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heated to form a composition that can be caused to flow under pressure, such as the pressure

exerted in a conventional extruder. The porogen has a higher boiling point than the temperature



(via extrusion) and cooling it. The porogen is renoved
fromthe formed UHMMPE extrusion wth a solvent that
sel ectively dissolves the porogen, while |eaving the
UHMWV PE unaffected. Heretofore, this technique has
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separately heating each of the mixtures to an elevated temperature to produce a
corresponding solution for each of said mixtures;

co-extruding each solution in contact with at least another of the solutions
through a forming die under moderate shear to form a multilayer sheet, wherein adjacent
layers correspond to contacted solutions;

cooling the multilayer sheet sufficiently to cause phase separation resulting in a
polymer-rich, porogen-poor phase and a polymer-poor, porogen-rich phase in each layer of

said multilayer sheet;



drying the nultilayer nmenbrane. In sone enbodi nents of
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extraction, drying, annealing, and strengthening. In
sone enbodi nents, the nenbrane is cooled by bringing
it into contact with a solid surface. In sonme further
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The method may further comprise the steps or acts of heat setting the multilayer or
multiregion porous membrane.
In some embodiments, the invention provides a multilayer microporous polymeric

membrane, the membrane comprising at least two layers of co-extruded polymeric material



mat eri al of each layer is independently selected from
the group consisting of polyethylene, ultrahigh
nol ecul ar wei ght pol yet hyl ene (UHMWV PE) ;
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of Ir} sho?néo enlﬂyorglergaents, the invention provides multilayer membrane comprising one or
more additional layers, integrally formed via co-extrusion with the first and the second layers;

wherein adjacent layers are distinguished by different average pore sizes.



conposi tions includes or consists of ultrahigh
nmol ecul ar wei ght pol yethylene (LIII MMPE); and each
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embodiments, the microporous membrane does not have an essentially homogeneous (within

about +25% and preferably within about :10% or less) porosity, pore size, flux or pore

structure throughout its structure. Rather, in some such embodiments, the microporous



menbrane has two or nore porous regions that face each
other. In sone enbodi nents, each region of the

m croporous pol yner nenbrane can be essentially
honbgeneous, the two or nore honpgeneous regions
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emb&ma@@tls RO Inethodh ehchle)odBk trudisy o (ﬁﬂn@r)étpblﬂﬂéﬂcﬁz odftiof§) wherein
th a_porogen above roomtenperature. In accordance

each\gif th¢ pobimeericeqamneisitions gomprisen @ pabmes dlat gpes rpg form an extrudable
p01y1!n & anin]?&mdn%i% a g{)(ltvéﬁltsalt ?&)n’? Ierﬁ;%?atl]ﬁr\én 1P 5ol % ?dl{fﬁ:ﬁ{s the polymer

olymer 1ons T10orns nerrc s

form§ an eﬁmdabmlumnam&t £poroger gbowe eocmtemmatﬁreg &h aSdveddnce with some
that includes a_ p %%msr with two or nore_ regions of
embegliments of epmtb@d&%f thgraveptigpajointextrusion phthe twem' Hiogg polymeric

comlgil ; {ogl.& 2 s g{}o?ygﬁéshcgg{é?ﬂébgpdgﬁ %ﬁghgﬁ%ega‘}fnggﬁeg{rﬂl 4 a[ﬂ(ﬁ%merlc gel sheet

that ilnehntd@s%lpdlpménwnh aworoe moporegions pHiffering porositp amder part kize, that

t.wo ., f differi j d .
contaipy & erebProREH RS Tt PoBB e dhtsiet Aogihs SH3hS potymeric
gel sHRABAPREERNed REfRRARARLSHrE p%[‘yméﬂc%&ﬂﬁﬁne T3, two or more regions

I nterface can range from'bei ng vie defined to being
of differingporosfityr andadr pareysizelildn regidnsait a]u:gmmgomo@ poilyreerie membrane can

be sePHAAIDBABETARS nETS FHEFEREeT B06Y PR e Re BER A pen inthe

foerUi"a fg‘izi‘tﬁﬁit o8 Shdripghd IO §i2B ot Sther RBMBRASRe clﬁaﬂa@mlco fIn some
ering porosity and or pore size in the meric

embqrdlmp@tp,dh@ msthade finthen include redraiting thetpolymesie gﬁ} sheet as the porogen is

rem e S APAE S pABRRAAR R L EPTREAR R oroporys
mem®rah6 Benbé titaradterdiRd teHitfcticnRP in e apPearpva ol thesr msmbrahe structure.

for conducting sone enbodinents of the process of
this invention. 7

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic of one embodiment of an apparatus useful for conducting some

embodiments of the process of this invention.



Fig. 2 is a cross-sectional photom crograph of a
UHMM PE mul til ayer porous nenbrane according to one
enbodi ment of this invention. Fig. 3 is a

photom' crograph of the top surface of the msnbrane of

el oty PuRbRIGOLGEF L7 Bing-bEiu iRle fBorous

membta@Wacédrai kRdmd @nbdmentt F1this Uivieagéen.of a mul til ayer
por ous_ nmenbrane not = nmade in accordance with this

i nE@n% isghphotprgicragraph of the toprputiace offthemembransif fig 2. of
I
SoERER AR 0004 B SR LR g 2L
i NWign$ iscntop Rma;w illugtratingathe poies s fact bbaalultilayer porous membrane not
hot om cro of UHMWPE mul til ayer porous
madeﬁ’é‘rﬂ??%i‘ﬂ%%"eg‘@g&%éﬁ WY Nanot her embodi nent of this
| nirgng §QNschBidl @emiﬁgﬂt%ﬁa@e{ws ying three extrusion

m croporous nenbrane according to the I nve |on
linesf asefid dOIt dondugingsomeenthodinents offthe process afdirie 1rp@h’51m=,r

© okt P srissaghopal Byt Pafighent oo E0Y i s pbrous

memBRIngs &cbﬁﬁ&‘%ﬁo dndthdr eiﬁabalﬁféﬁt &b igwAtighns 2 or nore
regions or Tayers that were fornmed contenporaneously

and together forma single inseparable structure. In

some enbodi nment s, ?%@f is fornmed via
coextrusion of 2 or nDre p yné porogen solutions as
desainltidayd efieioporouk ayeaibrai®sacosdihgiie tied invéreiforis fdrted through co-
portion of the i ntegral nenbrane that derives from

extn@%sqf A® PBMOYE Eﬂhémélf solgtiqng el dforpan Ekegrelqaemprangsfsfined by two or
morquﬁng {egg)% "Interface" as used herein refers a
co n a

rea between two | ayers. "Coextrusion" as
us‘édtegml’éas"useéhenem tefers toea mlembms tledft centhing @i drgnctmmegmsns or layers
t I h
that VR HOFHE CORPIROATE A BEEY FER 4 Sl Itapasailc stture. Tn some

emb&imbis YUnfinteBR Hettrild ik fihed!vih @ekB0H8N6£2 W HdrS S8 Bmer-porogen

embodi ment's, the 1 nvention provides a m croporous
solutmiasdmnbmahﬂreug at | east tvvo Iayers in an integral

nel{%ygrn ’Eﬁﬁﬁl}gé %r%l?&efeg%hﬁ% (?‘rnﬁs %?rﬁ?g%al?rﬁ@%x&agg ’Eh%lt derives from
substaﬁﬁ&ny:&kl dfaﬁleaﬁa% ekﬁu&erd Iso?yrﬁafdoﬁ%smaﬂ@ pendent |y

from'ad ] acent ayers y its chem cal COI’TpOSI tion,

avédnteglacg asaised lz@elmrhfec&m eqrsmingad mehbthe?n oyseleyetss .

I n“(ﬁ e@?g%l&i’tr g‘sgl?spa g? eI re%egse {H{[@Q 8{‘}%%25? 3‘%{({1’ Itxglg 8? more material
com}fc%ﬁicmﬁ #hrofigh Déingle didgnthithe PudaRS lnﬁbrg@fﬁgéﬂheﬁinc‘aalﬁnﬂ%r structure
before chilling.

In accordance with some embodiments, the invention provides a microporous membrane
having at least two layers in an integral membrane structure. The membrane forms an integral
porous bulk matrix, which is useful in filter applications. Each layer is defined independently
from adjacent layers by its chemical composition, average pore size, thickness, and other

properties. In some instances, the chemical composition may be identical or different.



separated by an interface whose density, pore
structure, porosity, pore size, or any conbination of
the sane can be well defined or can vary in a
conti nuous manner across the interface. In sone
enbodi nents, continuous variation across the interface
meBheadiffent laide ofiregicid io€ the mitebpotatiseotiniaic medbiiha datbe
wi thin the rrerrb{lane wi.th no Pruactlcal delimtation
separied by GRANEERGEONNISE IERHLY, PRIR STUFTHICHPOROFIt PRERIZR: AF 411 combination
Vaki
of thg el R} ATUBFERS el Vary I L0l AILRP Segb Bt Gt iface. In
some Ensodenaits, contimoas samam)nwnm,ss fleriotsifage mpypagpear like mpgradient and

extenf 3 s el W e PO R VI o oL AR g g region to the

next. Oh &Her%nfb%ﬂﬂl?er@g théas}aﬁﬁﬁoﬁ @éif@ﬂ; thOiREHRE %n%né’l‘éém%r ®dyer to the
t he nmenbrane. qﬁ;gmns of differing porosity and

otherpsnrr@resa‘tmptuqm welledegioed: ndihe dendityr pyre rs@u@uwepmosme poemsmﬁeor other

prop Ztis?& %%%fagcgeg% l}eﬁl'g{/%(foré?ggigﬁ %@g ei%%bar ear Fofef 1o an average value
or to hlrdngStof ¥hIRSs AkelBIEN REEor Vdkimé f ﬂ;b %Hmlﬁ&ldn Régab\ss dftdifEding
wth a top region or |ayer whose top nost 20 mcrons

porosifyfng o PgisiZzeda s ROJyaeilr WicroRGreyt mepbrang can by elagacterized by
i B8E e PS mbGRLUE TGl Rl 2 s

membﬂaﬁbtlﬁnﬁ PGl mioe@fs thiek sdthadp regioe oolager. whose @di}i m@bt 20 microns
i on of thgﬁ nbrane the m ddl e nost 20 micro

has a;fyghss fensitgan CESOE RETECSURIE U (51461 Hhapscs ot fgadiopyian that found

ina tpBmiegioR o L3Pl SR et st 2y BT oh i e it BRAL ey Plbnse and
morecipamgA oentraieragmn wf ﬁmdnmbmnestthmiddl@masﬁwsrmctm illustrates an

examf;:) nt all ﬁggeool?péw% enqpéqqﬁsbo%pﬁlgregﬁg%{)f 121& %Qr?e Qf‘he transition at

the 1@&%@ '1§ﬁ%l)bélbrﬁpﬂ&ﬂ Gilh%ﬁﬁtés 'alé%ﬁge% %l@ﬁis‘i"tyfdhﬁ 'ﬂo%"ﬁrucﬁﬁg h&Bss the
he othHer, as illustrated in the nénbrane shown in

