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U.S. Patent 4,828,772 discloses microporous membranes formed from ultrahigh
molecular weight polyethylene (UHMW-PE). UHMW-PE does not dissolve in solvent at room
temperature. In this process, UHMW-PE is mixed with a porogen (solvent) which is then
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
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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;
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In some embodiments, the elevated temperatures employed during extrusion to produce
a solution from each mixture, differs by about 0 °C to about 100 °C in solutions producing
adjacent layers. Preferably, the elevated temperatures employed to produce a solution from

each mixture, differs by about 0 °C to about 50 °C in solutions producing adjacent layers.
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creating a microporous structure in the dual layer sheet by selectively removing
said porogen composition from the dual layer sheet to yield a dual layer microporous
membrane; and
drying the dual layer membrane.
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
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In some embodiments, 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.
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temperature, but can form a solution with a solvent above room temperature. The polymers also
can be characterized in that they cannot be cast into a membrane at room temperature. In some
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
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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.
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between two [ayers.

“Coextrusion” as used herein refers to the process of extruding two or more material
compositions through a single die so that the extrudates merge together in a laminar 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.



"Coextrusion"” as used herein refers to the process of
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distinctly identified, yet remains inseparable from adjacent layers or regions.
In accordance with some embodiments of the invention, a multilayer porous membrane
comprises a first layer comprising a first polymeric material defining a plurality of pores of a

first average pore size, and a second layer comprising a second polymeric material defining a
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Each layer of the multilayer porous membrane is formed from a heated polymer-

porogen solution. Co-extrusion of the heated polymer-porogen solutions provides the

multilayer porous membrane. The final layer and membrane characteristics are controlled by
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part by selection of the polymer used and the parameters established during the extrusion and

membrane forming process.
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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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A%Hilltﬂgllrmﬂb bRd &e%;ﬁa@%daﬁgtdwonﬂmamfeg@ il tA&yer 3hecdAY. Dther
C

4 is provided which is in onmmuni cat i on
cooling mghushkitaven toxthess of @edinary slzlﬁbn(die arkmey be bse) Omthg chill roll 50, the

layer 40a l?%)/(\%)r @giezg g?fgsg?ﬁra%%ﬁ% g éaae ﬁ}ﬁa JI%% 4]2)3 elgec%l gtrégatg %A {398 direct

contact witR fle.dtoliak istifadee tOvaenlle Xdueud e fastbi é‘ool’lﬁ r.ﬂe,dh&&he average pore
respectively, and the die 34, throug ich extrudate

size of the perags MYRBIANSHANSF ieditechgeniact 3ath tha soqie‘tg sugfacq, ihergrthe layer 40a,
l;
is smaller$R4H @ ‘étdﬁ%gggﬁ%eﬁgg R AR t ou{,ﬂaa ’Eg\l%it Il}](g ?c&ﬁ& %ﬂﬁ{ tﬁé c@cchng

l"ayers ree mxin

surface, hetbd:he lay&o4@b. C(Dmhnlggilllbwg seardtion of mheepdlymer amhpomgtmnn distinct
Such co ngling shoyld not be so e |ve as

phases in eali feyer; nHDGDREREER &R frep be aern%wdcfs% %5 BlerERs: ?F%gxamplea
the cooled Hl%ltﬁ‘aﬂfér'sﬁée? cgﬂﬁtaﬁﬂ% ?&yﬁfef A8 BhasByind ﬁoré%g of i Q{&Eestc%n be

oin t ayers or regions
immersed mtaesoiméoxt cbthtr exirbétemelhiid ferebe pwrogcn ‘@gﬁe}:elctwﬁymemm the

romco tefll rs. havin re se
porogen, e Eor L TeioR@rasy mhtgRrRic, 10 0T SRS BHISLS:
1mmersmﬁ‘§%"ﬁfu'lﬁ’1ﬂe %lvéﬂté 61 tnBfture\Bf ﬂnﬁttw Syt thidhf¥&feqate®defehding
exits the die 34 and is cool éd. Fig. 1|IIustrates he

on the soluhiliéypfitheparagen ay porogensaisediin eaghiayet.i ng a chill roll

or t bei n e Q.a.S t. o
Bt 68 marttE G RE BBl BB e ofidpens i
preferred i/ bdstrhiatae m%ﬁfb%ne%nnﬁ)b@geﬁ fddval Siﬂ:hﬁ&sti@lﬂﬁ%n b0 employed to
those of ordinary ski in the art nay be used. On the

minimizeimpnsional change in e meppraneigawell astoanisimize callapse pEthe

t the rate the | ayer 40b, because extrudate
mlcroporéll% S?rlué&?ﬁ direct contact with the cooling surface.

Affensuregdnyremadual, the niltilafashizropooalsi megnbahe cart teatredtidibor heat set
aver age, pore size chgghllt he p ous nmenbr ane | a [

to remove;TEEMayng sEFaciEny Onfi 5t FUPIPBIEMPRaRES PHEY exposing
the memﬂrﬁﬂeetb eﬁ'e_g% ed't &Qﬁllréasr At@?e@afeﬁ@e &5@9& ﬁﬁ@ hfulfla ?é‘r ffcroporous

ane yer not in contac he coof I ng
membransmafmedm behﬂreagﬂlhned a¥be teﬁﬁi&rat@acuhoseg cah qumxdsu@pa theet padymeric

the ogen in distin hases i n each
material i PompRE A SUnAlo R e TRERE Dottt SHH6 SIS T Hishey o
embodlmgﬁtg:%ﬁ‘@@rauﬁeg of83pABRbSut 125° C have been found to be suitable.

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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the cooled nmultilayer sheet containing polynmer rich
phases and porogen rich phases can be immersed in a

w@oi0een30Dr ot her extraction fluid for the porPQENS1005/046773
sel ectively renove the porogen, leaving a multilayer
or multi-region porous nmenbrane. |In sonme enbodi nents,

It isnatsy pmfaﬁred o rastrhinfthemembyame idaring drjing o @minizedimtagidreal
sql ven g&f be required, depending on the

changes aggjoy; 5p 3rPtS§/° eOHEIIPEFWE SRUGHChor ogens used i n each

Tl#%g\ 1’531%&%@@1& Il‘ig. n];ﬁ(;%&}l{wé%?ctrﬁﬁ% fihéd th?eEiééra' t'% 1&9&% Alti-

I'n some ments it I's preferred
region memistnaiAnditimahexttisamdinds camige gaided @a‘raddﬁmnahlbyerSux:teglons In

restrajin d.to mn| ze di mensi anal .
such sysETi, RYcleP b O MO AP EE IO OB8 Frsah FFRRE 1oy Poybpltipl
paths for eénjélaﬁagrﬂle RRINDS1O Weiigries t06:8tn te%fngwmﬁﬁfbnrcﬁé%/@émgle sheet.

hé nultil ayer m Cr opor ous ne rane can be treated or

Fig. 6 lllus‘aatﬁs g tree ing sistomn Raris of éheethinl eggtreder end flaws areTidentifiediby a “c”
followmg?@ ?%n 1]??8&{ %ua}né 1%6 ggc?{ﬁgﬁtp L gs(ug}lglr Spa?%{ﬁf‘fsf) ﬁf’;aﬁ’g%eﬁ%ders of Fig.

1. For exbRIpRE iRt dtt@Sion bAkeltt lehdH @yEls debighatpd 22, fol16WEd by Bigiker @b, or ¢
al so _be strenglée ened. The tenperature chosen can

depending ep avhéch qidi ofareadite. Aumagnified insetiview ieprayidad toshigw the
three extﬂuﬁ%t?se%ﬂmnttﬁg feréﬁi)ltolzlg g?daé)sgfsﬁy %Ilt fbQig0! ymer, in sone

dinment's t o about 125 C have
Thwse of Elillrig tltemrbﬁf esatnutslab lard ey&hrsmmghh Exbriogtia wihreeagdrizegthat the

feedblockganghvsieatact ANt oF BRGNP PR SOLt gl Naniis, iy Ayt a tvo
extruder %IE Fﬁ, ?fg §%§?191e5t@ BREA kR0 $1o6R; fogb‘)@cﬁl?glé’ffro?ﬁ lohé ek’@u&etJ @ndfhirough

y recogni ze suita rengt heni ng
feedblocladesigal dinept thiase dloswso bandiwiched singlp flofetroma steoorr@@itlrudem In this

mamner, i Joter o b g et ol PR oD G made from

two extruﬁgx‘% %8, @hbhdhsch Péy%ﬁcdn%eﬁieﬁve&ﬁbﬁ‘ﬁu@t%e%I}fnlﬁ%lpb%gen
lines to make a two-layer or multirégion nerb

solution, aettiihus oneextader, wathoextrudersis noblimised tepredudtion 0£msit @nfohmr
TG Mol R pp bR R SR I Rrogld To FERBHES Sr ik Jpver

