﬁ%erature ranges from 70-220C. 15. The nethod of Claim 14
wherein the second tenperature ranges from 80-150C. 16. The nmethod of C aim
1 wherein the second stretching ratio ranges from 50-400%

10. The methed of Claim 1 wherein the first stretching ratio

ranges from 2-100%.

11. The method of Claim 10 wherein the first stretching ratio

ranges from 5-60%.

12. The method of Claim 1 wherein the first stretching rate

ranges from 100-2000%/min.

13. The method of Claim 12 wherein the first stretching rate

ranges from 200-1200%/min.

14. The method of Claim 1 wherein the second temperature

ranges from 70-220°C.

15. The method of Claim 14 wherein the second temperature

ranges from 80-150°C.

16. The method of Claim 1 wherein the second stretching ratio

ranges from 50-400%.

- 15 -



- 15 17. The nethod of Claim 16 wherein the second stretching rati o ranges
+from 100-220% 18. The nethod of Caim1l1 wherein the second stretching rate
ranges from 10-200% m n. 19. The nethod of C aim 18 wherein the second
stretching rate ranges from 20-120% m n. 20. The nmethod of Claim1l wherein

prior to stretching, applying a second nonporous precursor on said coating.
- 16

17. The method of Claim 16 wherein the second stretching

ratio ranges from 100-220%.

18. The method cf Claim 1 wherein the second stretching rate

ranges from 10-200%/min.

19. The method of Claim 18 wherein the second stretching rate

rangesg from 20-120%/min.

20. The method of Claim 1 wherein pricr te stretching,

applyving a second nonporous precursor on said coating.

- 16 -