centrﬂlr&mﬂ betveen e lowesandstep regiensair layees. porous nenbrane

off FIG 7 firs orous surface .70 of the menbrane

o rpigshbofimets el § e ia O adnosk Satiinas Shdhee from one
regiof BdTihediger, /a8 il 1ddtRt<AAR fhe B 8in6Fane Shéwhe i EID) 17218 theZerb&Section of the

pores that radual |y becone snmaller toward a center
poroxrsgg¢mhranq061°’ l%z Hea Histt darougswibeend of e mpmbpase eyerligs e splatively
open égpous e %18'1{ {!’% ‘Jgg gﬂ)g%geﬂf gl;ﬁet%reg %ré@‘f gpthe ﬁlg?lﬁ)‘fgrlﬁ%2 dhas pores that

gradlfaﬁ.g ibagoreé srhiléer n@wdrt arenter fegichl T4u6f the pox@fls tnletrﬁ)rane and the pores
odi ment of the invention is characterized
becorye smaberestill progrpssing to gegipn 6. Aasapmpqrauwf@c%’? & @vefrh%ﬁ#w smaller

pore 5195‘4 Ieg{(ﬁ?oé' 0 S ﬁgﬁbﬁaﬂgf F4é strt?&mIe %f }‘.]_ﬂ? erﬁ?&ﬁe en Glf ity fhventlon is

can beén seen region
characteyieed bya deereasdiis poreGideyor lacgenhelft (73 ;iorey;% fromurthierfrst porous surface

i nsepar abl e from adj agent aesor re s. |In
70 to P A BRIOW THIACOR. SR 6] Pokh een BFFIEnE Spefyisgiqhaay laygr can be
dlstufé‘rl& ‘ide'nﬁﬁ@dl y@@fc@d&ﬁnﬁﬁ%ﬁé‘ﬂfé &R %fab&ﬁ?ay%rsf drrréélohﬁyer

conprising a first polyneric material defining a
pI Iuraad:ordgncef\mplww emﬁbcmhmemts of thaveveatjen, panelt@yzepomnsjmembrane

compalé?ﬁ zhflﬁsg lage «S)rmlg:r?s ga ﬁrs? gol%mséﬁg %pger&? ddfis 1r1!g gpim llty o? pores of a

first average pore size, and a second layer comprising a second polymeric material defining a



plurality of pores of a second average pore size,
wherein the first and second | ayers are conjoined, by
coextrusion. The coextrusion facilitates fusing the
two | ayers coextensively along substantially their
entire length and width to forman integral menbrane.
e pr_nor additional |ayers.can al be .i nt egr,al
plur iy BRI o 5503 PArEHR Py S PG Pt i e Basee
conjdia¥® by -coblinkie THebexmaibrefabiticitdsemsing tRindA8Yrs badkeSively
are distinguished by different average pore sizes.

alonggithsteafialbetheir| ealiter Isngth and, sidth i angntegrad pembirang. One or more
- . . . . ol
o ML IRy R o RIS 8 e scons
layerse @i saane prefeiredesiindimans, adfatert heyery a6 distinguistesdibyatiffeent average
not soluble in_solvents at. roomtenperature. The L.
pore §izes nipPR-agdiggent laysrafandig Kentisal prwertiestnglpding ayerage nese size, if
desif@@ cast into a menbrane at room tenperature. These
pol ymers can be dissolved in a solvent above nornal
r oBolytrenytbatatanrbesis¢dto fHom theemicrapdadisgoboherid membrass in

crnb RS STt SR Ion a5t B ORI ARLFs o Eoqpb Sgure. The
polyﬁ@rsdlﬁ@f alSX BEBh RactédiRMiRRAtthed Barfaot Be 80 Hito g%enﬁyrr at room

used herein, the terns "el evated tenperature”, o
temperatare e Thessmolymers can be dissolvad inaisolvent ahovenproal gpom temperatures to

te rat ur,e’. are intended t,0 nean tenperatures areater
formy ATt AR, Asiied Ptin, B 50 tron B alir o e lroom
tempeR@ste” B0kien@éd RLANE DeRPtrafile 6F, fIXaR@le) MRk £HoWR1$PCab about 25

of each |ayer or region, or the conbination of R

°C. psmgerchereindthp sroge pleratpd rapseatuet < taboyorapnutemperature”, or “above
2% M 0 (o]

gL 5 MGG L M5 R AR R ot 15

abous @b aCj fonsxanple abswd dboat $0TCI, ogatore akdutF$i°an Ercolyanerdematerial of
used to forman integral porous nenbrane.

he
eachylgyey REFGSEONNAE HieicombiFation ehpelutpes andporegen %H-e[’ﬁéﬁ]&%tﬁ@ g form an
, | ; - LSt f. nal i
integSfl SEONA B OH B LXBRriir 9 2 oot iSRS the polymer
poroper sabutogg laerumjscibdd guring co-extrusion and can be used to form an integral porous
tetrafl uoyoet hyl ene-caq- perfl uoroal kyl vi nyl et her
memfFie, e PORPIoem PG ebct eyt it B IehiFady bl from the group
cons{sﬁﬁé\bf polyethylene, ultrahigh molecular weight polyethylene fUHMW-PE);
poIy(tetrafruoroethy%ene-co-hexafluoropropy ene)

polypiopiene; pobyi(tetiaftuoreethylénsr eooperfimmaalkyviil ethgdswimrein alkyl is propyl,

mettF GEl it LR B S koo iy B B R RniroRene) e
and MB&heS thekedf e OtRAANTINEY Gi¥Peciflbpresimb RhdWh irCthe altt@n optionally be
meric materials used to form adjacent |ayers can

|
mixq%gzv%/h]ﬂlemb@@‘ic meferisle Rependiny en therissised lagerandanembprgne

charGh G408 RARmER Rl AR S0 Do TR TR LB e e same o
differenbEasiewhere the\glaRrial @fsSthe kand, daely Riyeiodanttedmipattéd Witk different

porous nenbrane i.s forned, from a_heated pol yner-
final psonsaiass bydhe exigpsioncgndanembrang forging precessat ed

o ] . : :
R TP R 50 RRNIET, i L LU ptycr
porogérascdutir. | Gé-extsuséoreofdheheatdd modyrhgr-porogen solutions provides the

multilayer porous membrane. The final layer and membrane characteristics are controlled by
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10 various extrusion paraneters and choice of the

pol ynmer and porogen used. In sone preferred
menbranes, at |east two |ayers have a different
average pore size. In accordance with this invention,

.. a process is provided.for.formng a | til ayer, porQus

variofl SRR e o Shiir Ve B neERorpep HRER Bt Sppotored
memMYahdb, & 1848 Wed layads HAPE FalfferaR M erh@P&e dizdr es. The

menbrane is forned from pol yner conpositions which

dilnmegordansevathdthis iBvandipn.eroedss istprevided tor dormeing ewardtlayer porous

' mul til ayer. or ie= I egi . tur
w00 B P55 P 5 B 03] R B ormat rom
tempt_ﬂ"afmiréﬁ} Zhe |ni’{7en](cﬂiliraﬁ§ is rfe@ﬂmgnﬁr@h ip@lgﬂ&@ sompasiﬁmﬁ‘xoléiah differfiddm each

t t t

ot g e oS} A0t | LLY et seen, | ayer s Ut % clevated

uni fr rJm ; i At i - .
e A By LSS A951 8 e B B ity nd
interfasiebfldw instability detvereh layressdumgfpudcessing. f Manipatation of keyer thickness

.. have inpcreased fl, decr ease, ressure. drop, and )
unifogRicg s stpkle AReHeREl dlswpOstegen @%{%F%ﬂ&@@q‘ BolYBier BpiggPRsolutions
can bk Y& toROHRIcE RRIbrhtts vSONELR @Moﬁ&ﬁt%av% AbRIasd ek A& Sased

uniformty and stable interfacia ow bet ween

pressuiefdrep,and greaternétemsibnpsmypaesd tp singlpanegivnl o singleslayermménebranes. In

used .to form upi.f.orm multilaye nbranes,., o Layer .
some gt et BboiRs? ey SFL e ah PaEiay g Bifngpn iffrent
combihddf R aRd:/goRsEn B MItIBAY YaTEYe ked QURAN udPlbtth inQiltilag@mBabranes.

mani pul ated by control | i ng the viscosity, tenperature

Layenthirkagssrapifarmaity, gdpsieble interdacial flowy 9fdittessbt enmehined polymer/porogen
0N t t . . '

ot ) o D5 RS 050l g o
each §bl?fﬁleﬂf301©g&hsdlaﬁ’cﬁf, sb tha€ thel fernt € thebibrarfeahbetiwich two or more

] di tferent pol yrrer/?orogen conpositions for each |ayer._.
insepareblel tagiersoripere o RtfaeiEPorsigaehragh et is copirellad R@rgviding
o8 e SRRSO Sl i, S 8R0S BOhABRY Seach ot
co-exttimdédasoitelventhined shagtend gooledis Thepirogeretheh s selectivelgrriacted from

with this invention, nmulti-|layer or mJHi -regi on

cach JpFISh EBRRSIHASG e the TaHlgIayer RFRWE PPBRII6! yiror s ¢ hat
arg astriaRk SiftothisSXbdidh ORultL B nilldBe&ss hift8porad§ fembranes

polymers differ fromtypical polynmers used to create
are deniveldrfeone polymgctthaisarp stiigabld foo extsysian sathertbaneasting. Such polymers

... SMItabl.e for extruding but are well suited far

aif i ) PRl BRE A0 e ) B s oo, tht are not

suitabIe We_%ﬁﬁdﬁi% bub&re RV BRINed fdiRidran sacsﬁhg.l ASmR4REpb1Gus polymeric
mat eri al that has been extruded into a | east two

membrane gf G Pyespui ineention pentgins polysrenicaraterial dept ips peancurruded into at
least gs% &t@égﬁ Jé%ne’ég%/)%%s ﬁ%gfgﬁ’}églrxﬁ te %1 O;E]BE&J?SL tg{flg gﬁﬂ‘ﬂ. nﬁdéfa?ﬁla%regusly, a

memBRdé havih@ldyyrs of defaretqRESsizaddanBaohstuctain tAdditiedalliyhthe process
hi ckness of the entire nmepbrane as well_ as_ the

h
allov%s Herganieboighe thicknepsef the prtie srpanbsang aselkas fhe Hipknepsof different

. I . i i . .
BRI SO B AEGLE B st s
part byssetbctionl of the pphmasreksed andethe alrhinsteedesthblisingl durimg the extrusion and

xtrysi on and
membrane forming process.
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menbrane form ng process. 11 Two or nore extrusion
lines are used to produce a nultilayer nenbrane, in
accordance wth the invention. Each extrusion line is
fed a m xture of a polymer conposition and a porogen
conmposition. Mxing and heating the m xture of a