or region 58 tHel tRtBbiRAE.NSudtoprop@ ity ﬁﬁhidb Suiatetopligite@¥ehs pore size,
prior to exiting the single extrusion die as a single

porosity, shgsaical qompatibility, lyephobices lypphile propesiss ef eachiregipn pf lsayer
When selgétu}g;beo'lyfrnél.r ﬁd%%cég“é m%{hqtlglllsoi\ﬁ’sdd y ?nt 1%%g§ i %Sgldtﬁé lﬁl)t in mind

erence nune to 1denti
that diffesénted ﬁrthe gl pmpérﬁ&s off dasli laymlmtmmhmpﬁlaﬁdgxy utilizingr

exanp t he extrusi on bar eac
different a%@gah%ndé@r pzaiymwoqomﬁélal%sﬁ % e yeg e cBpice Oéeﬂ@w&r gt
t
pocsen 1t QA O85BSR SRS s R G P

etc. Eaclt dfthésean iriroakfeetn thedaydrhang nmmbranerpropbrues

Representative suitable polymer compositions include, but are not limited to, ultrahigh
molecular weight polyethylene (UHMW-PE), polypropylene, poly (tetrafluoroethylene-co-
perfluoroalkylvinyl ether) wherein alkyl is propyl, methyl or mixtures thereof, (PFA),
poly(tetrafluoroethylene-co-hexafluoropropylene) (FEP) and mixtures thereof.
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Those of skill in the art of extrusion and extrusion

die fabrication will recognize that the feedbl ock can
wheoodeeidghed to allow for multiple flows fromBCEHUSHOE046773

extruder. Thus, with a two extruder set up, it is

possible to di rect two flows, for exanple, from one
Traditionaldy, UHIMV P ie @gﬂﬁeremm ek od;lms ipglyethyienes; sucthasshigh

dnsy ol U0 BB Y Fabb Vbt DB S50

measurabﬂ‘@ﬂd)\ﬂ gat® uh@r doRyslrtsst Proded@Bs, |S@@U S PIRE Nol 9,954,907 be
e fromtwo extruders. Thus, although each | ayer can

Addl’ﬂomtlb/ s gwwllma@ﬁ@q%@labmyqsmlymﬁé rwifo? Bigieht avsragei Belecw
weight oft lhllﬂgh&? gncf"lﬁgp& ﬁf&%& withid fflg ?L sé 8%52@{&4& a?lﬁﬁﬁlw PE. Such

°one l"ayer .
moleculaawdlghtsroogeﬁpoﬁdmo b)lelrmﬁﬂsilc Vl@cd'sttyl lirk ﬂletrh]ﬁgemf@beﬁﬁti @SmOer See
t he .menbr ane. pr.operties

Schwartzn§§ ?fﬁﬁé&%@%ﬁ {Se}g ﬁ{]aﬁms Mpteripls gnd qucr%@ef; %Faél Npsigand Reinhold
Co., Newp%ﬂ{%l I?@ iy ¢ #9860 ?@%@4@6%13. SHORIRDY ‘QStQt{d%S%emﬁcatlon

yophi | properti ach region or layer
for Ultra-!.rhglqulmlqmdN yllght Poimthpl@n@ghﬂdmg) aid Betrasiors Materiath. a &ader the
it s in,.mnd that i}lé%ferencesm

standard, {ES A hapers PE GV EPE CORE & AUHITeOSIY Qbl AT Baier. i

accordanmt}? tHeabesdd Yort inl the ktﬁﬁdeﬁ‘d fefr@&ﬁ’ﬁ{ed R9 'hﬁgielﬁ ANb188ular-weight
ymer COEEOSI tions for each l'ayer. The choice of

polyemylpmsw&h poVUsyefipalyetedetes nzagting thertraditianet standards or the

ST SRR 5Bl £ BUERIER BRI R, VLR s s

because it Has&igr@ﬁ@nﬂy ehlioed pletiRRidal fopefRPEaapRtatd yBeSpulyahylenes.
ynmer comnpositions include, but are not limted to,

These enlaﬂnp%mﬁ@hanrﬁ@l RipEies islugisbpsiopaesistrnsseininaciassistance and

ll%fmfﬁ
toughnes tetra Iﬁ#oroe% eér({gl-l%bc%ep%?lﬂnﬁrc?rlacl)gr kyl vi nyl et her)
UHiMWeP B 1sathkﬂtleted$s prwdiitel powidet by several supplierse STitdiay fpkexample,

markets %SE@EJ%P%NW sederhe Hadsaerk SUR pabMitsioRgirashenicelmpykets
UHMW-I?J g?whéﬁi&{ds E&?&&ﬁér EEPEEX'WLGLI UHMM PE i s

erenti ated from ot her polyethyl'enes, such as high
PalgmsistoghqudhansHM WikE (:&ﬂﬂsdz)ddad tb themidtms of UHMW-PE and

porogen i sabe s AT male Tk sdgite SaDe = BDPE v wlght”

average niSib&IMr M@ht?les% Efﬂanglzﬁulhéﬁ‘ dlﬁdﬂﬁi@ﬁéﬁﬁ’ spéc‘ialtysreﬁﬁ@ 8hloy¥d for to

accepted that polyethylenes with a weight average
produce spe¢ific affeet masi ajsnt beointrodwded linto theamikthiieg Sach spesialtyaksimtsigelude,

but are nqffnflldd b 45 SRB e TERH AR ilod Prond RS ) PHRHERY

5,531,899, %ﬁt@@p&ﬁte@ﬁ@ﬂ&n l%' RferBfdeqn itSeRtireGN VMY 4 genefnl Pulefhe t)@)e and
| astics Materials and Processes

amount oﬁmgggﬂlop@l, nehoners should ke limigd 180 asnot to gptract 41.gm7ﬁcantly from the

stvanss 3w S B B oo

ARbd;qgﬁtthg/U?}MWVBEds p@fafed oikierr ptﬂymérsj\@tc@mbanhamns theesdf may be
t he standard, |inear rrer s of ethyl ene_havin %
used with sucegss., Lhese geggqqr@argfw @#t and reagdily available from several

commercial sources.

15



accordance with the tests set forth in the standard,
are defined as ul tra-high-nol ecul ar - wei ght
w@oiogee43yt enes (UHMM PE). Use of pol yet hyl enesPeeEs100i046773
the traditional standards or the ASTM standard are
contenpl ated for use herein as UHMMPEs. UHWVM PE i s
Theetsim gbiogeh m;deythhem tcsmgan 4 imaganial ylhmhman be mlxed w1th a

potymer iFE 4E Oy PECRR{en LA PRI GRe | huli P Bork s

porogen anf PoBinddF&ehich maﬁtextﬁaécsarﬁrms@ﬁﬂsnﬂm @¢boRE %o cﬂe'tiM&idﬁEct
is readily avail able commercia UHMM PE i s mar ket ed

phases richgn poyggenchpionn be rmo\seé\ﬁéleaﬂlveéw ﬁfpm the soolg extrlatertg create a

micropor RGeS Pk Al cop A0 s U0 e BOTRESH the

macroscopitdesle! Berdgemjwhhh ltealvlb refidaMindidsoiNed ko whioh bat be seen
t han UHI\ can the m xture_of UHWM PE
only on a gHErOseRMS ﬁe e Qﬂt ﬁgra%gva&espowpnéﬁ amyfirocagbony

lar
o o S48 O Ui et DLk,
utilized irr ﬂas |pmsenmp1/enyleﬂ sharastabefpr palymerss Pdiphbfic, ahﬁjcﬂmtandmyoma‘uc

eintro e ture. Such specialt
hydrocarfog; el o PSR G e TS0 A POBERS | on - ehangs
Sdl@egi:’g’i]ﬁlat 418 Uil 488 WHRESBoiARSEhpaatukdY é;&a?er thad ﬁl@tterhﬁerature used

