1 MULTILAYER MICROFILTRATION MEMBRANE BACKGROUND OF THE INVENTION
[0001]Membranes having isotropic (symmetric) and anisotropic (asymmetric) structures, e.g., multiple
layer and composite membranes, are known in the art. However, conventional membranes have not been
suitable for some applications, e.g., they have not reliably provided one or more of the following: desired
throughput, sterility grade filtration, and robustness. [0002]The present invention provides for ameliorating
at least some of the disadvantages of the prior art. These and other advantages of the present invention

will be apparent from the desaviptian ay st ford¢RioHOVWT-FBRIER MAHNEARRNEOF THE INVENTION
[0003]An embodiment of the invention provides a microfiltration membrane comprising (a) an asymmetric

polymeric layer, (b) an isometric polymeric layer, and (c) an interface polymeric layer between the

asymmetric layer and the isometric ByeKdreouRHaoe t|yerRagRg st portion contacting the
asymmetric layer and a second portion contacting the isometric layer; wherein, (i) the asymmetric layer

has a region (RACING S AORIOM G DR IEGRRRYED Uiy malgR RGeS RRyipaan frst

porous structure; (ii) the iIsometric layer has a region contacting the second portion of the interface layer,
the region in@uHiNBUENS IAhaN SOFUPRER AR BIANGErBRHRIRitbEIfo ILO¥RAYEIROBERRG A er than the

second DOfOlgﬁ%‘iﬁb@h'égamé Hg ﬁﬁ@ﬁ%}@fdh@dﬂf@d@ﬁﬁ@ﬁ@ ,Ctﬁiésﬁﬁé_eé ﬁﬁdlﬁehém'@grmﬁd@@t porous
structure, and the secon rtign of the interface Jayer comprises cells having the second porous
Structure, [OCEHA SIRIE BhRIHE: (e S L SRR ALASS SR i Mo RO SRy meric ayer
comprise diffgdedg] polyher presahtlieyarttofapeoldsies ioclached @dimstgaslysnerdiaiththe sesyramages layer
and a second, different, nol ramythe i ' I [ isometric layer
has a thickngfjsfsq 'gf gﬁ gaﬁt?' ei@%%gﬂrﬁi%érigg%ﬁa% Serégﬂke%%%@]mmn\%ﬁg TZ\)N/@?E?%JS ttl%hl c ne%ﬁspin the range
of about 10 té"SHRACIBY AT ASHREEPEBBEBYIN some embodiments, the isotropic layer and the interface

polymeric layer are each in the range of about 15% to about 33% of the total membrane thickness, and
the BRIEF SUMMARY OF THE INVENTION

[0003] An embodiment of the invention provides a micradilion membrane comprising
(a) an asymmetric polymeric layer, (b) an isomgtntymeric layer, and (c) an interface
polymeric layer between the asymmetric layer aedsbmetric layer, the interface layer
having a first portion contacting the asymmetrielaand a second portion contacting the
isometric layer; wherein, (i) the asymmetric laji@s a region contacting the first portion of
the interface layer, the region including cellsihg\a first porous structure; (ii) the isometric
layer has a region contacting the second portigdhefnterface layer, the region including
cells having a second porous structure; the fiosbys structure being larger than the second
porous structure; and the first portion of the riftee layer comprises cells having the first
porous structure, and the second portion of trexfexte layer comprises cells having the
second porous structure.

[0004] In some embodiments, the asymmetric polymeric laperthe isometric

polymeric layer comprise different polymers, and itterface layer includes a first polymer
from the asymmetric layer and a second, diffeneoitymer from the isometric layer.

[0005] In some embodiments, the isometric layer has &rtleigs of at least about 50
micrometers and/or the asymmetric layer has a tigisk in the range of about 10 to about 15
micrometers.

[0006] In some embodiments, the isotropic layer and ttexfimce polymeric layer are

each in the range of about 15% to about 33% ofdta¢ membrane thickness, and the



2 asymmetric layer is in the range of about 60% to about 70% of the total thickness of the membrane.
[0007]Another embodiment of the invention provides a microfiltration membrane comprising (a) a first
asymmetric polymeric layer, the first asymmetric polymeric layer having a first asymmetry ratio, (b) a
second asymmetric polymeric layer, the second asymmetric polymeric layer having a second asymmetry
ratio, wherein the second asymmetry ratio is greater than the first asymmetry ratio; and (c) an interface

polymeric laygsheieeen Be Mk AR IAGEIcA A48T ABG BLaBEIR S ARV IRG ifclawsds tiqraterface layer

having a first portion contacting the first asymmetric layer and a second portion contacting the second
asymmetric 1BRFREMS ein, (i) the first asymmetric layer has a region contacting the first portion of the

interface laygoddig regianotheluginigocitie ieafifgearfishin @ didaier ofifrHhiesasandraggmmetric layer has
aregion contggting tlt?]e gfgqgspgrti%\ ogtme i&terﬁfaclsglla er,ﬁtrg? gg%méﬂ%udomgﬁgﬁ h%¥ing a second
pore diameter, tREHS go & diamerer B1e|ng I%rg}/er%an & secon pore diam er; And e first portion of
the interface havingorfistissgroairiiyaatiy thidissicportagidniopotysedchaysedbrdspostion of the interface

layer comprises ceisnaIBg RS SRSAh RO, HRmEIRE dADRSHRSOMSAMPRRITaRISd s fitsiagymmetric

polymeric layer and the second asymmetric polymeric layér comprise different polymers, and the interface
layer incIudeﬁaé."?ii%t%%@ﬁ‘ié’f‘%metﬂésﬁPﬁy%%éﬁiﬁq%éﬁah@%ﬁéééw rﬂﬁf@r@%‘?b%}w\%‘?rﬁom the
second asymmetiist lay@ntRe09]Hysome eieledisnanisyihaijet aspnneticnalenatcitaygrifas an