POTTWaRIr nEREBRSIsidrOlhes Atk el @ pddilce £ANRDSYel nf¥brtid) tn &cordance
heat ed pol% r- porogen solution that can be caused to

with g ventaay matrusiqn Jingsis fedsa mivetwigf @nedymer cemposition and a

poro ﬂ{; o‘?ngédesﬁg%l_ l\gxﬁg{‘j%ﬁ(}w?%&gt&g %(fﬁgeir o £ écﬁgﬁgr &th sitf’o'?l d a porogen

compsasition foats 4 heatedpolymet-peragén alingm thaeoah de saamﬂyo ﬂow under normal
substantially their entire | engt d wdth priagr. to
PresSyESSHCoseTed n %C%VFQW@J gxtder. aTEquef'H@ogﬁbF%lﬁtﬁns then are co-
extrided ﬂﬁBﬁQfQﬁ §n g R kch th¥% tﬁﬁ%cﬁﬁ rﬁtﬁ&' c%exte?swely for
manner j acent ayers are ormed s multaneous y
substantaliyntheimehtietlength Andwalth pnblh(erbearg coledrio edermperature at which the

mul ti] ayer sheet when t re (o] o]0}
polyiag p YRR S ap e, B onePiRe fn s mbaSer, B adiaggy fayers are
form¥él §ﬁ9ﬁtab¥ousl30éﬂd' if Gonth@teith &secano%F aPsh méé@mﬂ@iﬁlh%ysheet when the
sel ected for each extrusion |ine based upon th

layerg @gd wxﬂed‘ i Batrusierhparametersi sich @%OI@ﬁ’uttrh@, Wmmmwe, visgosity, cooling

rat, 58 S b e A el ot PR e P e FosB R i R foe Wi fina

chargudristies ofthe nt &R of IAYEr HeRbf, ﬁﬁd thRhasRsties dTehdp6198 and porogen
Is selectively renoved from the sheet to produce a

usedm{ooling fasilitpted seppration of pelivmes Ared parggemiato lstmcéph@% The porogen

is sefSybl P Rerbbve b 1 oLt S0 BROAEEN ShufiRyel BEEhoBGrous membrane. Further
treatfnlent sueh a$ dgdigahdayrehgtheniagtn thgn be perforfiiedi Optnally the extruded
hri nkage of the ane during use or, device
mempEle;can F&W@R&P@"&Wé@%‘té@@g it tg mlﬁmélé? §lgﬂﬁ<ég%9ﬂha§me%bmne
@n&g g systemfor use in practicing
duri ome e ole??r?g%te{gmg? this invention is shown. The
syRefemirdgtoi Fig.l ludsaltablé extatsionesndmgtebra@®foriming sygteanfor use in
extruder b with convenfional, twin s e 4a
practiC i FEEt R BiEient 55 it iGN GgL S TD. TPESEE 10 Feaden first
extrudét DOHIRIviddh HaNidBObaRRl QZ& fvﬁﬂ%f)m}%ﬁﬁbﬁil t@%bsci‘év&ﬁ%band feed hopper

conventional twin screws a feed hopper

26a. Afhe sysiewelit inoludes @sacond extnuian2%hm1®an exfrader birrel 22b awith

convgl)é’%r ugg{u&fscﬁegvg 335 & 8|f q{glpﬁgr 6§ lA?r}yf’ {9&1%%@%%{ erx(iiruder can be used.
The ﬂﬁﬂlsﬁ:ﬁﬂvﬂeﬂhﬂeﬁﬁ préfetredlo Vs adirdg@estrdl eghrudes b@éﬂﬁs@oﬂitﬁ%;x@éter mixing

rovided which is in fluid comunication with t

abiliti A suiig smanialdzie 3¢ inclyding rifeed blngk ad and pdiedrbis propided which is in
ﬂmd%%ﬁﬂﬁ&h&éf@h%{t@@ gélftseffga Gﬁ@%lﬁ of %xt?ﬁ{efr gﬁac‘ aﬁd"&trudelf 20b respectively.
conver gent paths 3bd an , rncTlunr dconmuni ca

The feeﬂmnt 32€deﬁhbtd@¢0 @mwé@eﬁqﬁt}am@a 286 361,456 fand ¢dnﬁhMmCﬁmil between
e di e 34, extr(gdateflows The

ex&l@@h%FSg?e%atané aShsresmstlm a@é he ¢ie Bt thegugh ewdmfa@%tmﬁ’@tems The
convﬁ%gﬂ’c %ﬂhﬁ 6aldng 3%'1?5&11% c%ﬂarcﬂﬂg‘n g %Biatfl’l@ h%lll?}@@ eRftfdates as

out allowng free mx cur
layers didmiand) HOmgvititout lbowing duet ariring to occur Some commingling at the interface

can occur. Such commingling should not be so extensive as to result in homogeneity or a new

composition combining the multiple extrusion streams, but is sufficient to conjoin the adjacent
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can occur. Such conm ngling should not be so extensive
as to result in honogeneity or a new conposition
conbining the nultiple extrusion streans, but is
sufficient to conjoin the adjacent 12 | ayers or
layers bﬁ@igtmsl ik nﬂ‘gs nitd‘rfa?:e ithat diffeaargtiated ah istegrabmembife émrmmmposite
nt.egral nenbrane from conpos filters havi
flters fving peo %laareaieearﬁ{@rmra'ﬁég%ﬁl&h al&rJeHaeg by @ayw Theas such as
I
adhes@g%ﬁZfrfcﬁlbn nﬁ?ﬂﬁ gﬁer gﬂeé}ée?ggé;e% gz?}t(i?sr h& diec 4 i anc}ed Fig. 1
111ustratexlihe mtegifabmumlayet bhest 42acandacting a|chtlb1g>illaﬂ0 pndrttcb beipg directed to a
%%ﬁet 42 contacting a chill roll 50 prior to being
SUPPOHji®Fected to a support 60. A chill roll 50 is one

eA%[’{Hl AR50 BIAS ekl mdans td ot HeAhteBtHl Eﬂdlﬁwsr sﬁéaau Other
O her cooling neans known to those of ordi

coohns mdans kmpwrh‘@ these afwydibary skBbin thmalt may bgiused. rQn |the5@ull roll 50, the

layer 40595 ccgcﬁ%c? gt aste ﬁ%ﬁectgg%glgu%é ﬂgexlta? e}%lgset eg;%’uﬁgta ‘iOa is, in direct

contact Mthaké cayling stffRceC @inerllysdue 13 ¢ke faﬁeﬂ escinig\tate dt&h@t fh@ average pore
the faster cooling rate, that the average pore

size ofthe peroup slegIbsanedAtr i dirgct gentactvih the cpoling tustage, Jiererfhe layer 402,
is sma[l%ethﬁl? }iﬂe avBra gé‘ B&%Cs?ze JF %eem&ﬁﬁralnﬁﬂ%r ﬁgt n co ct%[}'iﬁ{ {h% coollng

€ avefage pore size o rane ayer
surface,thecotht doter WOb. hNCodlingeatiohwis separationf afdke pdlgmer aﬂlbpdregmrm distinct

40b oling all ows separation of he oI mer .and
phasesdereagecl%% Hhedorpaen cap Hiods reRo éﬁf‘e meRRbIRRS: Jifs fxample,

e o 8 L TBAGES B 8RO s cn
immersed mrassolvam br Maseaﬁraammil fhaid dgethe poigep ttamtwdm rérgove the

sol venf. or, ot her extracti flui I
porog{ oAy Be BN L of BBl Paiop mEmsvae Rne. By sogth pbcdments,
1mmexlsﬁﬁ\ih ﬁﬁllﬁplg‘dbltvbﬁt@lﬂ?ﬁnﬁﬁre%f thuitipRe éleeﬂ@@ih bERIRIred lepending

in some enbodinents, imersion in nultiple solvents
on thesplupility Qf the porogenior lppmsewsﬁé i gacihlw be required,

endi the sal ubj
oBR BR el St gl BorobelCes bR Rlschfe spabodippens e
preferfeﬁrtb Rdstrelin the ehepibra@aluring liﬁ@ifb@bn rériiow. nSu@i‘ib@tﬁ&ﬂﬁﬁh%elemployed to
preferred to restraln t he menbrane, duri ng,_poro

mmmn@ﬁ;mnsw@! changedn theimembrane pewellas Wyinimize cmlmsmog the
mlcroﬁgllrgﬁsns?thﬁﬂﬁé change in the nenbrane as well as to
nrmze col | apse of the microporous structure. After
pAftegpsrop@iTeyival, theanulildyet m)mopmfbmmmbmue caebdireated or heat set
can be treated or hea ﬁgset r emov remai ni n

to remgye ARY fespnIng Rrigaciant  ShBTBISE: PERGERE 6F &Y Grposing
the me? brﬁfiepﬂ) l&gitedttgﬁxpgﬁﬂﬂésa él&fa?éde&ﬁﬂg@xgtlﬁﬁ%”ﬂﬁrrﬁ‘ﬁlﬂf ?& mftéroporous

evat ed tenperatures er m croporou
membmmb canaso bastreaigﬂmnexie he mmgteltlaineobho§dme:aneinpmdatmnehe polymeric

chosen ca depe he pol yner material. in the
mater g LR RG ARG A g PO R ERE R S e ObERdrdn Soiné
embocﬁﬁie)iﬁefem PR eSTBf @%%bMSSC Ha@grg@ern%ﬁﬁ@ﬁn 8 suitRble 0
about " 125C have been found to be suitab

Strengthening or annealing processes are well-known in the art and can optionally be employed
either contemporaneously with the drying step or as a separate step. Those of skill in the art

will readily recognize suitable strengthening or annealing processes.
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Strengt hening or annealing processes are well-known in
the art and can optionally be enployed either

cont enporaneously with the drying step or as a

separate step. Those of skill in the art wll readily
recogni ze suitabl e strengthening or annealing

processes. 13 It is also preferred to restrain the
neﬁtrinedsueptdfﬂmdgo chsiraingh¢ membrangidzeng drygmgs toanalimize dimensional

chan d/or .col |.apse of the mi croporous structure.
changgy §f’ DS¢ Pﬁé‘? E’B"?Oﬁls %'“f has two extrusion

| i PIRSeyb @i raed WOFib Y Ris /0 eEIHh§1bn 1ih &0t M KTRTRoARPer or multi-
Addi ti"onal extrusion |lines can be added for additional

reglolnagmnlsram Ardelgu@ahextmsmr@m@h cay@t a@idsd farted ditivpallyerk or regions. In

have n qne Xt r.usio
such fysgme, SicierpiprAp ! bR e Rt onf R gl H R in and mutcple
pathd Y E6foiirigQhe hﬁque &) g@ﬁ prioe tcsmﬂxhgethe %Idgl@éﬂﬁsﬁwh@h@@s @single sheet.
si ngl e sheet . illustrates a three |ine system

Fig. Pillustyates a thec king %‘w@ktl?axtmf tspird Knadcs i flgw erd iewfified by a “c”
I
follo%lgﬁtpl ?efergﬁés)é %@%%gglg%stgg Fo {dﬁﬁtﬁ%?ﬁ;ﬁlﬁ}ls " v% tléiﬁﬁgg&ér %xtn.%ders of Fig.