1,899, incorporated herein by reterence in it
to produce e p@ymer-mogprg@héml can b sed dsgoragess.aHpdmnanbnos whlch are

onal S.Should be |imted
tiquid and Yigntidaf gy ifRle) 1o Embradroiiyed T Boale me
lymer-par6Saidob@lonRir@ prfdrieds BabtApiie tydociBoiN, Bechmrdetakand high
potymer lf%ro'lfz’nﬁL}HI\/k/\,loPE 19,;Alﬁt hough t he UHI\/HV PE is preferred, ot herg .
homologyss graixed hydrogashensrdtthotype nn@méb‘rfommd@tn%e@m {xpetigns, such as
S
kerosene %&&?f%d gggﬁ? ﬁﬂg&%’d}g@n %’@@%ﬁ‘l\;@ J%roa{ﬂm%i\r@gal g Q&P'Iagetba E]éjmlxture
are partlctvl\lﬁﬂmpmﬁh @@:prrbgerﬁ]mlpbyﬁ@nh‘lerlel nto maﬁn a materi al ;
i ch. can m xed with a polymer such as UHW¥ PE, an
Hﬁ@afaééoqsowglﬁh élrwﬂflse%r amdbient fefRRETRIUFES, FUSR A6 RataHn Wik fan also
be used ahorBQHRAFthed BfecPiHe 4RGN rE Rink Aicid Sl ot AR BBlymer o
elevated tempptween, that can be renoved sel ectively fromthe

| ed trudatge t Cr opor ous | yne
ORF B CompRR ol BT s IsE S SOrOLTIy b RARY Fgh MW -PE,

are d1(2-eE}EJIéfE§§'lP Bhthhlaes, Hﬁﬁfeﬂﬁz‘kﬂﬁ fl) a&aabt% d189t’y%%ﬂﬁla‘6§" 'di’cfht}lrlﬁ’éb\éé‘ate

resid undi ssol'ved ‘fracti ons can be seen only
tetralin, nedecanali t-dodesamil canidediphenyinethariet mhrtteres I‘éheeccce”raadltl;c likehe
h
Whgh B o genle LR D ERES obeE S5t BRPewRRer St sen pp formed

for introdbitorialty BRY éktrutlér! UXIZandlﬂgrthé PelyRice s@poditivie 8lel, NHSOWIPERS
ol efin polyners. i phatic, alicyclic and arormtlc
powder, into the liquid and mixing the two. On the other hand, if the porogen is a solid at room

temperature, a powder mix can be formed by dry-mixing finely ground solid porogen with
UHMW-PE powder. Regardless, 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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hydr ocarbons, and m xtures thereof can be enpl oyed as
porogens. Solvents that are liquid and which boil at
W@ 209p@6BIUr es greater than the tenperature usePCT/US2005/046773
produce the pol yner-porogen sol ution can be used as
por ogens. Hydrocarbons which are [iquid and which boil
waves, evidentingmenatnifors thickreseof tht mentbnanet praghect s ulestuateduin Fgd 5.

These vy BB s e RS TELRE S35 SO0 SR iigRh PRk e now
rate or vise8§TR GBHRpolydierorSién RYRILOAPEHICRS fiBlv rafteortideBsifyosEebond

found in petroleumfractions, such as kerosene, fuel
polymer-parpgeari@lution, foriesampls. Faeseswayes pdaonrinifomm tickaessiaser al
. i i . te.qm .ar i | arl v. ..
undess .yl M BERRL O S BRI o s
a variatiofs @ suth padpemiidsi oficalied gy abour £25% Jeedss dfe pambiahe surfie, Co-
. can al so, be ysed as ﬁ)o ogens if they neet the
extrusion dhropgh ¢ sielsrdip ersveesdng lagers aresorogenstvedicrass drgionidifeandglong
° V . Q u . Q
el on B b R AR RO of these
and varioes etheli ¢x2ruston\pasinestark yesphs inghatesiredldy2r endfiha neemybrine
. adi pate, dibutyl phathal ate, dibutyl sebacate, tetralin,
properties,_ gecanol , 1- dodecanol , and di phenyl net hane, i xtures
EhB&digRhtsFthd MR répdiSus MBBrahd'BaRAS RESE: hSredaydrilbt foRhs can
roomtenperature,” a dispersion or slurry can be formed
have a thitkmess that carengofioinaboet 20hwicesnsito dbeutl7) migeinggprefeeably from

pal yne 0 I t.i on . 0. PE _powder, into the
about 30 iR e TR B iy Fhchavered Mkusss B ko  plo
sufficientRéAISi8Re Stfen@tlh gkds@maﬁrq"pg)_@mwm k&t Thethicknpe Wi elie #tiXidual
can be formed by dry-m xing finely ground solid

layers or jsgiasg AN WA h lusi FEbpEMgE'S of fregaicarnosels rembsene heviag two or
mor ay b U51onE Rl 402 0E L ARFOUE AR LAS s

is about ﬁgﬁr@lﬁ o1 $sosT. thd yosd] adenebran thickaessgin sbmewatesttiemdividual regions
adj acent _extruded | ayers i

have o higllape FRb 5 A0eihgl BRTSY ofIvss G5B el T8t ES DKo R preferably 10
percent ofTabd o (BY %tal'mgmﬁﬁﬂf tHiﬁ(nQ%? Direy E}@Jrh%l?,dz% ?Ue i’t‘{?rééﬁ% thick multi-region

evi dencr ng non-uniformthickness rane
microporgusanernbranasan hdvestregibe avithrlafge gpores thakhiesmuwdy escroanthick

. formed for, several rgasons, suc S excessi.ve .

integal of (TSP ATRHIG GOMbR 1RRB U SRRISS RO AL LS FUPPS Biclone
TROpILYREF PRD 18RIy hieABEmAREd k) Brovidevd ¥isddBitP For making
vi'scosity of a second pol yrrer-ﬁé)rogen solution, for

multilayee gampltiregith sderoparous membranes - The parogen-polymeesautigns are

. ndesirabl e. where th resyl t. i n.non-unifor .
miscible FYlfhE cor PHfSinfy 108 sPIGRPLRR e PR K xpislltp by foient
melt streﬁf@i fcﬁﬁa‘r&&éséiﬂ%%l BhveioRE ShtbHEG a1 ovel 6 Fore a EhbRD0Be Yblymers from

5% across the nmenbrane surface. Coextrusion through

the die that ig insgparalle e theh sy kesextiuded, £ eny cembingldonegf thess; (Ihe viscosity of
each poly%ferr/f)%isogteﬁ Solutidh gjst c%n%gﬁiece lapfggst in part, by controlling the weight percent

polymer based on the total weight of polymer composition and porogen composition as well as

temperature of the solution. Generally, the difference in weight % polymer used to make
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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their length so that desired uniformfiltration
characteristics are obtai ned. Mnipul ati on of these
wa@eaewea3dbus ot her extrusion paraneters resul t BCT/OS1008046773
desired layer and final nenbrane properties.
Enbodi ments of the m croporous nenbrane having two or
and abounbweightYer b aiditiay tmmtmﬂmgﬁhwélf&rmb Icnmmihn@ﬁte weeght %

polymer ALl ki Bo oS PPei A B 2 Bl s pigbrane.

Different 560eV 8f klixtuld Sc0BRASGA heiRrédtaSRIyhe $NiR10nd 8an be used to
sufficient menbrane strength, pressure drop, or flux

achieve afooWelgbfe% diffierends ckness of the individual |ayers or

1%1?%96%%62112 Xfi{rl'% ngk)?ne% ?Hﬁle%niﬁmgh ggﬁlt r@? ggﬁogylé can be be chosen to

provide sbl@.ﬂbﬁb’lﬁa’c havdiswfifidieat m!eli)é&é@ﬂ@ and thgt kv aofisdobiey ﬂﬁﬂ”&m&fbe
can have a thickness that i s about 50 percent or |le

processedsFarigxampleatt hiphasndaend thatarixgyes conainigancrg dhan etbﬁat 25%
polymer, bBTIOH PH, 89 ¥igh B, o dhf bIAESEE Atk PR sofiftons

which arepxllﬂicﬁulta‘b Ipyoclaﬁk Fpraveiod] rates bexqaseodf thctlehightwdcomai)r@m the other

t hi ckness, lLe 50 mic K, mul ti 1§20
hand, mitiies GRGRBUE TAATS FOHTE 25RO THEGs *8-L BLY B2 s b el groduce
solutions R&ViAg ﬂéﬁreh?ﬁ@@l&v that FRo&dseim oY tHe@XtﬂuHéc?&%ﬁilbr&% s dlfﬁcult In

I nsep arabl e omareglon Wi t porest at
addition, abmlreSE'somaunmbelomabkut Meolpmeymg L&&%—é’ﬂﬁ yoweight m@ult in

eforrua.te a viscosity for g
microporfiippRhFHe S WER pRER SR RebBiS stlet@lnolaeE Cofiapse of the
micropor®§y PSR PRk VIE aSRlctéhscFTth@p@mi¥hbilityddfthe enit@anes. Accordlngly,

co-extrusion. The solutions can be fornulated fo

between dzoah%%eqnd@bh@\?é"/s by mieghépf thewplymer peragen cpwposition can be
polymer @L@g@ﬁg' e\;e? Fh%y sve%%? Eerc&ftgéefs %ﬁ{sﬁ{ fltﬁgvral}g% cb@faBedised for

e polymer
other polyé&e pasiadyl BHMWaRE gasoudébeddtetndaet byabn@muabmhmat i Afhounts
of these. The viscosity of each pol erer/poroc%%
A ased on the

of polymefgg, ﬂt:UHMWS Edwtwenn abgiit Hi% padiakout A0 gapy Weigh
weight oﬁﬁ?fx{l ue, %, %t?rrp Qci%séoﬁrrcﬁ GRbuRR YR %QMdQHerﬁﬂﬁnes which

yner conposition and porogen
can be reaxhlygnscdssadmmls comehtiami Eqanpmemtu peodote trigropmious membranes
fference | ght %ol yner used t

al I t he
having O‘Hﬁ%{l E‘ﬁ‘FSI b%?’@c%“ﬁ&‘é IOH éWHéF Mol Relyns progn solutions

extruded B?%dl@c%?%ﬁfgraﬁ.{/ 8odi@batoud D1 . ght % in sone
nbodi nment fro about O % o about 8% by wei ght, and