o asymmet VAR SPROONS Bt ORI BHEL BRI BRI Tl St it

asymmetric Iayemrmte'dikay@rsyvhmepnic(i)ay@rfa’md%wﬁmemeemﬁmeg?onmwn@gemmedmtabout 8% to
about 15% ofiie i0igf e ARG AcNeRS B0 NARGHAIR ASYRG 'S HISIRYRL Haha-7RYqg about 90%

of the total membrane thickness. [0011]In some embodiments, the'membrane comprises a pleated

membrane. [§62218 AR¥RBEHICIAVRMBAS MISHaRERIATHRSIHRISPREIRRPEIa mRERi RS cthen
:sometriz| Iayeégm?fi@ad_aﬁ%fa@naslagernghrng@&@ﬁa%liammm d_@t ﬁtﬁbnﬁaﬂwf’té&%ﬁa@i@?gﬁqwmmetric
ayer and a secon ortion ontactln the Isometric layer accordi to an emhodiment the Invention
compriaes (3] R SO B Sl AT T R R 5, M A BTV R Ol R Wbiyrmor: (b
preparing a sibeditdtgmiteidraoeneps mnitize Sesecoubpakmebrtariaca soyleenofupribessedisithpoiymer; (c)

casting the fitgt.sQIUEQR {9&1(_9 &}é}{&gprface of a support; (d) after a short time interval, casting the second
solution on the first solution and forming a pre-membrane; (e) exposing the pre-membrane to circulating

air; and, (f) eff88hg pAASeBERIMRRSINYIHFe M fiEd|agynaRHIHRCLEBBNE! M1dtIBA #EPABNSsolvent liquid.
The first and gegantprRIyNoRsERN R thempme areiEapabnyahdlthaneifacemnmbedinaied anethod of

making a mlcfggglgot)ll%ner Forﬂqbtrﬁen ﬁrgta e\{é?/%ﬁwetric layer andexcond, different, polymer from the
second asymmetric layer.
[0009] In some embodiments, the first asymmetric polymiayer has an asymmetry
ratio in the range of about 0.5 to about 1.5 antifersecond asymmetric polymeric layer has
an asymmetry ratio of about 2 or more.
[0010] In some embodiments including first and second asgtric layers, the first
asymmetric layer and the interface polymeric laggether are about 8% to about 15% of the
total membrane thickness, and the second asymntestacis about 75% to about 90% of the
total membrane thickness.
[0011] In some embodiments, the membrane comprises a&gdleambrane.
[0012] A method of making a microfiltration membrane h@van asymmetric layer, an
isometric layer, and an interface layer, the itegflayer having a first portion contacting the
asymmetric layer and a second portion contactiaggbmetric layer according to an
embodiment of the invention comprises (a) prepaairiigst solution comprising a first

polymer and a solvent for the first polymer; (bg¢paring a second solution comprising a



first asymmetric layer having a first asymmetry ratio, a second asymmetric layer having a second
asymmetry ratio wherein the second asymmetry ratio is greater than the first asymmetry ratio, and an
interface layer, the interface layer having a first portion contacting the first asymmetric layer and a second
portion contacting the second asymmetric layer accogding to an embodiment of the invention comprises
(a) preparing a first solution comprising a first polymer and a solvent for the first polymer; (b) preparing a

second SO'Ut@b&ﬁ@ﬂé’?iﬂ@raaﬁﬁ%%‘&\\}éﬁ’ib’fﬁre{h%’%@oﬁa'mcﬁl%é?ﬂ%‘ﬂré‘%ﬁﬂﬁ&n(%ﬁﬁétmgtthe first

solution onto a first surface of a support; (d) after a short time'interval, casting the second solution on the
first solution SHHFEFRIRYSYPPEIMEMBHERE: St (8)C il BAG INNAEE SepArdRMHEPheTieE 86itition and the
second solutigdiutich Bedsevent |k pid-mbmibirshen@seossidepiEmermBambedide caaiag eiiclifieadent.

[0014]In another embodiment, a method of ysing the membrane, e.g., to process fluid, is provided. BRIEF
DESCRIPTION SR LR SR O b B S Tob TR E T SR ilustrative
generalized égﬁm@mTbe;iiféparidgmemmmcamhm&@@mediﬁ@lﬁﬂﬁent of the invention, showing a
bed, first andgéglf\?ﬁnd SlRLdigRetaR B8RRI HRBRG o AIHG YRR BER R A SERRNRYIRIESIroN

microscope ( cross-sectional view of an embodiment of a membrane according to the present
invention, whidiiRBYEMEE AR Ra¥Rg dHsiane IRV IRt AAREATY THDEF G RY e AE R e layer.
[0017]Figure skebpvasymedtjngRleatkraimibeossenel (yMingfiefs-gretienalananedfranother embodiment

f b di h | ion, wherein th b h Al ic | :
csymmric Ao BRIAHISHEL £ a0 TOB 1l 1S RERUIE dIRIR S L SR diew of an

embodiment Wirgéaﬁymmfacday@ir@maamhqd @oitiodaTtang m&mmedawmmtiomWherein the
membrane has ARy REUIE A aATeABYMMEIGIRYGT BndsAR) 6%9%%%’?%9456?9&&1“9”9 5 shows a

scanning electron microscope (SEM) cross-sectional view of another embodiment of a membrane
according to BEPFSieBAiATERIRMRIEIA B9/ ARE AH HEERLALTET i SOHRESRETRICR, SHE Y RANERTE layer,

and an interfagenisisng @QRIigysenmrhiamMa andibenSEN@Rspopaiana ) ievtinhanetier embodiment of
a membrane aﬁordlnﬂéto tr@ ?res nt |n¥ent|on thggghtghe membrane has an .|sortﬂetr|c Iax r, an

asymmetric I§)9 t’l%{ha 0 A VERESUE "f‘g)‘?e?. a support; ort fime interval, casting the seco
solution on the first solution and forming a premimane; and, (e) effecting phase separation

of the first solution and the second solution moasolvent liquid. The first and second
polymers can be the same, or different.