1. Féni @amplb, tHe@xtrexianbheel ih bacheoake islesipndied 22| folmwaabjn elther a,b,orc

case | s _desi ted. 22, followed b e
depca@ag I BN %@é?é?‘{ﬁ"?"éd”?% I¥ provided to show the
th th
three'&%&%é%thﬁ%ﬁ%fcﬁﬂ%ﬁﬁ%ﬁ %{%gﬁ%ﬁf& e aghow the ree

extrudates wt and as they exit the
di Ehoslobsldlla tmkart of axtrusibe and extnfswmxhc ﬁ&bmatlcanwlll recogmze that the

N P —
extrudbOd® 8p St i’é‘.ﬂoﬁsl@%% HEE twd Bdws, fM Eﬂm@bl& Weom 8¢ Ek’tﬁﬁfer S@H through

up, it is possible to direct two flows, for exa I'e,
feedblockndasign, dixeat thhse flows do sandwichin sm@e dlomoem dessband, extruder. In this

man%eé,caotﬁaeeggqur w&l%\oaﬁ%hz{vﬁ A8 q%%e& ofi 1élglﬂhc%géollﬁév<§ffétio%réan be made from
two BMEERNThia Mltheughidath 1dyey @nserfenk/é’&ﬁrbinqﬁbt B pRDShdrigdfogen
can be nade from two extruders. Thus, alt hough each

solutieny and das oprexiriden each xdmdpIs pobliraited o predugtion of gyt one layer.
s OJI"H% éhg)uie oﬁgu% %éé?ang :ﬁg O%éltl Eé‘i}d@eg %sg& ?@Eg?@%ﬁﬁ%ﬁérﬁepgf eTach layer

or reg@h)ﬁﬂﬁfe rﬁﬂdbt?ﬁé OSmhl praperti& migeihciude rhm’?aﬂaylot limited to the pore size,

propertles of ea ay or .regjon of the npe
porosiye Rhgspigplesion IyoRhpbiger b@pgah%pwmeﬁ A 9955 1R g0k Aplayer.

i

Wheﬁ;%%lgﬂﬁ{o g.zﬁvl X l%r?%g?ﬁl}c?’%enggﬁl@gﬁgﬁsﬁggﬁga él{e{é%:)ﬁ}%/ étgshould be kept in mind
that ldiffezences ittha finel mropérties pitdayintayeralsb grortmgeaipulated by utﬂlzlng

conbi nati ons i n, adj acent Ia i.t. sho eket in
diffef BOTORFR AN ROLR GO RON PR LoF eagh layso Sﬂélﬁcﬁglge 8f Plygr and
poro% &Yialeadtt I%?elcéhﬁ a%cfﬁ@bé}ﬂésastu%g a?é(vét'égel poké Side, v‘i@cﬁ&?} %%hng rate,

or ogen and pol yner COI’TpOSItI ons for eac
etc. Eh@a @ﬂtbe&een@impﬂbytnr@re layet ang areotheamei properties. | ayer can

o1 GBI Sl e oG BHS U, P aBengt fimigefo, uirahigh
mole@ﬁl%?%@h’é palyéthyRhe EMEHMW fﬁﬂ)aﬁ@yﬁbﬁﬂ@ﬁé ip®By (tetrafluoroethylene-co-
Representative suitabl e ymer co osi tions include
perflyenoalky bvimd ether iwhaseintagkyl m prppeﬂ, @ghthyl or mixtures thereof, (PFA),

poly(tetrafluoroethylene-co-hexafluoropropylene) (FEP) and mixtures thereof.
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nol ecul ar wei ght pol yet hyl ene ( UHMV PE)

pol ypropyl ene, poly (tetrafl uoroethyl ene-co-

per fl uoroal kyl vinyl ether) wherein alkyl is propyl,

met hyl or m xtures thereof, (PFA),
poly(tetrafluoroethylene-co-hexafluoropropylene) ( FEP)
anﬂfradnmﬂygiJHhﬂV RH is differéntieded fromadther poleﬂM&dé?Es istich as high

dens&g Ieypglyif &éﬂg&ﬁ él:;.&f) gy t?fIgﬁEft %\Iﬁ Zﬁ@ f:‘,gp%ecgusse IItI cﬂsIIplays no

meaﬁeéaiéﬂhw'rﬁt@%n&&@?o@lal @agﬁw&%ufek b $P8 el o, 3,954,927.

measurabl e flow rate under nornal test procedufes, see
Addmogallypatt ie g@nelrajly Bcepad Q@Vpolmtuylen@nailth g weight average molecular

R T O R
moldcﬂﬁk %%t%oﬁ’ﬂ%b%brfdh@ aft idfifisiél Qi%b@ﬁi‘@tlﬁ %e&ﬁné@'M%BEt 8 Skibre. See

nmol ecul ar VIBI%ﬂtS correspon to an intrinsic viscosi t{{
Schwastz, ReS. a@d](s}eo ary Sl Phasties Metesials 3@ Pragepsgar Yan Nesteind Reinhold

ti I 0
T T ——
for Ulira3Bph-MSSMIAWIEhE R alystdlyené Mdlding an(SEaﬁdﬁbﬁI Materials.” Under the

pecjfication for U tra-H gh-Mlecul ar-Wi

standagd.yJmeps podyyaenyof gihyleng halving ¢ Felatvny sty ph1 34 ‘Or gFFgEsY, in

I
accor get % e@I\IT/IaIatSIé%I% g%t'tf&?ﬁ;n ITQ E%ng{rra ér}ée g?@@é & Wtrd) ﬁl?hqgolgcular-welght
polyethylenesh@ HMN-PES. eUsé of pdiyethylbim sdeting ahajtrachnmadi standerds or the

AST%F\_‘%I}&@%IN @I‘%Ilgcc I‘c&;éxtsq:] T,rght Iﬁi@@?ﬁ’ St hEﬁ-ﬁ\/IW-PE is desirable

becahéAifhid s‘?é}ﬁﬁca?fﬂ?régﬁi&%d echdifical Propidiis @Bﬂﬁﬁl‘éd 3 Sther polyethylenes

contenplated for use herein as” UHMM PEs.
Thes¢ @shanghd sechanical pmpﬁttleh as:hglegibrafsmnanslstynmhapmmsxstance and

ert ared to.qther polyethyl enes.

tougﬁe&emwpﬁ ?V@QI‘%IBFBIBEI‘?I(II% “i ncl ude abrasion
I EBIERVIWNEE is mmeerd ds QSh it RIcA BY seviepdl @Iﬁgﬁﬁ% TcbAY B example

|sread|I‘X1 avai |l able comercially. UHMMPE is mar ket ed

markgts an WVHMW-Ribperwdernipdetthe trafensarls &U% e8d MitssbRetrochemical markets

I der the
UHNIEER cdel e S et MR " rrar ket s
UHRGW Ifersasiiietehar iOHRDAW-PE chii Belgderd ko ’cﬂe—ﬂ&iﬁr%ilUIfmﬂW-PE and
Pol yners other than UHWVM PE_can be added to_th
poroa%@rua@omIO@Wp%mmqé%pwd&wemlwn iy H@Pﬁo Adthsweight
0lay
aver elﬁglgng‘m t]qgs;sa[va\gIl Ig IIIIﬁ ogss k Ionhl‘iy g??‘ﬁalg TelindEhPlyed for to
prodéckSpetifio afﬂeglt ma‘spﬂscb b inyrodesddriatoehpiniytert. meh&peclalty resins include,
produce, speC|f|c ef f ect so be intr nt o
but g Bot it e rswh%efeﬁla?aﬂédvégg Hose Eseri %m i O 5, PRigheo.
5,530859 )i IlhéBrf)&'gteIi %f&%ﬁéf&%ﬂ&% lﬁ%hﬁl%ty | Rk géﬁe@a rhROAR jppe and
escribe 1n U S Patent . 899, ' ncor porate
amomrof suchoadditishel pripmeis mhomld be ﬂmtmtedtsy as Ast ta dgractsignificantly from the

e Remeom biegh ko BRIV e

t he t and .a
advalfgtins b RS RS D
fr anhbiieh tha ULBVIWAREAY Srof@ediabihe ApolpmeREest dddshiritionk ARFeof may be
form ng nenbranes from UHMW
used with success. These polymers are well-known in the art and readily available from several

commercial sources.
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Al t hough the UHMWPE is preferred, other polyners, or

conbi nations thereof may be used with success. These
polynmers are well-known in the art and readily

avai | abl e from several comercial sources. 15 The

t eine pernoprerogdrsis employyé Hereny teimeane mutarialavhieh esrd bé mixed with a

pols iR St d PNV eE1S andbeatefio AR oD ke Rdogn a olution of
poro%ﬁﬁ whd g& yRfer wIB'RﬂhQ:Qﬁ Be eﬁaﬁu&alaweﬁbs\eﬁﬁm GEELAE %édfé&fétmct

séquent | is cooled to create d| stinct phases
phasep uhh urnpcprogc;rg ehat carhiz repmved seleativelydibrns dhesasioladadxyruflateo o create a

oA SRR 0t AT s m

mackdstdpit B&ald) 0POtERIns GvhiétiRave R Sit o aRARisSolF €@ rotions WHEEGan be seen
whi ch | eave, resi dual  undi ssol ved fractions which can

onlyps %@@ﬁoscsmc;)e‘&lx agg W@blg_sz&r@ ly eihe poragen ésa hydspearbon.
HyafSoRRg Bhifpit HIGHRAY B8 obnfly IVAEARR BBBerob K R He¥iners
utlhmlmehapmm m\mnudsxhsnch ab yRfinpolymidrs.i Adghdtie, dliwclé esembmatic

i nv ntlon such as ol efin_ poly Al i phati c,
hydrgearggns, ppd ayduies dhesgqtcan h9%@@@aﬁgoroa% i Xt ur es

th %BF%B vﬁﬁ@hﬁﬂ@ by &licRDHoR %k %ﬁﬁ?atm%? %}e/ ek ﬁlat&lﬁﬁé te%rature used

liq at tenperatures gfeater
to prtodmmeﬂmpulymememnbgen @olptloml umebd used po pyrogensp diyalyecarbons which are

b d d b
eI T T
poly?ﬁ%o%k%n%@l‘ﬁﬂ@ﬁ ﬁfe%r@fefr@&l UEi’tﬁé} ;ﬁJ.?e By dREEonk! hs%ch as decane and higher

pol ynmer-porogen solution are preferred. Either pure
homiejagues; ar boxed hysinedartwss déthertgpemumially fiamd ih pﬁmﬂegmefm,ctwns such as

reroBbne RS AT B 80 Be Bht MR B SRR B P Racate i
are Isdaﬁcdlmkﬁ &Pd?reﬁ‘i)ok@g%ﬂ copbafigds. oi | or a mineral

|bu sebacate m xture, are particularly
re oottt pmbient teppperatigay, iselsas parafinavax, can also

e i Asgfo @eng mhgn@eét%ﬂysﬁ@wﬁ ol § g R b e Rymer a

orogens |
elev@teditanpemuw‘s being a I|qU| d solvent for the polyner at
el evated tenperatures. K Gther organi c conpounds which

caPther qiganic semprynds which caa be used asmoyogse.Pariqwierhipwith UHMW-PE,

are cﬁgﬁetﬂ}'feﬁé)(éﬁl% t§ a(i %Z-Ptﬂﬁfl@ﬂ&gﬁﬁadlﬁté %E)ac aﬂ@tﬁﬁé@él &butylsebacate

tetraliaf m—dbcnampl n- cﬁmleaa:ml and diphdeymetiane aniktwteptherept m&tﬂnarhkﬁ

m ure thereof and.the |ike. Wien th or.ogen.i s

| £ PPIOSHR tS@fJb%\liwpgm (EmgPa s, & disgegio PRy gajybe formed
for 19&0(&&&1%% tdf tﬁé ekiRideP By QHdlﬁ%‘ e?&lﬁn&%n‘%ﬁé‘éft%ﬁeé g. BYJ\AI%\gW-PE

ng t pol ymer conposi ,
powdmt, mto tthee liquijamd mndngrthz |twg Omghe mﬂner omd; Hehopdregerhigradplid at room

R T A —

UHBIW- P RATRIERepirliRss, a mixture of polymer composition and porogen composition

is fed to the extruder for melting, dissolution, further mixing, and extrusion.
Unstable interfacial flow between adjacent extruded layers is preferably minimized or

prevented. Otherwise, the exposed surface of the multilayer membrane is characterized by
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UHMWM PE powder. Regardl ess, a m xture of polyner
conposi tion and porogen conposition is fed to the
extruder for nelting, dissolution, further mxing, and
extrusion. Unstable interfacial flow between adjacent

ext ruded | ayers is preferably mpimzed or preve

wave@@wéﬁwg%now@ @%b@me%slﬂfﬂme@ Iaff BTQRYLH P ab’éﬁrateé mdFlg 5.