Tpggbmﬂab differerttiob énrillﬁgl mmgkm dﬁaﬂj@c@m (ln)lers&awéq'egmim%ned hetween
o B3SO DAL BTl ot G bl A

rate) ratid @ﬁ’a@lﬁacéniﬂ %i@ t4d BSmamthinddbersdnaldr 1 1ot 110 fpréfeibly between 4:1 to
nmbr ane. fferent solvents or a m xture of sol vents

1:4. Mamﬁalmmgethpsﬂmgmﬁlgs)wyh@racgfmtabder tangewg@ agiiacgnt lgyers facilitates
ILtferen t
it AERORAF bttt HR iRt e i
allows coﬁﬁﬂﬁlﬁ@ of &djacent layers without extensive commingling or undesirable surface
effects. Maintaining these properties within acceptable ranges between adjacent polymer
porogen solutions in the die also facilitates bonding between different regions or layers of the

membrane.
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provi de solutions that have sufficient nelt strength

and that have a viscosity that can be processed. For
wesz@aé®s)7 it has been found that m xtures contBCTIUSIPO0S/046773

nore than about 25% pol ymer, e.g., UHWMPE, by weight

based on the weight of the m xture produce sol utions
Thesiesama properties; weful in eontrodlingsandamaiptaining vniformamebrane

thlcknessbﬁl?ias%% e ﬁgeafaf;ioai flo@' 29 §& so\%cg@oul c%%@oﬁ@g;&%?a%ggt%rsh i %je layers

ures alning

of the ﬁnel Igemb}dWéﬁEthebWemﬂl chbtacteps LT heSiAbribiad 9s Rawoy Foel t
rengths. so | ow that processi tﬁ of the extruded
®

example, e hOIGFt POTQRER A B BSEd) iR s fypenitsuctineor morphology of the
t 0

pors 0 BRI S ASATEL e DAY Bl

as cooling hlst) ipdayra ot pWhew s smplewnhiliired! is obdda palyone Gotheapnakiptef layers will

contact tRRBRE PR PISRES oiisted 16 SUREER G o BoeibRsayers.
This mll%?i@éﬂth@%k@ﬁ%@%@fgs ngghé’fﬁiél iﬁﬁid’éi&t Aﬁf o&@ﬁhﬂ%%@ﬁfﬁg\c&d the layer

por ogen conposition can ol ymer by we
in contacpwith thexgsiodjhg srpré?accemvé@ bsvecmnaélledpore$ thiahian adjaoens lmu bxtruded

under iahp4 BiFwafags iR Bt SomRa s Shtot Atpdain, Dptrse, s
outcome B Né@farec?thﬁougﬂ'ﬂ%}ﬁﬁaﬁ&ﬁd%ﬁ@&h&bﬁ’éberﬁ@% ﬁﬂﬁlaﬂ?%o

20% by wei ght based on the weight of the m xtiUre, are

membrangs afade pader idessioalexusinn gonslitions, besaplediah dléfcmﬁ thaeperatures can
result in Hg{]ﬂéé o n\éﬁq{ fglgallJ I?n%ﬁ%ét?%e perggéﬁ%%su Orﬁnfa.srﬁmg l;'es 2 and 3 below,

demonsuﬁ’&ﬁﬂhap@at Rhowing thecticaatsle diffepemepebdtivesn t\ﬂ'chﬁnal membranes
iscosities of the two or nore ynmer poro

ol
where the iy R dencesis thesealing teppsratire (%,esﬁhepml@g%l@ be wi thin

gk of ol SR b Rort b R e BlprUHLAR: R0 T ERfder
where it rsﬂndatad),duhn tkoated tqmm{raumhbfoﬂnea pelymeaiporigen séluami The exact
of adj ace

5 |
temperatwa%é%reg s it reer il cibend Vo e g oF gomposition of the
polymer, RhéEBledihY whght\etlle folynic?, tﬁe 60ro%@ﬂe tHA dddcdfiRiBn of }t)olymer

properties wthin accéptabl etvveen ad] acen
present. Ieganesl ftempératusesed abnuﬁZﬂOmGTmrmpmimve beakfousd seitable, however

bili eS| terfacial,.f] ow bet ween .ad ers
for other S Riers, FTpebiseh LR pikpighe? e SR ik Bl e
embodin@iffs %&rme\ﬁﬁeséﬁﬂmmwneg c b ARe@ ahd akbnifed bpese Slifl@Cinghe art.
Mai nt ai ni ng, theserp‘gropertl es Wi thin acceptabl e ranges

S@@tlweﬁmmng iaclene ingibe grisudep @n@fgempdsmt@ shegnslthas been fauml that

e sl §95A850 Y S AELO8 U6 kS0 e

polymer and t@)QtIIlbWCthbﬂe gixapchndBhteiprhetdtidn oiitHedopoRes dtfng processing of
thi ckness and stable interfacial flow_are also useful

each extrpdere dike pBPIOPHe pReUREesheards an prowrsuffipjent {o formy Hethe
extrusmn];dé)ﬁ%latdgeyp&ﬂ a&ﬁ&% Jo'ﬂ.ﬁm?x §Fp8lyme? 'I&%&BES{ SfbCReRbrahBean be

rane as
extruded which do not contain defects, such as holes and bubbles and which have good

strength. However, the amount of shear should be below an amount which significantly
degrades the mechanical properties of polymer. The amount of shear desired is referred to

herein as “moderate” shear.
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exanpl e, the choice of porogen can be used to nodify
the type, structure, or norphol ogy of the pores
wo 200aeeb30M neral oil is a porogen known to pr oRPLIYES1008§46773
open pores. OQther factors such as cooling also play a
role. When a single chill roll is used, only one of
Thhemount éfishearltaydich the bdludambeing extheled @s}éubjfgtalwaﬁ &e eontrolled
rat t han t

as f°”°WFef¥§Fﬁﬁ¥?3r ta g 1§ Fheoifiof 57 flietiof et Euen pf fextrusion
system. ﬁ%a&ﬁcﬁlﬂr teescfdvnadleed ARPHhe igap DENRE "thetsl&fe'%?énm wall of the

qgual , t he | ayer 'in contact  with the cooling surface
extruder ﬁmlbuméqdieﬁhmrlretp ploners thammenesssrevdjsasaploydday ¢he extruder, such

s i SO IS PR Bt Gy 85 B8

the demgﬁa;lﬁ theescadviseinddhdihforatiphalnmitibndhap, i@ cofrotalifg 6F Einter-rotating.
roperties. Simlarly, two nmenbranes nmade under
Thus, the %Pé?ﬁ refesgandeivsicd By @appipisselection orgnedifeation of these extruder

pramef 0ot BERESLASRIAAE 530 T oy e cscn

reducing Exaareplldeﬁcemmmdf t:Be pelymwr ndetirs@idr seligiontif ltlfe dmiuﬂén For example,
e no abI e di fferences, between two_ final
the bamﬁ%%% sg'é‘J éte%fiﬂty redycp dpciseidencs timpfor pelymey mixture and

solution.t €NMper ature (see the Tabl e bel ow). Each m xture of
pol ymer conposition and porogen conposition is fed to
Eagh polymedsalutidads extirllde'dsthﬂmegh saparatoexrudetseandttbelextrudates exiting

o e SRR 8 R TR B SHED0 Potb b i e
within an@ thtougR ﬁ%ﬁﬁ'm&tﬁﬁﬁe hf‘&)n%épevltﬁrea@tp&ﬂﬁ&sdot dsQG j6h tﬁerlﬁﬁers having a co-

pol ymer, the nol ecul ar wei ght of the pol yner
extensive élilﬂ leagih. t he concentration of pol ymer present In

AR, ASTRRCEEHAEE B B3P S A S i

combinati&®ethedugh @smiltiahariford Hing GRS wikirein QN& ar%bﬁtﬁbtéd &nd joined
suj tabl e for making enbodi ments of the present

together Widep periae txforme maltidpysnehegit Brevestignbshesiie cenlpd feal i n
temperatﬁljgggﬁfcﬁené g?gé{bgé glghesg lﬂ)ﬁ" gr{élﬁltfflé{érel‘ El%{nliﬁga{nre %ﬁggt or gel sheet.