[0014] In another embodiment, a method of using the menehr.g., to process fluid, is
provided.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWG(S)

[0015] Figure 1 shows an illustrative generalized systenpfeparing membranes
according to an embodiment of the invention, shovarbed, first and second slot dies, fans,
and a quench bath.

[0016] Figure 2 shows a scanning electron microscope (SEd¥s-sectional view of an
embodiment of a membrane according to the presgantion, wherein the membrane has an
isometric layer, an asymmetric layer, and an iatflayer.

[0017] Figure 3 shows a scanning electron microscope (SEd&s-sectional view of
another embodiment of a membrane according tordept invention, wherein the
membrane has an isometric layer, an asymmetric,lapel an interface layer.

[0018] Figure 4 shows another SEM cross-sectional vieanatmbodiment of a
membrane according to another embodiment of theepteénvention, wherein the membrane

has an isometric layer, an asymmetric layer, anidtenface layer.



[0021]Figure 7 shows another SEM cross-sectional view of another embodiment of a membrane
according to the present invention, wherein the membrane has first and second asymmetric layers, and
an interface layer. DETAIl FD DESCRIPTION OF THE INVENTION [0022]Advantageously, membranes
according to the invention have (a) an asymmetric layer including a narrow asymmetry range with a
gradual change in asymmetry, a sharp demarcation between the pore structures in the asymmetric layer

and in the isc[mﬁtglc laygg, 08 gRERCHRBSIMNHALEDINRIRYSISH O SR iseicasnaIMel sfayer including

a narrow asymmetry range with a ?radual change in asymmetry and a second asymmetric layer including

a wider asynfBIRFT &Y ARl BT FeMEMRIAES BERREHMSHRIPERE SIMGAURRSWASHINiFEB asymmetric layer
and in the seqangbasyenaetdn lsyeietabdgenthacdhResinitbrivepaninmiayets. |Agea result, robust

membranes @ iting high throughput, and, i ired, providing, sterile grade filtration, can be obtained
10055 aceay e WA SRt RO ER 1o Nl St T e S A S RGN he is provided,
comprising (ahemkiepaacswicipglyeribapapent (hyanmizombghsposmieeaoddyas aarsofoptie iayaface

polymeric laygr ngﬁgqa%ynamg}pimﬁa@@%%@ isometric layer, the interface layer having a first
1 | .

portion contacting the asymmetric layer and a second portion contacting the isometric layer; wherein, (i)

the asymmetHO%yer nE9 W eGP WS RARHR REMiFsPpoRRATIIhYS REIRRAJIA_YRi8n including

cells having aiésiopare diameiag Wixtibersestetnodayen hadsaginnmrantastisgidiepecerdmprtion of the
interface layer, the re%.iop includineg cells having a second pore diameter; the first pore diameter being

larger than th%%%‘é‘&% '(boaﬁée{ﬁaﬁ? (?ln I s ?é/te{)'ortion of the interface layer comprises cells having
the first pore diameter, and the second portion of the interface layer comprises cells having the second

pore diameter. [0024]In some ERBOHHRETE IR N Sofic THaR INNERIEPNas a first concentration

and/or a first viscosity of a polymer, the isometric polymeric layer has a second concentration 5 and/or a
second viscogifRaf a patvaetagewl ahye Meceblaysscoromasss ta thextave rafvied diy shaasy eevetnd

concentratio mi fl BV iti rnatively, or
additionally, ?r?ﬁrﬂ'{eg @%E@ﬁﬁ%@yrﬁg m%? cém%ﬂa%ﬁea%ﬁ%%é%ﬁirasg polyéﬁrggorfc?r]né %Ee asymmetric

layer and a seeBIRICigeresivpeN e PREIF INEIYEH Bria BRI (/26 R4 dhibecisibaisdAYE bf the
membrane, thadsgsBgtigHayenhsiclickeass<rt ableataiaheticngyemetaigidg e/ aathsmasymmetric

layer has a thickness in the range of abgut 10 to about 15 micr meters.&OOZ? In an embodiment, the
asymmetric 18580 aT Y0050 2502 BHhENRIIRHRARY™ second asymmetric layer

including a wider asymmetry range, a sharp demarcéetween the pore structures in the
first asymmetric layer and in the second asymmédyier, and good adhesion between the
layers. As a result, robust membranes exhibitigh throughput, and, if desired, providing
sterile grade filtration, can be obtained.