Thesd RS @ bé fb @%@%ﬂalzr?é{’so?é’ subn ssn?evdéﬁ@ﬁﬁb&%etween the flow
non- un orn1 ness o rane product, as

rate of Vilso;mrity af ede pmiyi%leg-poﬁgen miutamswad i fiew rdte of visomstty foba second

severa ons, such a excessi ve di fferenc meen
Poly R BOR S SEPE 19F ST ST AP P BN AR R R RIS RS o
undesﬁabletw&%thep testiften hoRuhitahefiRativh §1‘i@§1‘ ﬂcyw Char@ctsRAREKor example
pol ymer - porogen sol ution, for exanple. These waves and

a vanntmn mrsuclopmpmmes kRAgrsetenthan abor 25 b@r@sa/mhe imembyene surface. Co-
n niform#filtration
extrof Rl e A B B e B BRnBlvg B weigpviot and along
their IBh@R RO thee 3eﬂfedgmﬁafrﬁ‘ filfedtdvn chRuieridtdar@ebiaimsd.t MRnipulation of these
menbr ane surface. Co- extrusian thr oda%h a single die

and vasieygrosier eRBUSioN paramgiers reglisin thedeyikedByerandiiinal membmnﬁ
prope?tﬂ?]g along their length so that desired uniform
tration characteristics are obtained. Manipulation
ofEnibveliigentaofithe anicpsronk hembeaﬁerhmrxgrtwpaxr anart daysrs or regions can

rslts n the desj edla randfl
have @M@F At CapEaRgs i £R0US 20 i grops &%198? g@@ﬂ%@%p&f‘r@ably from
about%vtngkgoﬁ% BbutBY RicrGheTH F%Ve[aﬁ%@ﬂ%sQ@:ﬂl behﬁl\()@ex?‘to provide

ness that can range from about 20 m crons
sufficénb menbPanti strength, prpssafeadrapy or fluxdor useb die tBiokxess pf)’tlns indjvidual
bout, 60 mi cron The r al ckness can be chosh
loyer{ T5¢1g01 €5 VAGL1 Fi B HBHDPIRE! E FRGPRLU PEGLEAE Having two or

mote @dy@f& or@égibhs) l‘ncﬁﬂﬂuélq@yersmﬁeglah§8ﬂﬁ§ shedfbradecahhdiyh ﬁﬂ@l&ness that
| ayers or regions can n sonme enbodi nents of the

is abontt 60 peroewies lese wﬁﬂartetahmvm}:;gmp ickess, rim seme aa,se$ thedndividual regions

have %ﬁﬂélﬁmgg;sethétnl? Iﬁ}\g%tﬂ%g gg}%% te?rr eﬁs of i}g i %T ﬁﬁg{%t {EEH? ! agleeferably 10
perceff orl16R dfieotalBisRibRR thidkRdsH.EB6r exiathple) AE50GRR A thi® multi-region

i ndi vidual regions have a_thickness that is about 20
microperoie sengraneeon have o peeieowih lavgnporghthat isiabr we@smwrons thick

integllt8 L‘l%{:]gg Q{a%leé%m%%%ﬁwﬁlr n&fg@ﬁ%’cr on Fﬁ & I -r egl on

mM@Qnmrspor@wh salntionsare ficrvmlaed mg)rovndmtviscbamgﬁer making
ores t is about 45 microns t inte [
multifayerrap Breélanlﬁ%ﬁr%l’qf@&l B anes. IHOé‘PgeBd?O ?rh°'8 utiogs are

mlsmﬂf%%%in? cmeﬁfrﬁ §nt PheSolutit cRObY FRinuPRELRE @xeﬁﬁ;%)lh’ td BRR sufficient
are n

mul at e provide a viscosity for making
melt streingthl fayp:roccnsmgutd have gomdunuerfactaﬂ) oeyito foemiarsheetof tlTenmlymers from

e oGS R S 2P o S5 A B, T vicostsy o

each ﬁdi?ﬁﬁflﬁol%geﬁ‘ﬁﬂﬁucﬁﬁg fcbﬁkﬂl&ﬁ at st msﬁaheﬁf EJ’)htdein the we1ght percent
processing, to have good interfaci al

polyngehré;gsedom B éotplo{vgngtr@ pfo}y@mr compositien @mchporpgen composmon as well as
temp f%tf{@ét@g sc-?leé aé‘yg%eg? yy ﬁ}?]?cf( ﬁér%ggedm Welgﬁn% p%f%rrrrrlbcelr rﬁgéd 3'ake

adjacent layers should be maintained between about 0 weight % and about 10 weight %, in

some embodiments from about 0 % to about 8% by weight, and preferably between 0 weight %
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each pol ynmer/porogen solution is controlled, at |east
in part, by controlling the weight percent polyner
based on the total weight of polyner conposition and
por ogen conp05|t|on as well as tenperature of the

R L ORI T P A—
polyn’f@%'ng Eaﬂ:‘hrl@}%r ?I%B\ﬁﬁ@&s ﬂ{équyeras PEpass aﬁd&ﬂéjw%i?l&wh @f the membrane.

% | nmbodi ment's from about 0 %1to about
Diffegms b)}vem gt mixiwrd of selventa b the petoge-polymees isgllations can bervged to
hlabob t)g]}%% In addition, to controlling the
achicyf ¢ &eé%h o fLLICLY Frolllngthe wei ght % polyner in

etk w lbeﬂJeﬁthfaﬁé pslymet thetht soletiorswith #efdrogsh Al betchésen to

wor kabi of the nenbrane. D fferent solvents or a

provige s&lm@s éhat bays attigentinelhsrenathayd ihadryera vissesitytthesirgn be
9 0,
proce%ﬁ ﬁ? é&garﬁg)lé Gt ha@%%hx?i’o%nﬁ ﬂ%@}‘iﬁ% Ak éﬁ%ﬁ%ﬁ@ﬁ&&a{l %ﬁ‘@ﬁ 25%
polynﬁrﬂ[ @g ehH—IMW-BE Bhwsight based pri chel weigistadfithe mirsutel@bduea welutions
sufficient nelt strength and t hat ve a Vi scosity

which Wstdlf%shlt bropropss abpiaglical rades q??ﬁ%ﬁ?ﬁ |0£ efi gl uisgpsiiest Qe other

t
hand, chf3hurdd okl e SPOLALBUD Dl indri\AR, RHV- P by AL Bloduce
solutiohxhavieg pek dtmezt@tbdodowdhm praviessitng affthe ditiideduh¢mbrane is difficult. In

process at pr.acti.c r.at because of j iLgh . .
adciei e bt v R Do fiitctnp e UHREWERH b My result i
micropBlRiyntithned ¥a RBIhTRAch &F tHe mididprbls sthiét€b8lpses. Collapse of the

produce solutions having nelt strengths so | ow that

micrqporssie seusigreaesults én eﬁlwraaﬁe of thermsrraeability ofither m@mbtanes nAccordingly,

v LA 3G S A SRR AR an
polyni@ B Ivodiglg. HbWWbﬁ&hWﬂgﬂﬁpe&&ﬁta@b@é&ﬁdé @ﬂﬂuﬁahgl@édiﬂ@be used for
col lapses. Col | apse of the mcroporous struct

other pelymersbesifles (HBIW-REasspuldrhe dstarmmesibyiang stsﬂleflhethe art. Amounts
ot ol CRTIAPS2 SRR o I0VERD AL DAL o e

weiglitef thpahixowe, doy pmrgihl bechi!sweucﬂr ambuies resedt ghéxtruded membranes which

percent ages ide of, this range coul d be, used for
can bg f43gH! yamcwes? YRR OPRhAAM I SRS 1Ry e e BICERACE Y TRggpbranes

havmg?%l&@%}_'%dﬁﬁééq Tﬂé%l%gltlemyg‘ two 09{1;10%61 Er %o;ogen solutions

\ et ween about 10% and about™ 2
extrudesl gyhthe desmd pmefetablty beneithihtabarit 10&6m xt ur e, ar e

ferred b harmunts ult in extruyuded, . .
Brfare Gifiential Giring xEtlpy of aiasentlovyrs Gt e Maintained between
a’bothP r@’%ﬂi 4wl o 'pPe’f@t%lthét\%e%%%@t 0“(951&&’&50%' §0° C. Output (flow
nmbranes havi ng out st andi ng properties.

rate) m’ugcxﬁ eiliacent layErstqag bpmmtamn@ etwsen ¥ oud rto g ol g@;ﬁerably between 4:1 to

t.i on extr u the dig can ef er abl
14, Rt TnesE SRCREMGS vt aoabPle HafeR BF iR Abheet taygrs faciltates
unifof ifnsirgne tBfckaes &ﬁ@ Bﬁabﬂl@yﬁﬁl&rﬁ@ﬁl BewhRtWidedl adRM el Qaywes Mhis
about 0 C and about 100 C, preferably between about O

allows cajginingnfiadipgentdayars, wgbput(ep(tenge pgmgynglmg Qs upgesirable surface

effec@%ﬁﬁ% ig # ?r(egé ﬁro%%ﬂieg %%&Qéf@#t%ﬁg rg)x?gteg\@gtgveég a&] abéht polymer
porogen solutions in the die also facilitates bonding between different regions or layers of the

membrane.
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1: 4. Maintaining these properties within acceptable

ranges between adjacent layers facilitates uniform

menbr ane thickness and stabilizes interfacial flow

bet ween adj acent | ayers. This allows conjoining of

adjThesershmb pyspetios) iseful in eotit@ildgamdanaimaiighd Meifsm membrane

..undesirable surfa effects. j ntainjng these .

thickgessadsst werfapﬁfﬁeweﬁ?é paiseihmeonelingdhe patpmeteriin the layers
of tHEHN(TREmbRAE AP the 0Ll RS cleflsi S MeinBhBAint 8¢ h WHH For

bondi ng between different regions or layers of the
exanmiershadmiceld pbheese cambe upddp exadifyghe typef situctuse, or morphology of the

controlli.n nd. mai nt ai ni n ni f or m penbr ane
poret fiefo MRt robo e adh BiodPb ey SpeH Bres Qi fiptors such
as cdoling QIRb phlyl d 3. WReP R ERATRIBNISrd1l s WA, bAY IS of Bfe rh{iﬁiﬁle layers will
final menbrane and the oOverall characteristics of the

contaes s epeling surfacgh dhis layesis capleshgslaguickieratshibae thegpmaining layers.