Such cootihg agsults imepaigmar-yich, (pomgempd»er phiisé and & ﬁistlﬁwjdol“}gnérq{oor
t distribution across the polyner and to

h
porogen-g{:‘lpg i E&‘ﬁ@?l"i‘@n@%‘? i nterpenetration of the
CEOMRPRRAL Dt bt bBIOFES Phi BharBGl ket ! Tyliialy,

appropriate anount ar i s an amou t su ent’’to
temperattires of bélowtaheutdpt GdiaverbegmpranEdyesl, haweramogen mmmratures higher or

over L SR s BR85S
particulallgg k@abf hoHP BhRiRata orbried a W@rlik‘aqgtaﬁhé @HiﬂtrBll

wever, the anount of shear should be bél ow an anpunt
Thipedlingi rafigioff ﬂmxttnusiecamghd@t@s memdransahanisoalffept thp eltinae
t of sh desi red is ref

mutiley kRS RTRA, 18 BT Et ioTge AL EPT L OvIdE Larger
pores in thi hﬁ&oFb@ug‘p BletibraRs Bed Merea¥dd ¢id QHld liguilyRiREedlEty C 38e Réhgth of

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

‘_b

structure and properties of the microporous membrane produced.
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as follows. The shear rate applied to the solution is

a function of the design of the extrusion system 1In
w@aobieuhar, the screw speed and the gap bet weR@I/Uk®05/046773

screw and barrel wall of the extruder contribute to

the shear rate. If nore than one screwis enployed in
Afeesufficientienoling G treats twe phasies)-is eadhvlaper; a ndavporothstructure in

af f ect.ed %%gt he, di ance between

the )P e Bigie S g G 0T A RESEET eAPrbaEd Wey fo Rmiove th

porogen fs®yakiceivd e)ftﬁlcﬂbm OBgttcHon tarfbe achReve@ b iinhRrdhg the multilayer
counter-rotating. Thus, the shear rate can be adjusted

membrangyin 8 bathogfispietle sefrastant bﬁuldmln@iumﬂm@qbleomtbthem@mn or porogen

mixture agf&t\ﬁlﬂgf?a eﬁl:og@rg 1§bl aﬂ‘e ﬁélglﬂer t he 121[{?/@2 5Pel-g ggc}bv trans 1,2

dlchloroethdeltacrrglekm resi dence t| ms of the polynmer m xture and
T?x éh{tlon in the extruder. For exanple, the barrel of

estive pats sizeef the pyes msanbrane is ¢ fbectionef thespalnerdporogen

r i
compos A D1t KL 0 OMMF e FOF PR,
Smaller sized wxetsramdplodacaebdimm mgmpommﬂsﬂmvangterhlgl@ﬁrsvveéglﬁ peent polymer
et her throu edbl ock and
for  givapy D4R, TP R R G5 I SRR bleher e B dotes for
the multilyéioraaelf- @gﬂaﬁ rmléfbpaﬁ)uﬁ ﬁleh{HriheE Re tHeR¥ et AP c‘%.n%@

extensive wdth ngth. The extrudate from each
describedegsthayingra mw&bmmw (AvSIDM i3 56-80 imammporated herein by reference
. . f d ck 'Imdie onbi nati o r thro a . .
in ts endpGFFCY ARG {pof bRARETR >Re PEPaSinenly SHER Swiatemnt bubpigoin
of about 100 mdr %&a@t a0 in BlheF elIPREMUALS ah WP A Qfhivaleilbibbledydit of about
sheet. The resultant sheet is cooled to a tenperature
140 psi og giepicsi ent to cause phase separation in the mul til ayer

Tfpc3 eﬁ ﬂl%n?‘a'i] %J%trk 8@scgﬁéd ﬁé?&ﬁtmcgas eshtg%tgtﬁ }ge%éﬁ el?slog{)éesn elrrrl]ployed

rogen- poor

can have B&ignﬂﬂanpéﬁﬁdfc,t of ﬂ[eﬂgeiphblogiﬁ aﬂ@ gﬁ?eﬁMeE Ef fhetﬁﬂlﬁnﬂfe RikiERAPErous
ow t he phase

Cool is carri d Qut _at or
membfﬂ@@ﬁ%d“&gqi o0t AP Icaitihis bqufe%thayuset%lpfepmﬁrwlmml oil or
dibutyl s&ﬁl:a%v BRAYD rdBift i ﬁ g%pPﬁ %)eesml: e m@%‘ﬁgﬂg gila%f)orous

tenperatures hig e use
membrang porducbd ’ﬁhns us dzasiralnle fiat Ticquirt 4r=d) g mﬂnwbdltpor e size
EJ%SI red. .A é&g sui abI n ppa at us
Frte o dde %‘F a&% bngp W&e RiRg : dESmmblc ssaes iy
ripples 94 ﬁ/hﬁ:h%sﬂt'l?orﬁ‘ )félﬁﬂt‘\%etﬂo%én't by, 5ceﬂ?ng$]gﬁi@ﬂ 2588 vliRhe layers are
fect the ultimte nmultil aye ructure
in contacbdmmngrdcessmgg Sndr membsinewee uodesitably rates tend to

TR o8 A81e e R ppSe HUBIRRB A0 T FURGEA 15 e e
same. tinme the extruded nmenbrane i s maintai ned under cooling
conditions also affects the ultimte

Example 1

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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structure and properties of the m croporous nenbrane
produced. After sufficient cooling to create two
WPhb@see9307 n each | ayer, a m croporous structurBCT/NS100&046773
mul tilayer nmenbrane is created by renoving porogen. A
preferred way to renove the porogen is by selective
Halogenated hydoddachon sekentiohiture (AaculheshdE M evaChrb Corprrer si ng
the nultilayer nenbrane in a bath of suitable
extractant liquid which is mscible with the porogen
MembrarRPrOEAFEN M xture and which does not appreciably
af t ect e pol yner, ., UHMMPE, such as trans 1,2
Aoﬂomlhledamtmycr@neousrmik/%&ldbﬁ MEmbrafef was prepanpd by coressruding two

uevw-BBsofliton et (TERRL 305 et M ORichs ebfisangously from two

separate wﬂﬁ s@&w éxhsiont ened P Pitieetthot éktﬁubl@n rnﬂe§ ihedey 85nifstetl Wi adLextrusion
| er sized pores are produced from conpositions

feed blochavd gt shepli ¢jp such/ibpighe the selation ayeis s cqmbingd ag quenbefore being
porogen m xture and/or which are cool ed at
exmdedﬁg&ﬁ&%he es. Pore sizes for the nmultilayer or
rrultl -regi on m croporous nenbranes of the present
invention can be described as having a nmean | PA bubbl e

Solution 3ggeasi 1( ASTM F316- 80 i ncor porated herein by reference
o f 0
A Ryl BuiShied ESioRtR of AW BN I3 pBR B 1.5 VT TOR and 64.5
wt.% MQL0@s psipaed afjrexat tsmpeaatdrel riltog héxtumWaxjstnmdtmdanetbﬂ@A via a FMI

pump S NRpER el V8Pt SRR wer G iz SHE et (Bebender,

model DG/.'Z? eqRSSedfWith RPARITRoERE-RYRHREWAYD 2 7$1')9rA Vi@ bear pump
ect ‘on t he norphol ogy and propertles of

(Parker Hzllnmﬁmnedancp bbér%c/sm)am@rséat@ 1pixet G@serustarScmx dnmeter x 23 cm.

tength) e (i, Affhetp SR R 3nd e RAE S Brubion tine

UHMWPEPREintwasenSiddmtl WoFated ih g DBEINMOAR®Fenfingt0RAMSIES this extrusion
menbrane produced. This is desirable for |iquid and

line. Thgdempaeiempf he yariqusfzongs af this exirgsion ling yere §et alcletwgen 220-
0 | (0)
2. 18} R 08 et SR SR oHE Lo YR ekl BB B, i
solution suehiyireds fediies 8 2voird - éﬂt@sioafeardblcﬁkehe fiomdayeact during
processi ng. Such nenbranes are undesirable The
followi ng exanple illustrates the present invention
Solution ganll§ not intended to limt the same. Exanple 1
erirals: Utra-high nolecul ar weight polyethyl ene
A klldiMrﬂEturé 240stingM ft Kt %CREEVVEIPE 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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Mneral oil (MO ( Britol 35 USP, Wtco Corp.) Di butyl

sebacate (DBS) (A0167-R, BrandNu Lab) Hal ogenat ed
whyasoesrbon sol vent m xture (AccuFlush 11, MEPeDTs2085/046773