[0023] In accordance with an embodiment of the presemrition, a microfiltration
membrane is provided, comprising (a) an asymmptigmeric layer, (b) an isometric
polymeric layer, and (c) an interface polymeriogdiapetween the asymmetric layer and the
isometric layer, the interface layer having a fpsttion contacting the asymmetric layer and
a second portion contacting the isometric layereng, (i) the asymmetric layer has a
region contacting the first portion of the inteddayer, the region including cells having a
first pore diameter; (ii) the isometric layer haegion contacting the second portion of the
interface layer, the region including cells havangecond pore diameter; the first pore
diameter being larger than the second pore diamaterthe first portion of the interface
layer comprises cells having the first pore diametad the second portion of the interface
layer comprises cells having the second pore diamet

[0024] In some embodiments, the asymmetric polymer lagsrehfirst concentration

and/or a first viscosity of a polymer, the isomepolymeric layer has a second concentration



thickness and/or the isometric layer is at least about 30% of the membrane thickness. [0028]The
asymmetric layer of the membrane can have an asymmetry of about 2 or more, or about 3 or more. In
some embodiments, the asymmetry is in the range of from about 10 to about 20. [0029]Another
embodiment of the invention provides a microfiltratios membrane comprising (a) a first asymmetric
polymeric layer, the first asymmetric polymeric layer having a first asymmetry ratio, (b) a second

asymmetric ROUMP UGG (16cB8RPOF ARYIMEL RGN R G h HREBR FRREANERRYKTIETTY ratio,

wherein the second asymmetry ratio is greater than the first asymmetry ratio; and (c) an interface
polymeric laydihesreath GRBSHIET LM ARH R AyR*iiiE FLPEERE R CRMASSARLIRS 8F thscPPI¥PeIce layer

having a first[pogspn conteetingdiye dirsdarienangtic sayes anthedsteats postancadmeliagehe second

asymmetric Iar}/ r; WherFin ), the fi?st asymmetric Iaw.er has a reLgCionGFo. ctinlg thF first]porti n of the
) i cines a.first Miner {0) e asymme 1[cl ad,a second. .di Igren Cpo }ﬁmer rom the
interface layer, the tegion incldding cells having a tirst pore diameter; {if) the'sécond asymmetric layer has

a region contisotimgfrindayecond portion of the interface layer, the region including cells having a second

pore diameteradhe first R IARRISHRRIAG BaRI AGNGHRM SSFHRNAAEGE ATCIahi Ak dagfiggt portion of

the interface layer comprises cells having the first pore diameter, and the second portion of the interface
layer comprid83EARCHERThE e BBt AR HisAsYEMBHEdNs oI EIRB Dt RN IRLfirRAdymmetric
polymeric layep anddber 3saprgorsytargetric polymeric layer comprise different polymers, and the interface

layer include irst pglymer from the first asymmetric layer and a secongd, different, polymer from the
second asymCAle oy B OB Sl AR R P LICHR 262 S HETETAger has ar
asymmetry rahicknebg andpe ibeaboued|b kayabsuatlicheindiol ot tecoedhsymertietkogsslymeric layer has
an asymmetniaip of paules ArBRIEEAG3ZIRSAIG HTRCEIN A bR aps.F9Bprises a pleated

membrane. [0033]In another embodiment, a method of using the membrane’is provided. For example, a
method of pret¥§siAuPRMS 6 CBREnd RS am e fIBBaHRS RIS IR MRBNtRR SoRIBREBLHHSEINg the fluid into
the membrangsdntthe @rgsdigrptiom the asymmetric layer toward the isometric layer, or in the direction

from the sec ymmetric layer toyward the first asymmetric layer, in.a more preferred embodiment, the
method compEe pachit e TS AL Hra AR & 0 S AN EF SHEiment, & method
of making a mdnrmﬁilaiagda)méinsbagymhmlr_i(gmfyawiq HHQHEflea}asﬂnrignmamc/tayéc, layer an inte_rface
ayer, the LR YL AR SR6 0 £ Q0B HINA R ABIRK BRY &G Apfecond porton

contacting the isometric r, comprises’(a) preparing a first solution comprising a first polymer and a

solvent for thBSHFSESRMRAY (85 e Mg b GeE Y ARIMEERHBr I WRBr &l £ AEGOFN FRAREE solvent

for the seconghfp®ixrgrsatsn wasting thet Asirmplutionaning BisireHace gdignseprijeteafieembout 2
seconds, casting the second soIPtion on the first solution and forangiPa E{e-ngembrane; é.? fx osing the
SREOHREEfS it

pre-membraﬁ 'r&}éﬁ%{ﬂﬂﬁgﬁ?; anel, ?ﬂdetﬁgc?ﬁlcgoB Y fi @6%{?8‘?{'5 second
solution in a portsoivanttiging. tHEOBSH amatinetrie tabedamEan ral ipettod aieakingthensiecofittration

membrane hagmrﬁetric layer; wherein, (i) the first asymmelaiger has a region contacting the first
portion of the interface layer, the region inclwleells having a first pore diameter; (ii) the
second asymmetric layer has a region contactingehend portion of the interface layer, the
region including cells having a second pore diaméte first pore diameter being larger than
the second pordiameter; and the first portion of the interfacgelacomprises cells having
the first pore diameter, and the second porticin@finterface layer comprises cells having
the second pore diameter.
[0030] In some embodiments, the first asymmetric polymiarer and the second
asymmetric polymeric layer comprise different pogms) and the interface layer includes a
first polymer from the first asymmetric layer andexond, different, polymer from the

second asymmetric layer.



first asymmetric layer having a first asymmetry ratio, a second asymmetric layer having a second
asymmetry ratio wherein the second asymmetry ratio is greater than the first asymmetry ratio, and an
interface layer, the interface layer having a first portion contacting the first asymmetric layer and a second
portion contacting the second asymmetric layer accogding to an embodiment of the invention comprises
(a) preparing a first solution comprising a first polymer and a solvent for the first polymer; (b) preparing a

second solutigRqMpraiagrASETRIVRIRRINE ShaMHsR SQMAREIRE FW%B@'XH‘Q&%%%%”Q the first

solution onto a first surface of a support; éd) after a short time interval, casting the second solution on the
first solution SHPTEOYHMEPAYS OIRBRIARLO 200 ULe) @ ABEIRIBES AR PR HEPOMME i BXBIRSH and the

second solutiamn agyannostep kegiot dicatd u he(finsérand second polymers can be the same, or different.
[0036]The fir 6 second l[%ol)ém rs,can ?e e same, or different. In sgme embodiments of the method,
HLs = har R ED iR d