. i f ty, tructure, or
s RS0 5 4 5 R 5 M3 i 8 . the e
in cop@icogah thaWling SurBice dusidd hakyknPienpdes than afali@tent layer extruded
factors such as cooling al so y a role. Wien a

actors s ) pl a ] )
undeg igegtieal cHrymstarges, whick dees, nob gentagiiike esoling surdager QN eourse, this
i 2 ol d . Thi.S . e
outcO¥ ShPbd ered ARMR Hark 1B RA N ALOHU B itcs WiilaBY o
memblanes wialdé vaddr édntitdl@xsrugion obnditienspbut@soled at Bi€fetdnd @mperatures can

rodugt . .J. other _things being equal, the layer in
resul m@aﬁ@d\mﬂl}?ﬁﬂ@wﬁ% mqrrﬂpgalmrp&%@e i reuaqsm@@;ymlqs@_r and 3 below,
demOitaRs Eﬂl?ﬁoiﬁf] sﬁ(\%}@% ﬁl‘ﬂa‘ dndtﬁ:)é%le BitferdtievetiBCvd A dtiranes

ci rcunst ahces, oes not contact the cooling
whesih¢ aulg diffifreosus the, covlngtempetaturegsee dine Bablabelowdd

t hpoygh. mani pul ati on of the other properties..
i TR PJoTe R 8o st o BRRtGR, € Ritesen SPRRRpifioh is fed to an extruder
whe@%t s hehted, t6 AR dielhted fompdtufes f6ish §P01‘§hfe§-?6ﬁi@€n solution. The exact
tenperatures can result in markedly different final
tempeeatie aemprineed dp dissales the obmeariwil derendpipes the type oBcdapasition of the
d strates thi int.,. show ng the noti.ceable. .
poly LRSIk e heleht Aoty atd o dor e, 480 g pespsgtion of polymer
pres@il Yh ghnkfatrtemperatuSestdTab6@A00L beMpPRITRAkE beer( £aAd blifable, however
Tabl e bel ow). Each m xture of polynmer conposition an

d

for offisr palyrerse fseRsTatIisH that axedrighes op fpvesk twhicheare syjtablefar making

emb&ﬁﬁlteﬁg of tE rﬁ@seﬁ{ x%ké@%fa&“&eé SRR REHGSY &&?lfn%éﬁ By one skilled in the art.
pol ymer - porogen sol uti on. e exac enper at ure

r e§oliutied fdrminy is sohy i thb extpadey DRder\mdderatesteatl I hanbdehdound that
type or conposition of tI he polyner, .the nol ecul ar,
somgghegtis nggessary i, pioyide suffigignt BBF’G@%;E unitogmiheat distribution across the

polyftﬁ‘af‘&ﬁf‘ttoraﬁ){zvqﬂo fmigg%%’aﬁrigg%teﬂf&ﬁ&%fon olfﬂhegc% oRbnts uring processing of

enperatures of a or nore have "been fou
eachsuirtddyl dhe hppvepeate amonniodfishearpohty amownt stiffigiert & formsin the

that are higher or |lower which are suitable for makjn
extrysiE ARG BT RReRACUOn AL RBDHTE RATAEsesa Bat e ees can be
extrudRl PRI R Kol difddtd, 86cH 43 Holkd 2l bubbiesd id Which BavE £bd

is done in the extruder under nopderate shear. It has
strenggthe rHéWened thhamourg ofshesn skould be hdowswamounbwhichwsighificantly
degr%cﬁeé ftl'lecr'ngc'}ltamryaf( ﬁr’&ﬂeéi&r 0 ﬁ‘dl{aﬁér‘i“ eeaatmo%'nfc' &r s!h%grt dedted R 1R Ered to

herein as “moderate” shear.
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pol ynmer and to allow nore m xi ng and interpenetration
of the conponents during processing of each extruder.
The appropriate anount of shear is an anount
sufficient to form in the extrusion apparatus, a

oG SOCHCof3he 1 S ot e be o BRSO igidsted can be controlled
as fAIRWAC e sBAE Rat@ SpplRHeS dRNG kR Eﬁhrt%ﬂé}n Wﬂih@'@l Bgﬂ ggﬂﬂggﬁtrusion
h earsoulg e bel ow

strength. However, the anmount of s
system. Emparticulavi thersceewospieéd ardhthi gap betyrean the scresv arethearel wall of the
oper.t.ies . of polyner..The unt of shear .desji.red i
extriRsF B3 e et e, G dPa e il SHROyRdn Bfder, such
as inGwis-8&8tv dx@ruidts,ahe SHear B0 1lalsornfiReicd By T diddREL between the screws,
subj ect ed can be controlled as follows. The shear _
the degiga of s sceayvstandithair xiationploslationghip, ige chantating pheounter-rotating.

' t ' . |.n.:part ar, t
i35 a4 E KA B0 oo AL e RS SBlpal s extrcer
param@telrs. ofn ddbiitiongthe amdeant afgolymdrdegradatidhduett 8Béar cah Be lekdened by
is, enplQyed in the extruder, such

nmor e tha,la one, scr [ . ex
redugigthe segy ﬁn@é}n@w@ﬁ? polyaies mixtye adesqiutionre thesexiudey. For example,
the RkEPGH B ?Qt%‘%&e? 3ar%e9§}1%ﬁgxgecft3tﬁtr¥@§>@ tﬁél%siﬁ@xgﬁ%"iﬁne £or B6lymer mixture and

design o e screws an err rotatron
solutiel.at i onship, i.e., co-rotating or counter-rotating.

Thus,, the shear.rate c be adjusted b roprj ate .
< Bt PSS SShuiaT s Ex oA Lo Earels PHOHEIS and the exirudates cxiting
fromPé eRPhRIPare FEH @g&h&ﬂ Bfbugh BEn @IMHA ﬂh@ﬂ%ﬁ;@&lgg% %rfdntgen forced

__degradation due to shear "can be |essene
withinrandrtbeugh acemmarediofn ¢comtacpwiithreech othgt soras tajuin thel layérohaving a co-
in the.extruder. For exanple, the barrel of the
eXtelés)%YerWé al&cgﬁ’n%té'shortened to reduce the residence tine

f oTh ekiitte Mbnileuélte:@fder theh i pa0skd th@ubh RRbMARI feedblock/film die
solution is extruded through separate éxtruders and

combipatiqaer thepneh & neyliitmangfold filmrdierwhassinthayeare centactédand joined

oo BB AP 4 A B

tempeetre Suffividnn teeaie plidle tepatatida ih the MuNildyeLmeapbednS sheet or gel sheet.
[ 0: extensive width and |ength, The extrudate

havi.ng a f / 3

Sucly aokipg sesHiteln 4 RRiERe FHeh PPrEogsa-poatiphase aidh distiagpebpner-poor,
) hm gi | nation or through a

porogﬁrfﬂ?ll_l ﬁg%%%'h@ﬁeﬁnrﬁn%}g%wher ein they are contacted and

j oCneling is cgeick@ut atrutdelopr the phase separbiiormemporaire] Aypically,

sheet. The resultanf .sheef is cqoled to a tenperature _,
tempgpes PERROY o/l Sﬁ]&%gwﬁ?wﬂhwﬁé\ﬁﬁ ot Fenynegapwies higher or

r . .

o e AR LpOL (i TABcular MO DRI AR 5 Adlired. A
partigid anjyrsuitabteorooling epragsns canpriseh a seotovizedirotatihg ciilirbi.ane.

sodh Eifhtish B30k B ooy Rl piphocati B ARG aflset thp ultimate
multil)ep wiemibte shnie PRUECIC TR gBRIRAIONEHer CRINBY $htePich@ o provide larger

t enper atures hi gher or ) o
pores in the microporous membranes and increased gas and liquid permeability. The length of

time the extruded membrane is maintained under cooling conditions also affects the ultimate

structure and properties of the microporous membrane produced.
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| oner may be used dependi ng upon the particul ar

pol yner (s) used and pore size desired. A particularly

sui tabl e cooling apparatus conprises a notorized

rotating chill roll. The cooling rate of the extruded

mul til ayer nenbrane can also affect the ultimte

mul til ayer menbrane structure produced. |In general,

slo is r

t e ter S8R R T SEOE 48 gAY iR Sack D5 HE o i RoRGtgh tyructure in
thep&mltr&t&bn Ilnemlarané'lmacrhaa@ by rfmfxovuﬁg porogdie &ptdﬁ&iﬂﬁﬂway to remove the

1§ S nalntalneq@under cool i ng,condi tions al so

POYQE?%Et selsetiy extingtion. Extragtipn pan %ﬁﬁf%fﬁ”s BY {geTsing ﬂlﬁ@ultﬂayer

meﬁlb?érféﬂﬁ LeH STRURERE @xii’a[c%%' ﬁgﬁd viflcHYs mﬁléf\in'tlﬂh% "Worogen or porogen
cooling to create two phases, in each
mixtirsrandovidels detsmot aluprecmbly affbet thapalymery erg rIﬂiMWFRE isach as trans 1,2

enpvi ng porogen. A preferred way to renove
dlc%gzoetﬂﬁg?‘b%oé MEKy “sel ective extraction. Extraction

canTheefedtive etk e dfitHBmultigyd P&rr['ﬂi‘bﬂd ik @f@ﬁcﬁoﬁ%‘i‘%e%lﬁymer/poro gen

in a bath of suitable extractant |i
corppesitians ©f thetlpyars usedaind geacasling sato 1edrw ﬂtelmeltliaydr extrudate.