Corp.) Menbrane Preparation: A double-I|ayer

m cr opor ous UHWM PE nenbrane was prepared by

co-extruding two UHMM PE sol ution streans ( 1 and 2)

of di fferen t] | f . .
o PR S R v
two input'fpidﬁl@ 2s ‘ﬁl&ﬁv@-l?@ Relution spyctare. Rtid tvéd Perbe etudthokasthen extruded
at sheet di

ot d such thaf the ,tvvo,so[égéion | ayers airgn
through acilgshpelclia dithan eReing:obt? fE Bxvidiaed dhvdemud wapdbickness as a
. LE: i &§kd
snge S KRR B0 e AN, M BRI 78 076 el
was quenchel @i epatating ahromeoplated ohidl stlluwhoseThimperaiuee was osatrolled by re-
. . stirred and netered vig.a E u Fluid, Meterin
circulatingsR1SNy S0yt 15 34 G0 O oy O teA I trsaog) Of the two

layered filtBWaB GDEi%Eot cHRAG wiltbhe bhifiGdil @ﬁg?ch&ﬁg Fhil _%P%raﬁfm. Quenched gel

counter-rotating screw (L/D = . A Zeni gear punp
film (thickiRas k@5 p)Heasrolleduprbyl e mavenized filmiwader. rev. ) and static

m xer i SCO cm .. di aneter, 23..cm | ength) .were
T NS B MR ZPL i BPRHRA el kil ok i Riarance,
a length bf Efet fiBXtWadSthetntbd Rad cﬂﬂ%@ﬁ%d@&mw&p&? lcb@er Pdtthngular metal
solvated in the DBS/ MO solvent m xture inside this

frames, andt plas¢doin | 4nn excevh amanmh e at hadogsnated ydsgoashen sefMey mixture
f .t hi i online. . .
heuf 9 B €3 5 B BB Bl AR AR R s

extractiorPtifip. TRe driad thierJbith resifdigedsaabipld strosihrteaperaase,fiethrmadt white in

a2 gort co-extrusion feedbl ock the fraont |ayer.
appearancsp| grhe gestraned dfitnp was dhen placed 1 an Ovew 1diose itegpegpture was set at
0 Y %—IM@(chP AeTeT P%?t d 12.7 wt. % MO
125°C. fo\%géw%lr@épar e Eﬂzilt“pd?oom %g%ﬁ%%qeg& |lgg'rri xture was
stirred and netered via a FM punp (Fluid Metering,

: model VI OO, into a tw n-screw conpoundi ng extruder
Membran@éﬂ%’ﬁlqﬁ@? 9%s, nodel MPC/V-30, LTD=13). A Zenith gear

W HplaRI kb 1cPbcopy OBheArS -
Tgﬂﬁg%lﬁgagé E%Iﬁmﬁlst r e%hlg%n th %gﬁlggdeégctﬁgﬁégr mct e secgnd
section arekiurfasé omages are. ShoWRRES. 23 amd daTheresosesection viewt seuealet an
. i n the DBS/ MO sal,vent m xt.ure insi.de this extrusion
integral dofibfg 1Yo arcliFB SRR B tompporiptb s S0 Sl Grelatcf &R bottom
portion cfR%lell YinPEblhtidHEstMRME2, SEhe RltHBeVBEBuL AR mBEdHe. had ik structure
extruder screw speed used was 200 rpm and the gear

shown inigsp2 shamsti walss showpin Figh Bsthe donuleyesris less porous than the bottom
layer.

The resultant membrane was tested under standard conditions, known in the art. The
isopropyl alcohol (IPA) flow rate and mean bubble point of this membrane sample were
measured and given in the Table below. They are also compared to the properties of a
commercial UHMW-PE membrane (TPVP manufactured by Mykrolis Corp. Microgard Plus
CWAVO01, 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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streamwas fed into a 2 port co-extrusion feedbl ock as

the back | ayer. The two sol ution streans from above
wowene/0psdhed t hrough a co-extrusi on feedbl ock RET/HS1008046773

i nput ports as a two-layer solution structure. This

two | ayered structure was then extruded through a flat

sheet die with an opening of 18 cmin width and .05 cm

in gap thickness as a s$ nglﬁ !gayer sol uti on sheet. The
die tenperature was nai at 1750C. This extruded

AS8SHle W3S TUBIWIEImRMbRane§WRtd REpABd By heRlodlxBilsioll indthod as
. roll whose tenperature was controlled by recircul ating
described sridxamnle 1 snpent fardhefdlowing diffes@0G: The front | ayer
(solution stream 1) of the two |ayered filmwas in
direct contact with the chill roll surface during this
Solution @pesmtli on. Quenched gel film (thickness ~75m was
rolled up by a nptorijzed filmw nder. To extract the

Shisty miduigysed epnsisioldd arerd FHMWREpowderi 41.6mdite NReard 41.5
0 N I f the filmwas nounted and

Wt'A)Mdc):'l g%rrpg@ %‘e%lj\;\eggﬁgetdv\‘g&?pﬁ)r??center rect angul ar net al

frames, and placed in an excess anount of a

. I{gal olggnat ed hydrocarbon sol vent m xture (AccuFlush I1I)

Solutiondfeatilg hrs. The sol vent m xture was changed to fresh

SRRk RSedWtins ik dISSIRXTUTRGIW P Sdwiler, 756K 98ihY .

the still r%strg{gne sanpl e at vlr]oorﬁg(% em’e?%?ﬁ?éeﬁ?é?%d 128
wt.% MQ.uGracpunip speed nsedppasatlapoe. The restrained fil mwas

hep.placed in an oyen whose tenperature was, set at
The S ot immesyfi sl 7 qihiiies SRSRrSUis) HERRERBRaALSOC. The
propertich of HiemeASidnlGre MbEPIATILHar act eri zations: The
menbr ane sanpl e was exam ned by scanni ng el ectron
m croscopy. The crosssection and surface inmages are

shown Figs. 2, 3 and 4..The cL0Ss-section view
reveal ed an integral do%zéﬁﬂépl?éyer structure with the

Al @ubRoladérQHRW HEEshenbeie SAls Prépafedsdsif @fhrmhpRIeeeptitREthill

portion created fromsolution stream 2. The nultilayer

roll tempgrtyge gserkion Auenshingdhe erxextryded stinetureivaspt BACFThs properties of
: Hﬁﬁ{g ' 3, the top layer is |less

thsmen%g@gégeétﬁgr?] efgg,te?g%wayer. The resul tant nenbrane

was tested under standarfABbRditions, known in the

art The i sopropvl—a ol —{(1PAfl ow rat

—att—Fhe—-is | —alcoh ) oW e and mean ——
bd¥emnkrapsi nt | dhickngss |nMesndRa Bubbla Roini, & RALlgrRateiy
given in thel Ta bel ow. The re also ¢o ﬂ]{ 2
the propertikps gl‘l?a conmmer Ci arps HMW PE nenb ar/1lgl %’g\)/P
ndixafgpdd Ur ed| by 6dykrgl i s Corp.46v crogard| Pl us @HWV01,

dgta—showthe UMM PE

0—1—mRated))—Thed

EQE%IHB?I* B %ﬁ?te hab hi%her |oubbl e potht and 3.1
xample
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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flow rate than the commerci al nenbrane (Conparative
Exanple 1) of simlar thickness. Exanple 2 A double
wo 200610693V PE menbr anes were prepared by the PCT/US2005/046773
co-extrusion nmethod as described in Exanple 1 except
for the follow ng differences: Solution Stream1
Slurry m xture used consists of 17 wt. % UHMM PE
powder, 41.5 wt. % DBS ang 4@. wt. % MO, Cear punp
speed used was 8 rpm Sol Stream 2 Slurry m xture
asi sts of 15 wt. % UHMVM PE powder, 72.2wt . % DBS
What%zcggl{%agém.%m CGear punp speed used was 40 rpm The
chill roll tenperature used for quenching the
co-extruded structure was at 50C. The properties of
this nenbrane are given in Table 2 Exanple 3 A double
1.1 ay ex MYV &R En RRIPREGE Pol@terRERAba e, e MBmBIABRbApAsing at
except the chill "roll tenperature used for quenching
least two péreuslayers of polythesic mpderinl.ssaigdgyess f@ming ahintegrad porqusdalk
of this nmenbrane are given in the Table bel ow. TABLE *
by air-flow porosinetry nethod (ASTM net hod F316- 80)
whdteithe’dolEmafthatbfialnef cabWlaf is hof QisRbReBom iavelvégt m@r room
but not limted to, patents, patent publications,
tempeggtuies s, books, texts, and other references cited
o] . r
R A BE RPN e bRAEHF BBt Bl group

I'S Clalne

consistingxfﬂpdllﬁtlh}dem?l;‘ﬁhfahi“gh,T&lhﬁ}lmnﬁgmlmmeﬂﬁmww-P&ast

two porous |ayer pol yneri c terjal, said. |layers
polypropylenesPaly <maﬂﬁ9@§§a&n5-apmﬁ twaw%wi %Lew&em aAIKKKS propyL,
methyl orRExUAE thBRbE (PRA):; %ﬁéﬁgﬂﬁcﬁ%&hyl'eﬁe-@@%e)@ﬁﬁfoﬁ%rgp}flémm;

sol vent near room'tenperature;” and wherein the

and mixtuped thereof.c mat eri al of each layer is independently
sel ected fromthe group consisting of polyethyl ene,
ul t rahi gh nol ecul ar wei ght pol yet hyl ene ( UHMW PE) ;

2. A membrane of claim 1, wherein at least one polymeric material is ultrahigh

matrix;

molecular weight polyethylene.