the first solut s a rSCConEEn Pe%'lrgr? BRa7or & 'firs ‘(/a}ggo%qux?s&s tRe o r%%ﬁ?/?ﬁér, and the second
solution has §0888bnd toacetiteatorbadient seveiiwdistusing dfierpensbismt patatie-g0037]In a

preferred embodimentofibia SINGd casting Sl si-eolubigneRmBtiRRs iting frfitgsolution through
first preset gap provided by a first slot die or a first castlng Knife, and casting the second solution

comprises ca&RgRRSRRGHOSOR I thEB 1BR BB “yap pravitersyaekislavaot die or a
second castingnerdee0SSsracmgier sefetreddebrdiman oéibadrueiinhaalidaageonavaaiutien

comprises a polysulfone. [0039]Each of the compongents of the invention will now be described in more
dotal betowm, UASHTTRE 5 RYEAhs AR el RO e S e (S BPHE S5 RO Tl rising the
polymers argflwpidmgpgbshﬁwmenhnibraims, one on top of _the other, exposed to a gaseous environment for
a predetermiggsbperiog f ime . fUPaRHdIMANS HAHBRR saNE AL AR6-RAkMsL D referably, the

first solution is spread in a layer (bottom layer) onto a support (such as a nonporous support), and the
second solutitfV[8%BReaRy AMRSHIFSRYEP R B9 PR R I8 HPL SHiRER IR dlRSHRERBRAAYEEaN be later

separated framaing SURBOPoRIRT ERAEMTICHhE Q¥RVRTeifi@IamPars éeerAUSRIdHELRRIGH) BN be

[ ted into th | structure if desired. [0041]The r b t ly (e.g., d,
cht, or Spredth Y W OB LA P A IERER RO URBIcE ORGP or

automaticallys@@vegntgoutiee fosoplogmvese (batslremdrwra_@mth_gdhﬁd)n ComemismgEesef@ndutaipheesupport is
polyethylene goated RangrolAHA I 6E SHOHIE PR AULlftSr L3I RIAT SRS AR duFRcRNs: Preferably

greater than
support; (d) after about 2 seconds, casting thergkesolution on the first solution and

forming a pre-membrane; (e) exposing the pre-mengbta circulating air; and, (f) effecting
phase separation of the first solution and therssolution in a nonsolvent liquid.

[0035] In another embodiment, a method of making a miltrafion membrane having a
first asymmetric layer having a first asymmetrigaaa second asymmetric layer having a
second asymmetry ratio wherein the second asymmatoyis greater than the first
asymmetry ratio, and an interface layer, the iateflayer having a first portion contacting
the first asymmetric layer and a second portiortating the second asymmetric layer
according to an embodiment of the invention congsri&) preparing a first solution
comprising a first polymer and a solvent for thstfpolymer; (b) preparing a second solution
comprising a second polymer and a solvent for go@sd polymer; (c) casting the first
solution onto a first surface of a support; (dea# short time interval, casting the second
solution on the first solution and forming a premiane; and, (e) effecting phase separation
of the first solution and the second solution moasolvent liquid. The first and second
polymers can be the same, or different.

[0036] The first and second polymers can be the samefferaht. In some

embodiments of the method, the first solutionddisst concentration and/or a first viscosity



1.5 seconds, between casting the first solution, and casting the second solution on the first solution.
Preferably, the time interval is about 2 seconds or more. For example, the time interval can be in the
range of from about 2 seconds to about 35 seconds, or about 2 seconds to about 10 seconds. [0043]A
variety of devices known in the art can be used for casting. Suitable devices include, for example,
mechanical spreaders, that comprise spreading knives, doctor blades, or spray/pressurized systems. One

example of aFRHRAING, IEWES, 'SrRIISXEBEIRY 4 HoP HaeRBHe! cERRMMHSIISARARIING Shamiper into which

the casting formulation (solution comprising a polymer) can be introduced and forced out under pressure
through a naMSGPSIB Ofi&SRRAAY, RAVMIRS and second solutions comprising polymers can be separately
cast by mearsaz7p dogios pladseitiekinibeigans o1 the mangedicmtiagnutdataiccomelieesto about 8 500
micrometers, mare typically in the rapge from about 180 micrometers to gabout 400 micrometers. The knife
gaps can be S L e ke o R B e LRI o e i
the inventionkeifigl el aiagjiesticaisdnotidesshrienfopihieyisatmapfbe thecknives/diwichisiade s, seatfifférent.

Typically, thep?@’s@?@é&‘ﬁ?o@]&@& 59@&%“9@&%53&%(9@9@ 12 inches, more typically, in the

range of from about 3.5 inches to about 6 inches. [0045]A variety of casting sgéte_eds are suitable as is
known in the [BR3&ypickIF, MEECRERTRY 2 eB R a4 8l Jio RS EFUPHRIRANAR F) T ESeR RN knife air
gaps of at legssiphigtend inches. [0046]lllustratively, using a time interval of about 2 seconds between

casting the fi d second splutions, the air gap,can be in the range,of from about 4 inches 16 inches,
Wit casting S i B OEeor R A D Gl R &I o, using o
time interval béwnnwuﬂéedtkﬂ@bmmdw@@@mmmge&:ond solutions, the air gap can be in the
range of fromapayt 4 b BBREESMMINRRSHESDSRARS MHNGREEE RR4 G ARyt dRLig to about 20

fpm. Of course, the time interval can be longer than about 2 seconds, and the agé;a s and/or casting