Sl FoRen 2R RO Bl sl LR g e Betoent polymer

forla@(@qu;ora'gm oz fpbaspleh veixed #rdddrashicH arelk@olet lat high¥@tes. Pore sizes for
nmen ggne Is g function of the polyner/porogen
the syuHiayes 9rapeltigegion émF%i’g?@fOé‘S a@e@r%rwa of the pEesst ingentipnesan be
t l.
Ao e e T b (A T 1 PAD ity s by reforence
in iwedngiindty pefrabeut 1(ppsi prpteatef, on scﬁn@ ebodipenBgalPArequivatedebubble point
i Xxture and/ or. whi ¢h are cool ed at higher rates. Pore,

of iﬂ%g‘f"fw or gieatefnang iin glher erpbodiments ap IRA sAuivplepihbbls eoint of about
1407B47RF gR@Rr.Of the present invention can be described

as having a nean | PA bubbl e point (ASTM F316-80

in th(pmrlmﬂ:ntaé merlndésgribedt lerein dgedicdtes thatsthe specifet porogen employed

bout reater, i sorre enbodi nepts an | PA,
£ sieditfany Biregof Bienombploa Sud PgE e pr B viteae Sricroporous
meﬁibﬁhﬂe r&hﬁ@d F&ﬁ&%ﬂﬁ@lt&a@ﬁeénwmwﬁeedf%@%m& mmeral oil or
poi nt of about 140 psi or greater. The experlmsnt’a
dlbmll rebaease.rtensisdo mesulfiima ilasyiopen-gpetstractutchia thpmaltiliyer microporous

flcant ffect on the
e SRR e MBS R 8t BB opor ous
nenneiafrmgubcrdglcse dle JuefaceI@HPhEmbiabhe D2 $nddeRR uh@sstdbleRadves or
use of the porogen, mneral oil or dibutyl sebacate,

rlpﬁléﬁw%wtl@ reslh from gelativeangvespran of gdiecest pelymar kayers while the layers are
0 d. This is
ch,a:é{r gtg‘?@ﬁ%r&e% lﬁg gg ggg&g%rg rlrleﬁg%%ﬁ@y Ref erring
t o Fhafollowingexasplé ﬂh:letra&@s thé praseitiaveati®R ahd & ned @fended to limit the
undesirabl e waves or ripples 94 which result from
SaCa| ati ve nmovenent of adjacent polynmer |ayers while the
| ayers are in contact durlﬁgm& essi ng. Such
menbr anes are undesirabl e L
Materials:

Ultra-high molecular weight polyethylene (UHMW-PE) (240SU, Mitsui Chemical)
Mineral oil (MO) ( Britol 35 USP, Witco Corp.)
Dibutyl sebacate (DBS) (A0167-R, BrandNu Lab)
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The follow ng exanple illustrates the present

invention and is not intended to limt the sane.

Exanple 1 Materials: Utra-high nol ecul ar wei ght

pol yet hyl ene (UHMW PE) (240SU, M tsui Chemi cal)

Mneral oil (MO (Britol 35 USP, Wtco Corp.) D butyl
Halog@RR8 &V 8rot4BS) sd1Péit AdixRire BIRAANSh HaRlicroChrdBdpgenat ed

ydr ocar bon sol vent m xture (Acchf ush I'l, McroCare
Corp.) Menbrane Preparation: A double-layer

crgporous UHMM PE nenbrane was prepared by

MQM%% two UHMMPE solution streans (1 and 2)

ofA dbiiflel SRt nfi@bporoas UMW PEUhEBBRAY Way prépated ¥ co-extruding two

separate tw n-screw extrusion |lines. The two extrusion
UHMW s solutien spmae (bangy2)anl differenti opmuletiens singdianggisly from two

. ie.sueh.th .sOb:Ut ] [ .
separtfs iEAEEL RSy e, (The G MGELHE Qe BXELARERT an cxtrusion
feed Botluandofiat Sheet dio shich tisdt dhier tyvandokutiondayens siedoimbinedf asohe before being
% UHMWV PE powder, 21.5 wt.% DBS and 64.5 w.% MO

extru QBEGEH at room tenperature. This nixture was
stirred and netered via a FM punp (Fluid Metering,
nodel V200) into a tw n-screw conmpoundi ng extruder
SolutiddrStivemder, nodel D6/ 2) equi pped with a pair of

PR e s REREPT Eptos UHNIRR et oS Sieaf P8 and 64.5
wt.% W08 as( R PHr&E 8 rodmdeMpefAhBEE Tls fixfide Gils stiliB hd m@ERvia a FMI

al so attached downstream of the extruder to formthe
pumypf (Flyid Metaringi orodel Y200) UrwapEvinessraw wamprundiag extrader (Brabender,

ted. in,th > ent ..m IS tRis, .
moas] 02y G PEREMERAB PO S as) ) A B s o
(Parkeif HhiMifin @¥delLiBpol, 1.8au¢rewd ra@id sRatic alixdrqDyaR0o,228m Zlifieter x 23 cm.
The extruder screw speed used was 50 rpm and the gear .
lengthyy wysres glsedatiaehbed: domnstreans ofsBieyextides e clomnwths figq extrusion line.
UHMQVTFE r@sh?w%? Menc® EECXEJIV&E@ th 8 FH8/REC sO196nt hQRkre }‘u?sycfer this extrusion
ol atron ream slurry mxture consisting o
line. 15k¢ ténpdrdiidt RIT thewdeibus Zéned oft thid eBtasiomdlide? wére vdt. dvobstveen 220-
was prepared at roomtenperature. This m xture

270%t Ther PPN &pesd Wped s Pfh rpmopdsthe geas mﬁg@ﬁw 4rpm. This

. i ; Rk | der
e R A

punp (Parkin Hannifin, nodel HPB, 1.2cc/rev.)

Solution Stream 2

A slurry mixture consisting of 15wt.% UHMW-PE powder, 72.3 wt.% DBS and 12.7
wt.% MO was prepared at room temperature. This mixture was stirred and metered via a FMI
pump (Fluid Metering, model V100) into a twin-screw compounding extruder (Baker-Perkins,
model MPC/V-30, L/D=13). A Zenith gear pump (Parkin Hannifin, model HPB, 1.2cc/rev.)
was also attached downstream of the extruder to form the second extrusion line. UHMWPE
resin was melted and solvated in the DBS/MO solvent mixture inside this extrusion line. The
temperature of the various zones of this extrusion line were set at between 200-260C. The
extruder screw speed used was 200 rpm and the gear pump speed was 40rpm. This solution

stream was fed into a 2 port co-extrusion feedblock as the back layer.
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was al so attached downstream of the extruder to form
the second extrusion line. UHWWE resin was nelted
and solvated in the DBS/ MO solvent m xture inside this
extrusion line. The tenperature of the various zones
of this extrusion |ine were set at between 200-2600.
The extruder screw speed used was 200 rpm and the
gearh PAUITRoRRBAL AR AMRBovd ReR j5Rkd tiBfsh ééa-@%gwﬁfeedblock with
fed into a 2 port co-extrusion feedbl ock” as the back
twol inpwrport2 2s THewotlayer solution stuctnee digs fwoolayerbd vteuataeevas then extruded

ol ned .t hrqugh a.co-extrusi feedbl ock wt t wo .
ool iy e B8 v ST STy B it PBeorh 1R ep thickness as a
sin%lmyklaétﬁlﬁtﬁﬁl shbétU Clthéldie Watpetdt@e vastrhalf@thed a1 P3N Bhis extruded sheet

| at sheet die with an opening of 18 cmin wdth and
was, @Bnehad; on gaplating elweasplated ghilkiolgwaose dgmpergire wag gontrolled by re-

. : ' e S [ [ 175
circHEBE oty dFet SRR RL SoleS 1B BhE BRE Ryt e of the two
layqpbdfienl wabin dirdcotdntadi ovth the oiidirrall wirgacealariag His opdratibdyQuenched gel
re-. circulating constant tenperature fluid at 60C. The
filny (i%lﬁknqswﬁu)(vga@reﬁwow p ggteriged Slmepadsryg | ayer ed
fi . . . N I
aur gt e aha SRONBEL mBlohthebP iR tict B tonHEcrl i appearance,
a lengfh) ofvtle film Ived mpuried andretanrped dsttwednntwa npar cerfer rectangular metal
extract the DBS and MO fromthe quenched. fil mwhich is .
framcs, p0 RIBFRE i SppiegAmOUTt of |4 RaIoRENe] hadRicpipResolvent mixture

(Acﬁﬁ’lt’iﬁﬂ?ﬁa%}dlﬂ@ﬂrﬁ@ fsQﬁEﬁﬁ%&tﬁfé@v&% R@RngedNb Gfesh amount once during this

rectangul ar neta rames, and placed in an excess
extragtiomtimef Adteh diybngthetstitl resiainsdspple at opane temprrature; & turned white in
AccuFl psh 11). for..16 _hrs. The solvent m xture was
oppiiicfec o MRRE HBLNE Dot IRt Ay S tfipggpure was set at
1250@ Ny 11\iRY. tifuyihBithdabSet$hd mkmbeSE bafoRe®sthapl € at room
tenperature, it turned white in appearance. The

restrained filmwas then placed in an oven whose

: I, : et at 125C. for 15 mns. to further

Me%lgl;%ﬂ_ chm%d'ﬁtrcﬁeg\ﬂ%or{%.r ane before testing. Menbrane
ChaTlechembmat samsie whb exarmined by scanaingl edectvor neix@stapsd Ty cross-
scannj ng. el ectron nLcroscopé.83 The cr.oss- section and

sectiqn andouifacigragentg spwNA1gS; g3 and 4. sThefross-seqipn view revealed an
intebfa? ASGbIE Fa?y.\apﬁﬂl\é.thﬁ@’\ﬁtﬁ\fﬁ@{o? Io?tﬂ)n dr%&gg% sRkiBh l@tr{%ﬂﬂ §'and bottom

tructure"wt e top portion created from solution
porson eated framosobdionateeap @ tThermudtikbyepbréusanemblant hadithe structure

oS 1y 2 3 s Ao s 18, S0 R 1315 ARLeSERYRI ot bottom

laye3; the top layer is less porous than the bottom
l'ayer. The resultant menbrane was tested under )
st ahtareshltaohaembrang wal itestad inder siandard condtiions, kmopmap e art. The

e
med¥@tedind By iR (iR FPHbRO beRD RS atcaltd\CondpREElotthe propbrtids of a
commercial UHMW-PE membrane (TPVP manufactured by Mykrolis Corp. Microgard Plus
CWAVOI, 0.1 p Rated)).

The data show the UHMW-PE membrane from Example 1 has higher bubble point and

flow rate than the commercial membrane (Comparative Example 1) of similar thickness.
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commer ci al UHMM PE nenbrane ( TPVP manuf actured by
Mykrolis Corp. Mcrogard Plus CMVO 1, 0.1 Rated)).
The data show t he UBMM PE nenbrane from Exanple 1 has
hi gher bubbl e point and flow rate than the comrerci al
menbrane (Conparative Exanple 1) of simlar thickness.
23 Exanple 2 A double | ayer UHMM PE nenbr anes were
prepared by the co-extrusion nethod as described in
Exanpl e 1 except for the ESMOBIEiZ\g differences:

So I ' - 17
o~ SD PR ORI P ity ok Wi plbp it IR 80 Sylsiypethod o

describedrin Euampbpieaa«deplsfeﬂthmﬁslkﬁ;ving difménces:on St ream 2

Slurry m xture used consists of 15 wt. % UHMWV PE

powder, 72.2wt.% DBS and 12.8 wt.% MO Gear punp
Solutgﬁleﬁ%aﬁlspd was 40 rpm The chill roll tenperature used
For quenching the co-extruded structure was at 50C.
ThHeurrp i plere used cosisthoS1 et HHAWrFRE gowder, i41.5Tab¥cDBS and 41.5

A dou e . UHMNM PE nmenbr ane was prepared
%EQBH%@B%PQP? &?ECLB% ?ﬁ%mchl [l roll tenperature
used for quenching the co-extruded structure was at 31

C. The properties of this nenbrane are given in the
Solutii¥teeage? ow, TABLE Menbrane Thi ckness Mean | PA Bubbl e

ST 1 A P R

wt.%2MO6 (Eehr puilp sﬁeeﬂmsédéwas 46, 1 * by air-flow

pQr. osi nmet hod ASTM net hod F316- 80)
Mﬁﬁmﬁ&wﬁwe psed fprgusnghiag dhe qqq@m@pﬁ gtrugsire wastat S0C. The
propég%%ﬁ‘kiﬁﬂls%nﬂ}%eeﬁé SiveR3 §RBleBUDl i cations, articles,

Example 3
A double layer UHMW-PE membrane was prepared as in Example 2 except the chill

roll temperature used for quenching the co-extruded structure was at 31C. The properties of

this membrane are given in the Table below.