3. A membrane of claim 1, wherein the polymeric material of each of said layers

comprises ultrahigh molecular weight polyethylene.

4. A membrane of claim 1, wherein at least two layers of the membrane have

different average pore size.

5. A membrane of claim 1, wherein the membrane comprises three layers, the middle

layer having a smaller pore size than the layers on either side.
6. A multilayer porous membrane comprising:

a bulk matrix comprising two porous layers of ultrahigh molecular weight polyethylene

integrally joined together; wherein each porous layer has a different average pore size.

25



pol ypr opyl ene; poly

(tetrafl uoroet hyl ene-co- perfl uoroal kyl vi nyl et her)
wob@se6930al kyl is propyl, methyl or m xtures tPer/Esfops/046773

(PFA) ;

pol y(tetrafl uoroet hyl ene-co- hexaf | uoropropyl ene)

(FEP) and m xtures thereof. 2. A nenbrane of claiml1,

;g al | east onegl_la ric terial%is Itrahigr .
illlenges RgRR U BIRRG Pag atdSaskivg PRFoUS Ppymeric
material, @vhel‘M}%a?d RekBEanR 3 JREd by @@Ieﬁfrhcﬁh% af 1880 %até@b@lymer-

| ayers conprises ultrahi gh nol ecular wei ght
porogen sobitipes, wheeein said at kastewbrayess lufve @l dafferent, avierpge gore ste.

| east two |layers of the nmenbrane have different

average pore size. 5. A nmenbrane of claim1l, wherein

8.t he ARNDERPS: FROW théMbrahd bEElainRY %ﬁeremrsald%dﬂfﬁl& dfayRr
having a smaller pore size than the |layers on either

polymer-porggen plutigngif nqticasiehle FomousolyantBpaIneom depPeIsivry: a
bul k matrix conprising two porous |ayers of ultrahigh
nmol ecul ar wei ght pol yethyl ene integrally joined
9.t 0geA heiltilaybreiorous manbranebmnpnélﬂger has a different
average pore. size.7. A nultilayer porous_ nenhrane
a Hesty laﬁgr c&npr@gg a F %pplg@@pg mge rs 1r5tcgc§}m?qlcbmater1al not being

castable ﬁ]altx G'Sbi ent Ia\rf;'g(?(gnt? 't%?ne%egé fir ofyﬁle{n@ rrﬁ@&uﬁﬂeﬁmng a plurality of

0- X eat d pol ymer por ogen
pores ofasﬁ:ﬂsuavemgs,povmsizeiandsal d at | east two | ayers have a

o SR B SOV Al o0 SR PP BbISpHoSpLAgH, HEByRer mateil

not bemg%%tiﬂ‘ﬁ@ FroRP4 9819&ht 2PFddnt RRSetadurB! Ostald:s%%@) (ﬁ EfEhfterial defining
vent near room tenperature. 9. ayer porous

a pluralityrefihoranef aseopnd svenage pord siesst | ayer COﬁ'prI sing a first
ol ynmer.i terial ald first meric .material not
whgr gL et i sebend e 1 YRR el .
said first polyneric material defining a plurality of
(gores of a first average pore size; and a second |ayer

onpAinsimiprane etelaimd pdeseirthe polymesicimaterial af gadrlagerds

independBily@Elef IR P Ao ClngfRh0 Br SASEAD:Se, LieRich ARG weight
polyethyldﬁa‘ MIMW&’B)J polgpiopylend; pobr (ea:raﬂﬁmfbe&gxtmeboapeﬁﬂa@eamsamyl
wherein said first layer and said secon

cther) whetsimill i propgh aneth s mixawesthereol, (RIbk Rk (i 111059 Yene-co-
hexaﬂuoflefﬁf;?g) Ieeﬂe @ﬁf@%%&hﬁ El%[)f al of each layer is

selecte romthe group consisting of
pol yet hyl ene, ul trahi gh nol ecul ar wei ght
11. A membrane of claim 9, wherein said first and said second polymeric materials

are the same or different.

12. A membrane of claim 9, wherein said first average pore size differs from said

second average pore size.

13. A membrane of claim 9, wherein said membrane is formed via co-extrusion of

said first and said second layers.
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pol yet hyl ene (UHMM PE); pol ypropyl ene; poly

(tetrafl uoroet hyl ene-co- perfl uoroal kyl vi nyl et her)
wob@se6930al kyl is propyl, methyl or m xtures tPer/Esfops/046773

(PFA); poly(tetrafiuoroethyl ene-cohexafl uoropropyl ene)

(FEP); and m xtures thereof. 11. A nenbrane of claim

9, wherein said first and said second pol yneric

materials are the sane or, different. 12. A nenbrane of

e | ai Aitpmbgprs o GhAigad: qVIerqia faid mamRiana RmPrisey @0t Peies
oiconsl 90 S5 290U LOLE RO R L8 g OB
wherein adiacenttlayess e dostingaiskbdf by differentiavesigs poecsing. | ayer s. 14.

A menbrane of claim9, wherein said nmenbrane conprises
one or nore additional layers, integrally fornmed via

15:0- eXtoh St Qi ¥ A nSRivehelrdih $ie &id MakBaPHkabRYBEScomprises

wherei n adj acent |ayers are distinguished by different
ultrahigh modecalpe weight pelygthyleng UHMWeRBY. ane of claim 9, wherein
the polyneric material of each |ayer conprises
ul trahi gh nol ecul ar wei ght pol yet hyl ene (UHWV PE). 16.
16A- megbiansra®d oftdldin®, Whendig belehstdhe 1886 furheecdmpiides ion
further conprises ion exchange particles. 17. An
exchangegatticddse conprising: a m croporous pol ymer nenbrane
having two or nore regions with different pore size,
the polyneric material of the nenbrane characterized
17.n tAfatrticle commprising’e cast forma solution at room
ten‘peraturel\. 18. article of claim17, V\h&rég t he )
a PAEPRATQULPQlEn epbene haypg twe spmareregions withaffggentpore size,

the polyn%égig%eﬂ'iaﬁ Lf Elfeaxﬁfmlto%ge glﬂ?aééﬁieﬁliﬁ 1t it Childbé Last W& £ 58lution at

pore size o WO Or nore regions is
room temipermbgeneous, or forma gradient. 20. An article of
claim 18, wherein the porous interface has a pore size
gradient. 21. An article of claim17, wherein the

18.€91 KRS0t AKEPES, 3lefe thd FegitWs WHR BiFfefer® bofel stidrd doparated
wherein one of the regions has a thickness that is

by a porohggterfdsan 20 percent of the total nenbrane thickness.
23. An article of claim17, where the m croporous
pol ymer menbrane has a nean

19.  Anarticle of claim 17, wherein the pore size of the two or more regions is

homogeneous, or form a gradient.
20.  Anarticle of claim 18, wherein the porous interface has a pore size gradient.
21.  Anarticle of claim 17, wherein the regions are inseparable.

22.  Anarticle of claim 17, wherein one of the regions has a thickness that is less

than 20 percent of the total membrane thickness.

23.  Anarticle of claim 17, where the microporous polymer membrane has a mean

IPA bubble point of greater than 100 psi.
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| PA bubbl e point of greater than 100 psi.24. A nethod
conprising: coextruding two or nore polyneric

W@ wp06d3d ons to forma sheet, each of the pol REEUS05/046773
conpositions conprising a polynmer and porogen, wherein
t he pol yner does not form an extrudabl e pol yneric
corrpositi on Wi th the porogen at about room
4( r at ; _phase separating the polymer and porogen

n t é“eé $OHR'SIBr m a pol yneric gel sheet; and

cdeRFRNhP ovd BEMBRY RiRhehd éﬂﬁlﬁ‘d%ﬁﬂ)nﬁ %‘(gfo%’a @Jhe&th @acﬁ%f tﬁﬂ?{ﬂ?merlc

to forma m croporous pol yneric menbrane. .
compositiops bardpusing b aplynR4 afidiperhgen, sdwersin ﬂxemlym@tdoas mtrfgrm )

h h
extrudablf ol sp AR B PG e hetPel gl S dpBpeare
PG YRkt HRYARE: ar@QBRSgehiin el et @f)olyﬁl@ﬁmgel%heet

| east two mXxtures, each m xture conprising a
and poI ymer conposition and a porogen conposition;
I3 | to
rel PR BighEbioRBE Rt ER il o3 Bt B3l Eyfdgporous
polymeriG@lepibrame. f or each of sai d m xtures; co-extrudi ng each
said solution in contact with at |east another of said
solutions through a formng di e under noderate shear
o f I e ¢
240, AR ok LBl o4 (R om P S B RLEE poly e el shect o
the porogemiselmayed. sheet sufficiently to cause phase
separation resulting in a polymer-rich, porogen-poor
phase and a pol ymer-poor, porogen-rich phase in each
24.2Y €A dth G tpmdut:in %Mﬁﬁluﬁ)%ﬁﬁncrsﬁ&aﬁg Piilyferid BlefHRRARYS
structure in the nultilayer sheet” by selectively
compnsngvherﬂgemaifd por ogen conmposition fromsaid | ayers of
frﬁ: ? fqr%e{t tiw:? Ax Ltl.g I el d & m cr S0 f%é%?&mer composition
anda'jSS A08mPdsitidh; et hod of cI aim 26 vvhere| n each of
pol yimer conpositions conprises a polynmer sel ected

f r o nsephiately beating 6relt of saithmiftutes fo an elgyasgeciemperapugp fquproduce a
corre 5)8}1‘%%? 8 Péﬁa E(%rétaclfgf éﬁ?& llilﬁl)lt&l%g (UHMN PE) |