speeds can HER&ST giaiicrPRISEHE MGRPSaYS QRMICSTNABEPHasISIRRE oY BiN&he cast solutions
are exposed fgllaiaitey creilesibyihafaom spieashinanhEirgtn erRRSEWBIVINeIfidtisrIbbiighe range of

from about 2 seconds to abOLt 35 seconds. Typically, the air is humidé)e. ., greater than about 6Q%
relative humiaCLIBbIANR) RPN RaUR R AEE F RGN fBDE AL AAC R 3SR etric
layer and an swetris lsyreqdhe aigyeg(yibrenidyaEr) seiftataeldtéor, exdriiEenesingonear beore fans) to
enhance coniag WiBIRCARbPIHU AppBHEIRE ol REFE CEICARITGLSS Y (pefBlf e membrane

comprises a first asymmetric layer and a second asym layer, the air is hot circulated. [0048]The
support with HOREPYE)RshkatFeHatRAEPJEa fMal@eniEiierjBeth to effect phase separation of the

polymer solufigmajin a ¢aBtiERIEEN Y EsRtheaisE R, g poiestmbididavas(handagesdonded

together such that the rFembra e behﬁ\)1es. S a ﬁinazle m ure that does notI elaminate or separate

under normalBSEEHYIAGRGNAVEHSIL I SRR (152 CARSIIBINSEON G AR He is

typically wasléte(eige tastaiotuzechoéaterheo ye Dow e xasigisbitaliers)pgoads aotyetbyledeoctatadore.

[0049]The qtg:%gajng liquid is typically water, the temperature of which is typically greater than that of the
r

casting temperature. In the quenching bath, precipitation or coagulation occurs from the liquid film surface
that first contE4Zdhe bAReEneheesh RRrddigre interval of greater thaacbsd, preferably greater than

1.5 seconds, between casting the first solutiod,casting the second solution on the first
solution. Preferably, the time interval is abowe2onds or more. For example, the time
interval can be in the range of from about 2 sesdndibout 35 seconds, or about 2 seconds
to about 10 seconds.

[0043] A variety of devices known in the art can be usedchsting. Suitable devices
include, for example, mechanical spreaders, thafptize spreading knives, doctor blades, or
spray/pressurized systems. One example of a Spgedevice is an extrusion die or slot
coater, comprising a casting chamber into whichcdsing formulation (solution comprising
a polymer) can be introduced and forced out undesgure through a narrow slot.
lllustratively, the first and second solutions caising polymers can be separately cast by

means of a doctor blade with knife gaps in the edngm about 120 micrometers to about



9 the subsequent layer. Each layer dilutes and changes the quenching fluid as the quenching fluid
diffuses through the layers. [0050]Suitable solutions including polymers can include polymers such as, for
example, polyaromatics; sulfones (e.g., polysulfones, including aromatic polysulfones such as, for
example, polyethersulfone (PES), bisphenol A polys@fone, polyarylsulfone, and polyphenylsulfone),
polyamides, polyimides, polyvinylidene halides (including polyvinylidene fluoride (PVDF)), polyolefins,

such as pO'Y%@PM?dPSn?&@rEPNB}@tl%H%ﬂWH%QQ SFenRR YBD/ HRidFSmBRIS RS pRAtER0

polyacrylonitriles (including]_\ﬁ%lgalky crylonitriles), cellulosic polymers (such as cellulose acetates and

cellulose nitrESPMEESpo PeGRPP ERIKDSS ﬁﬁf&%%ﬁﬁﬁr@ﬁgsﬁ%%é@%m%clude a mixture of
polymers, e.gocad)ydrophahisypol Wingjafs areasaitibrearalgaer et hystianhdiaipgbseaters
polyvinylpyrralidone). [0051]Typically, the solutions comprisi o] rs.have optical densities of about
005 or oreateat o T Srae S RSN B R oG R S8 87 RS ot 0.01
to about 0.3 #ha1@gmolfreorab@mBduthents alheufids? twhesel itivea(foriniig thegonbiomyer) has a

higher opticahgg[hsglystp@ﬂég%l%t@élﬁ%sm‘ggi.on (forming an upper layer). [0052]In addition to one or

more polymers, téﬁical solutions comprise at least one solvent, and may further comPrise at least one

non-solvent. B3fable SOIVRTRYIRERRRING FRXEFSFIES SHHRRIF ARl RIMEE @M AYREANiHBthylacetamide
(DMAC); N-metiiv pypedigang: (Bi¥PIbtriramashybireaiuigkane; Wiethyirugeigate; limesagtsulfoxide;
chloroform; and tettgachh)roethane; and mixtures thereof Suitable nonsolvents include, for example, water;
various polye Qféne'a‘fyc?&s (PEGs; e.g., PEG-400, PEG-1000); various alcohols, e.g., methanol,
ethanol, isopt6p4blalcoois{iRiNg Isnugirzdcoliols, inexed gl pheptabetsisdretveetarsistiadkdedgssuch as

hexane, Propgne. BIEARORARSASRIARRS-ANATET irgBmkkRINRS RIS RACL BRI Auchamacetone,

butyl ether, ethyl acetate, and amyl acetate; and various salts, such as calcium chloride, magnesium
chloride, andaRRitie T6FaE HifdrANLELsE & e ARSUTBHx BIRRSitad PA s AL ABAtRBHHIBIIANCA polymer can

further c_:ompﬂgmglf?rtﬁﬁammw_ R /&% A5AUPI @aésdﬁ@gib@;l%dﬁi@?fﬁé;ri@t@g@@ymﬂ @br%mﬁﬁgptﬂﬁroxédes,
ammonium persu ate, aliphatic azo co oun e.d,,. -azobis(2-ami Inopropane rocnloriae
V0 and Lo R e R S R e p e o e e ans. 10
[0054]Suitablef dompareent$ofoso ot msua 29 KpowrDincthe tettitie sttatived satubie hengempesiaq@dlymers,
and illustrative SQlyegLs MtﬂQ%Pb@%ﬁH}%@%&?&%ﬁéﬁ%@ I, fgFe Piey tHeﬁmf’ﬁfﬁtf?ﬂayé 5,846,422;