TABLE
Membrane Thickness | Mean IPA Bubble Point* | IPA Flow Rate**
(L) (psi) (m)/min/cm?)

Example 1 66 46 4.1
Comparative 60 43 3.1

Example 1

Example 2 46 64 2.0

Example 3 44 82 1.2

* by air-flow porosimetry method (ASTM method F316-80)
** a1 21° C and 14 psi Ap

All references, including, but not limited to, patents, patent publications, articles, books,

texts, and other references cited herein are hereby incorporated by reference.
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texts, and other references cited herein are hereby
i ncorporated by reference. 24 CLAIMS Wat is clained
is: 1. Anultilayer mcroporous polyneric nenbrane,
the nenbrane conprising at |east tw porous |ayers of
polymeric material, said r@mf@ne having | acy open
pores, said layers formng an integral porous bulk
matri x and wherein the polyneric naterial of each
mﬁM?Hah%xHEtrah'gh mol ecul ar wei ght pol yet hyl ene;
ereln at least two |layers of the n1croporous
merrbrane have different average pore size.
E N@eat
nt;{ g‘lrcﬂ)lﬁﬂaggr @l%b%ﬁrr%#;ﬁ’d{yrﬂ&mam%% gn@e g?\érﬁl}frgﬁé %or‘ﬁErlsmg at
leam @v@pwouﬁ @wyetsrif palyeesio mﬂtqe@watdwme@bra@yaaymgtlw open pores,
safl 1AGE £driN rg rﬂiﬂ\’ég?ﬂgero%gfﬂuikerﬁa Rl ﬁd%\)hé?elﬁ fRbdiyier cmaterlal of

ayers on er ~si ayer porous e
eaghigyer isi uitgahigh mplesular woight mﬁyqﬁhylemeng a pol yneric
material, said first layer defining a plurality of
pores of a first average pore size; a second |ayer
whesseip it lsastdwotayesspithe miegroreroas membrang haveahiarent ayeeage pore
siZdefining a plurality of pores of a second average
pore size; said first layer and said second layer form
an integral nenbrane; and wherein the polyneric
2. Mt & f@hniPdn ‘Ef‘a %ayﬂv.@%@m%e%hkkﬁé’smﬂm ! @ microns.
wei ght pol yet ene . 5. Anultilayer porous
menbr ane conprising: a first Iayer conprising a

3.pol y, ehﬁ)ra feididd! 1, %Nﬁ@}e?r? {hbrﬁémﬁéﬁgﬁoﬁﬁﬁééﬁ'tﬂl%e%yers the

plurality of pores o rst average pore size;

migdiedaper hayieg acomien rIra gizehrapibeawers en aithessidgl | al d
second | ayer defining a plurality of pores of a
second average pore size; said first |layer and said

4. sec dhanultiayer PerossMembranceeareRrisingB fissh 2y h FRMINIFINGA RolyMeric

tg t
méptgﬁaﬁ eilépﬁr%t ia.?é(retfeflmﬁfh; d}ﬂ?raﬁﬁggbﬁgﬁnﬁ 'a(?lgbt %ﬁ?i&??@ PBre size; a

sefPnd g MPrisohe pelkmademeEaTE! salélcﬁérﬁ@n%liamgr dqﬁlélngtaerpjgrahty of
pofds offﬂé%ﬂga%ragfﬁérte dipMo m xtures, each mxture

conprising a yner conposition and a porogen
conposi ti on; separately heati ng each of said 25

sald ArbULGS dhf sald LleNRlger %ﬁﬁ%ﬁﬁrﬁ&é‘r‘é?m&ﬂbpin%dﬁﬁt?wﬁerem the
correspondi ng sol ution for each
polymeric material of each layer comprises uItrahlgh molecular weight polyethylene

(UHMW-PE).

5. A multilayer porous membrane comprising: a first layer comprising a polymeric
material, said first layer defining a plurality of pores of a first average pore size; a
second layer comprising the polymeric material, said second layer defining a plurality of

pores of a second average pore size;

said first layer and said second layer form an integral membrane; and wherein at least

one layer further comprises ion exchange particles.

6. A method for producing a multilayer microporous polymeric membrane,
comprising the steps of: forming at least two mixtures, each mixture comprising a

polymer composition and a porogen composition; separately heating each of said

25



said m xtures; co-extruding each said solution in

contact with at |east another of said solutions

through a form ng die under noderate shear to forma

mul tilayer sheet, wherein adjacent |ayers correspond
mihﬁrecs‘%b%n“eg\fafé‘att@ﬁ\ §r%ltdﬂe't@Bl%duE@Q|cbr‘?@sﬂoh8m§"ébﬁmbﬁyo$ each of

eet suf I ent to cause phase separation resul

sajdrmixtusest; gaextrudiog eacpiwa;@ spiutiyoin coptagiowitaaideast another of said
so%ﬂ})ﬂ%%dgﬂoﬁorrﬁlﬂ{; QRETHdek FOIRRAS SndaP tERAA & AYIRGy&f sidf, d

heet creating a mcroporous structure in
whergin ﬁd_llat?ﬁ%mté@{»@fs eqf@@powt%@ucb@qntwwsql@tmﬁm rplisathe multilayer
' 8 aQfolyadrdi
sthm - géyg?fg’ﬁaﬂstﬁ p?%séy :é r&%‘n%eé‘é ] orgi)lr SSJSO y?ﬁ’ér |ch | Borogen-poor
phaserBncha @OlEEr-0got Rerogen-iich ehasegheash wyer @fysetdsm@lm ayer sheet;

r bbER
crégtlﬁ%%arﬁlgFopgﬂfu%\%'tr{Mtﬁro%Hg @Pgl?d%gr Lt Hyé{é b removmg said
pogagieneemposition fomrsaid Ipyerd 9t $aig naﬁt}la@é Afeet |t<aylé A @mpmfgus
o gertn‘i’en:"ﬁéﬁg}ﬁa #E/Wor rﬁoreﬁ‘egﬁﬁé‘erdlagérs%# &ikrBrefit p%@l f'aﬂd

polymer content ol m xtures produci hg adj acent |ayers
drying thernulliayey memBenBy wei ght. 9. A nmet hod of clai m 6,
wherein the el evated tenperatures enployed to produce
a solution fromeach mxture, differs by 0 to 100 C
7.i n domgthiod e claind Buwherginadeessrronieal efrmixturggoprogdugieg Adigcent
lavefs GikdisBv toMtes Bl ReldhE €l evated tenperatures enpl oyed
aﬁosplro uce g Fttlergnfromeach m xture, differs by O
to 50 Cin sol ut| ons produci ng adj acent layers. 11. A
g, et Wﬁleﬁ‘wfod%lf Bialf 6; wm@fngi&rﬁé}%ogf%l i rﬁ& uped [5rH§u<9ﬁq5Jij9¥\ént
rates o t1ons producing adj acent ayers 'S
layegs differs. byito 8% R weight.of cl aim 6, wherein the ratio of
extrusion flow rates of solutions producing adjacent
layers is 4:1 to 1:4. 13. A nmethod of claim®6, wherein
9. t he Ansathod 9é clain Bowherginghe slevaigr igmperaturesoerspiayetto produce a
sol#ibR frBmSch thigtdFd, Ffférs o td\ AR ﬁ’\dso‘thloﬁé ﬁf’cfd‘h@ing %ﬁ%@ht"iayers.
porogen 1s removed by extracti on.
claim 14, wherein the nenbrane is restral ned durl ng
108Xt TRGEINAR-of cihfn 6%”@%’?\3% Rleva ﬁ'téﬂléeraw'r‘& &hﬁlo?&?to produce a
menbrane I's restrain urin gt od
soitior framraagh nyiteres idiffessabii taip |¢ w@*u mﬁﬁmhlémaa?éimcmt layers.
| ayers. 18. A nethod of claim6, wherein said
mul tilayer nmenbrane has three | ayers. 19. A nethod of

el aifmnethogliet clainy Sswhereimthe .ratmﬁxmmmrai%of@obﬁlons
pré@fcﬁg'ﬁeﬁ:@ﬁt lay&Qis fo:fs had for producing an integral

layer m cr oporous polyneric nenbrane,

12. A method of claim 6, wherein the ratio of extrusion flow rates of solutions

producing adjacent layers is 4:1 to 1:4.

13. A method of claim 6, wherein the membrane is cooled by bringing it into contact

with a solid surface.
14, A method of claim 6, wherein porogen is removed by extraction.
15. A method of claim 14, wherein the membrane is restrained during extraction.

16. A method of claim 6, wherein the membrane is restrained during drying.
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including the steps of: formng at a first mxture
conprising a polyner conposition and a porogen
conmposition, and a second m xture conprising a pol yner
conposition and a porogen conposition, wherein each
said m xture can be the sanme or different; heating
said first mxture and said second n1xture garate
7and / Mek9E et §, whereinrsald Byliayer m?@ﬁf?é‘?ehaér“@ {ayers
produce a first solution and a second sol ution,
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193 ol vt eHog e claing Ecwhrreinspt mHE‘W@%’HSWQ?“@d‘aﬁ HePrdBREARyers.
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indNASPtheStRT: forriBg aPh flﬁs@hﬁ&t%fﬁomdn%ﬁ r,composmon and a

creatln a m croporous structure Int dual a er
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d.éiurmarﬂoo%ﬁéiégﬁéa? to Rrmaa Qi) @eryer er-'.lelt ~veHebeth Wl firt8HRE 3bResponds
A nmethod of claim wher ei n each

of
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sai d por oge OSItIOﬂS conpri ses a m_ner al
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nmul til ayer n1cr0ﬁ$rous menbr ane. 27
removing sald porogen composition from sald dual layer sheet to yield a dual layer

microporous membrane; and drying the dual layer membrane.

21. A method of claim 20, wherein each of said polymer compositions comprises
ultrahigh molecular weight polyethylene (UHMW-PE); and each of said porogen
compositions comprises mineral oil, dibutyl sebacate, or a mineral oil-dibutyl sebacate

mixture.
22. A method of claim 20, wherein each of said polymer compositions comprises
ultrahigh molecular weight polyethylene (UHMW-PE); and each of said porogen

compositions comprises a mineral oil-dibutyl sebacate mixture.

23. The method of claim 6 wherein the porogen produces lacy open pores in said

multilayer microporous membrane.
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