(tet écﬁéittt@i‘iﬁ@éd&k |sﬁd@olt1ﬁoﬂﬁ{ Eontaut dadhlay leastwtlother of said solutions

through a forming die under moderate shear to form a multilayer sheet, wherein adjacent

layers correspond to said 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;

creating a microporous structure in the multilayer sheet by selectively removing
said porogen composition from said layers of said multilayer sheet to yield a microporous
multilayer membrane; and

drying the multilayer membrane.
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et her) wherein alkyl is propyl, nethyl or m xtures
t hereof, (PFA);
w@oiog6wT af | uor oet hyl ene- cohexaf | uor opr opyl eneQT/(FHP5/046773
and m xtures thereof. 28. A nmethod of claim 26,
wherei n each of said porogen conpositions conprises a
2hor ojamcthad efdlaich 26, whetdie egphadpaid pobyinséricompositions comprises a

hydr ocar bons, decane .and_hi.gher. honol es, . m xed .
polymer Si{sfed B hesroHp FrISiing pf PolfF ey, Ubrehlel milegplar weight
it £ : _ |.. .
polye:thylpht i e-rPEgi ?ﬁlﬁnro lEﬁef,fpr} fludtdetiyl bl R fddbalkylvinyl

) 2-'etnyl ehexyl) adi pat e,
ether) wheliebrualigylgh ardpal, aneshyldir mixtpresdhereefs F A polaltetmafluoroethylene-co-

ndecanal,, ~Ls,dodecangl nd di phenyl net hane, and
hexaﬂuorﬂ%?pﬁggg) ({F#g?’e m glirésﬁ{ﬁ?fg?ﬂod of claim 26 wherein
sai d porogen conposition conprises a m xture of

m neral oil and dibutyl sebacate. 30. A nethod of )
2&| ai pmzghodypleqleimn26 ayherein eashed seidmeragsasompasitions eomprises a

_ . . i
porogen o 5 0O ELRITLE B WAL s A et Bt Blogue,
mixed hydﬁ@ﬁ_ﬁkbﬁh:té inﬁ\fll\‘eqlbyoi‘_ly&hig&h%] @Iﬂ-dﬂwglit}d _sBlit»@chﬂe meixtude, pafeffin tghz&?di(fl-

claim 26, wherein ea aid mxture conprjses .abou .
ethylehexybm%%dh 2—%13:6}@%4Y§r?é§pa@@ ewagﬂmhw‘qu??’ diletgleebasptesigfralin, n-
decanol, TTHSdedafol, nclii@tqiﬂlirhﬁ&ﬂa&f afd A 6 thefidgr €1 n pol yner

;
content © es producing adjacent |ayers differs
by about O to about 10% by wei ght. 34. A nethod of

claim 26 rein_polymer content of m Xxtures .
2 6 Aty Sioin 28 FEIL st PrEen Bym AN (pramisgn mixture of

mineral o %mBXiBMEYIGEbacae. A nmethod of claim 26, wherein the
el evat ed tenperatures enployed to produce a sol ution

fromeach m xture, differs by about 0 to about 100 OC

{n sql utjons oduci ng adj acent |ayers.. 36..A nethod
3y CPungingd of Kath &by HsrEimer Rt s oty et o1
enpl oyed to produce a solution fromeach m xture,

differs by about O to about 50 OC in solutions
31or oadrenethodiell deiand6, vdpeain each paidanixiire semprises| fegmmpbait 2% to
0 ' .at | . § OF ow rates of solutions
sbout 257 BEIEACE coDafiRb By Hei B bE R Bler ™ 0% °% o "about 1 20,
38. A nethod of claim 26, wherein the ratio of
extrusion flow rates of ,solutions, produci ng adj acen

32 ay e gnethoqpirieimy 26, whereimeagh saidmixdye campeies _ovétfl_O‘Vfw to about
20% poly%e?:cgllnégsiﬁwﬁﬂ; Felbnt D TERRAARe 1S cool ed by bringing

33. A method of claim 26, wherein polymer content of mixtures producing adjacent

layers differs by about 0 to about 10% by weight.

34. A method of claim 26, wherein polymer content of mixtures producing adjacent

layers differs by about 0 to about 8% by weight.
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contact with a solid surface. 40. A nethod of claim

26, wherein porogen is renoved by extraction. 41. A
woreaohoed3of cl ai m 40, wherein the nmenbrane is reSL/DSI00&M6773

during extraction. 42. A nethod of claim 26, wherein

the menbrane is restrained during drying. 43. A nethod
350f & method6f olaim 86rwhertin thei¢levated lempemnyesersplesed togyoduce a

. | ayers. .44. A gethod of .claim oMb iQA_sai . .
solution fhfcart i, BiFSF G Ayt i it £ o8 4 EJufork Yrigucing agjacent
layers. claim26, wherein said nultilayer menbrane has 4 or

nore |layers. 48. A nethod for producing an integral
dual | ayer m croporous pol yneric nmenbrane, including
the s f . . : : g
36p01 SrFog apelath 2 i L Shed MR SPBREITERS Foduce o
solution fremceachl miktate) differo Bp abait Odo abqn 59 F€r incsvhqimms pratucamgadmcent
por ogen conposition, wherein each said m xture can be
layers. the sane or different; heating said first mxture and
said second m xture, separately and independently, to
an el evated tenperature to produce a first solution
37and Aamsthodod chith 26 whereinghpativiof ekirusiomlewtratgs ohgplutinns
. first solutjon a e.sec solution in contact with
producmg@g@ﬁexgﬁwlrs PHBBW&%:%E*%DH ﬂg ‘di e under noderate shear
to forma dual |ayer sheet, wherein a first |ayer

corresponds to the first solution and a second | ayer
38cor rempthodof chimR6, whersindhe watigtaf gxtrusien flpwgaten ef sphafions

. layer sheet. sufficientl Q cause phase separation
pmducmglﬁgiaﬁﬁtﬁ??@er?ﬁaﬁobto{;?%?bo?{ﬁti%; por ogen- poor phase and a
pol ymer - poor, porogen-rich phase in each |layer of said

dual | ayer sheet; creating a m croporous strycture .in
3% he Almgthodnf ehaimRéewherpinstbe membyaneys peplpd by frigging 1t into

contactwf/ﬂ%?%%{]s cpaposition fromsaid dual |ayer sheet to
iefda dual’ | ayer m croporous nmenbrane; and drying

t he dual |ayer nenbrane. 49. A nethod of claim 48,
wher ei n each of said polyner caonpositiqns conprises
bim aF FREAY

40y t rAnmregiodralickain 20 WheteghROTREAN 18 fHEALY CHHRIIPE) - and
each of said porogen conpositions conprises mneral
oil, dibutyl sebacate, or a mneral oil-dibutyl

41s ebak atethodi oftelaim. 405 @herdimthe hwthbyénecis a¢strait@d dwiing extraction.
each of said polyner conpositions conprises ultrahigh
nol ecul ar wei ght pol yet hyl ene (UHMWM PE); and each of

425 Oy RRERISIT cCRMP%S whkRSthe membrane is restrained during drying.

43. A method of claim 26 wherein said multilayer membrane has two layers.

44, A method of claim 26, wherein said multilayer membrane has three layers.

47. A method of claim 26, wherein said multilayer membrane has 4 or more layers.

48. A method for producing an integral dual layer microporous polymeric

membrane, including the steps of:
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conprises a mneral oil-dibutyl sebacate m xture.

WO 2006/069307 PCT/US2005/046773

forming at a first mixture comprising a polymer composition and a porogen
composition, and a second mixture comprising a polymer composition and a porogen
composition, wherein each said mixture can be the same or different;

heating said first mixture and said second mixture, separately and independently,
to an elevated temperature to produce a first solution and a second solution, respectively;

co-extruding the first solution and the second solution in contact with each other
through a forming die under moderate shear to form a dual layer sheet, wherein a first layer
corresponds to the first solution and a second layer corresponds to the second solution;

cooling the dual layer 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 dual layer sheet;

creating a microporous structure in the dual layer sheet by selectively removing
said porogen composition from said dual layer sheet to yield a dual layer microporous
membrane; and

drying the dual layer membrane.

49. A method of claim 48, 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.
50. A method of claim 48, 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.
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