5,906,742; 5,928,774, 6,045,899; a n accordance with the inventio ers of the
membrane cyA!BeSIHFRERRBYA-the same polymer and solvent, varying the viscosity, additives, and

treatment, or[different pebraraphCanehstsasiiesifiesantdayedsdteir casting but before quenching.
The air exposure time is typically in the rangdrofn about 2 seconds to about 35 seconds.
Typically, the air is humid (e.g., greater than @®0% relative humidity). Preferably, in
those embodiments wherein the membrane comprisasyammetric layer and an isometric
layer, the air, e.g., humid air, is circulated (xample, using one or more fans) to enhance
contact with the cast solutions. Preferably, msthembodiments wherein the membrane
comprises a first asymmetric layer and a seconchagtric layer, the air is not circulated.
[0048] The support with the cast solutions thereon is insee in a quenching bath to
effect phase separation of the polymer solutiores @ontinuously layered sequence to form
an integral multilayer (i.e., layers bonded togethech that the membrane behaves as a
single structure that does not delaminate or séparader normal use conditions)
microporous polymeric membrane. After formatidre membrane is typically washed (e.qg.,
in deionized water) to remove residual solventigdirand wound onto a core.
[0049] The quenching liquid is typically water, the tengdare of which is typically
greater than that of the casting temperaturehheérmguenching bath, precipitation or

coagulation occurs from the liquid film surfacettfiest contacts the bath and then through



[0056]An isometric layer has a porous structure with a distribution characterized by an average pore
structure that is substantially the same through the layer. For example, with respect to pore diameter, an
isometric layer has a pore diameter distribution characterized by a pore diameter that is substantially the
same through the layer. [0057]An asymmetric layer s a pore structure (typically, a pore diameter)
varying throughout the layer. Typically, the pore diameter decreases in diameter from one portion or

surface to anpiley, RASHAB ARSI AEE (B tay EPIRAES dIMEESHP iR dRMICRSER 1HRRKEMYPStream

portion or surface to the downstream portion or surface). However, other types of asymmetry are
encompassed4y fissFithENE bR RIENtion, e.g., the pore diameter goes through a minimum pore

diameter at a[pesvfion Gihiblbedhitkne sschiding polymeetterayeudEiaasysuoneiscilaysisnepie have any
suitable pore %ifamr%ter ra,die%ﬁr raéaio e.g%. aqgmr% O.5|r9r négremg gut I3 ormore, BERIEOUF 7r or more, or in
the range froRT 460Ut 8'5 0 ab Ut 1. %b u{yi: 0% oulpg I'10 orin H?ey?gngeegf?rom 3oLt 3:1 to about
10:1. This asgrameley palydbersetioneetPESLAriRparing| the gore diivergisuticoeeandjor surface of a layer
with the pore digmetariofiiae SthesiyaRiRleSU Hasmrhdiabiyrrd RO PaliTicAkyARgsotropic layer has a

pore structure (typicaF?/, a pore diameter ) in the range of ffom about 0.02 micrometers to about 0.3
€

micrometers. OBOTiHENRIEKAECS (7\EREN 120 elinBeSaitRPIVRTRABRRIBTARGY WY 8BNS &ining a
self-supportingijyetaereal polstayeregipltansoTates vy vyt ayeumgmbrane has a thickness of at
least about 50 mi ters,.more typically, at least t.75 mi t d preferably, at least about
100 micromeRSISA R SEA) st LM HRECHEC TG A Sl Co B AP MRS Bic ayer and
interface polyrteriespykiy epelpacksiratiitRBhRife Soabmunsliising ablyme3sxaofitictutstal migtntgrane
thickness, angt e, AsyRIRelric, Ry dSHBUIS e Qb ANAIRPEIM BRI A1 AFPRifeIBbHRSNesS of

the membrane. Typically, in thosé embodiments including first and second asymmetric layers, the first
asymmetric 15§56k AR NRkeric layers together are about 8% to about 15% of the total

membrane Ibdhigknesspaaghine seontbasSEaRISIadIURY s aLipdield dermhrid 806t thesotal
membrane thickness. [006% accordance Wit?ﬁnbodimen s of the in entiopﬁfilters ar?(? filter elements

are also prov?é&f?%ﬁ%?éiw Fedr At Hi R Qmsec%% PR RO R TR EATEHRE r'é)égording to the
invention. [0CB10& Meintorahedcr8ralidd Aothe inventipe(estisethadifiteaasteavletibodfpnrsigghat least one

membrane) qgi B0y SALANIR OB SHEUFUR S GBS SES IR SIABAIR A8 PYsgCed bY

porometry (for example, mercury porometry or capillary condensation flow porometry), y bubble point,
or by KL as d@¥€fbed in, for example, U.S. Patent 4,340,479), a pore rating, a pore diameter (e.g., when

characterizeqoesipg thm@diﬁ?ﬁl @%h’eklliﬁ Iﬁ@é@ﬁcﬂ&%@?ﬁ?%’di&ﬁf@mﬁﬁmﬁﬁib&%ﬁ %@?%925,572, or
using a porometer), or removal rating that reduces or allows the passage therethrqu ne or more
aterials of (TYE4E AR ML LB H R igF AN BRTRRR o Tt G NORS Sk Bopends on
the compositeaoipiiee diodthyldertreatett, @id Ea\dsiiec: tfflemaide (EIMA T -eatdayfluid. [0062]The
membrane ¢ N it in e folap / ' in, for example, U.S.
Patent 4925@7&2@@%&\\%&3; ’egtﬁgm%@gﬁ&c%e%gg%géi%’o%vn |ﬁ t?{égé\%%i% agsgggglﬂg%élly disclosed in, for
example, U.Shsgiars sangdAeipshipmeshane; sary migpuresetls $7ie e nsolisplie dioudanirein liquid
passes througRaihg|B)eaRIANAHIR MayRaRgRe dSoRfeses ablrdy/drenblilio deithes -asdoRdavidus

t-treat ), havi CWSTof 72 d / 72 x 10 5 N/ ferably, havi
ST of ATy e P Bt SHATRD SROHHY G B AONL OB TGl bF e er applcation.
wherein liquithelmtansist passdtznmighaikarasmbcares (eegafareenting appiies ey anembrane can be
hydrophoblc,&%(”ég %&%%&gf é?ﬁérghﬁvd?e?stcyggﬁ{:%g&cétaﬁ gthgﬁr@}hyl acetate, and amyl

acetate; and various salts, such as calcium clelomdgnesium chloride, and lithium
chloride; and mixtures thereof.

[0053] If desired, a solution comprising a polymer carfer comprise, for example, one
or more polymerization initiators (e.g., any onavmre of peroxides, ammonium persulfate,
aliphatic azo compounds (e.g., 2,2’-azobis(2-anupinpane) dihydrochloride (V50)), and

combinations thereof), and/or minor ingredientshsas surfactants and/or release agents.



[0063]The surface characteristics of the membrane can be modified (e.g., to affect the CWST, to include
a surface charge, e.g., a positive or negative charge, and/or to alter the polarity or hydrophilicity of the
surface) by wet or dry oxidation, by coating or depositing a polymer on the surface, or by a grafting
reaction. Modifications include, e.g., irradiation, a pojar or charged monomer, coating and/or curing the
surface with a charged polymer, and carrying out chemical modification to attach functional groups on the

surface. GraffigractioneBIaxom SRS EXBASHR IhaleRefY SFSR AU AB9aS plasma, vapor

plasma, corona discharge, heat, a Van der Graff generator, ultraviolet light, electron beam, or to various

other forms FAARERIOR RANE)ES RS LSR8 SaNsOs RAPATEME SRS thoserlingloged in, for
[0064]Membraaermecordimate embedsnernssd tiscriures)tas &;an%eo9sed deaLverety. of applications,

including, for ple, sterile filtration .applications, filtering fl é#']sf r the electronics industry, filtering
i for the R amace i ALy e HEI o e Pl e G LR, oy HeSon,
filtering antibsdyeaprlyongirateiselvaraivayifigiths fiseasigriaibsuhocetfhatieeaindnvaferant[0065]A filter

and/or a fiIterpQHng(gmiégégj a5/ eatRRE Repabrane according to the invention can include

additional elements, layers, or components, that can have different structures and/or functions, e.g., at
least one of JRRRIatioMNSIPPYIGRYRaHES SHRRIAYSTEHE LRIV HHIGPRABCEIE RV & also
include at leaglarageapelit ahalctleaneat RUSbatAtIBSIhaRENougHSETe &y dA0E6] Bxaessedange with
embodiments of the jnvention, the membrane, filter, and/or filter element can.have a variet
configuration S REAOE DA e P A Sy TR A S RO HER 17 SaE B Bliments
comprising amhn&li@iaﬁﬁﬁlm_l’tlamliﬁammmmyplbqlhﬁ(ﬁsp'mwdneda}@msing comprising at least one inlet and
at least one qutleniand defining At least ane,fuid fgw catheIwes eIk And e pptie wherein the

filter is across the fluid flow path, to provide a filter device. Preferably, the filter device IS sterilizable. Any
housing of sUlEBE M4 SBeAANGSroliiSg bt B8 RVR ABERREP TGS BHNBYBHEPMANB L UNRIYed.

[0068]Th|e- follovrine examnles Mﬁh@;ﬁ] wﬁ@@émé.@y@ﬁlﬂﬁ&@@fe%ﬁwﬁél|§|al@d(|j€d§%shﬁ)ﬁﬁ)ﬂﬁfued asin
any way limiting jts scope,.[0069]In the following Examples, mempranes gre produced using a system

artanged as JERLEAT) SHEINR it FGHE 10 11 AR S R HF e O TR 0 ES DR & examples.
Membranes aisyrest oy i eapeonpasseddas tntpkdifecktdfef etk refg. 2thecposediatmetesgbas gaps and

the CO“ditio”ﬁq?&%%%@lmﬁn%F@@]%%&Eﬁgﬁatﬁﬁﬁmi%iﬂﬁﬁevﬁﬁﬁmésg SR %ﬁﬁﬁﬂﬂﬂc %Qg)elﬂ;brgggnes

are quenched in a'water bath (Qquench temperature of the water bath is 105 F (about 41 C)

minutes till mMERSRAVB TIeHHa YRR 2T ha VR &b FAHaB 8 reer@eirs, SFREBBHAK RTIB efoflizBRAKEEE? overnight
and then ovepr g, BRI e Rere, ParIers arerdnal\iree aisied dRUabBlacsamadoataMaster(r) Series

about 2:1 to about 20:1, or in the range of frorowal3:1 to about 10:1. This asymmetry can
be measured by comparing the pore diameter on aj& surface of a layer with the pore
diameter of the other major surface of that layer.

[0058] Typically, an isotropic layer has a pore structftypically, a pore diameter ) in

the range of from about 0.02 micrometers to abd&ihficrometers.

[0059] The thickness of each layer can be varied withinde range while still obtaining
a self-supporting, integral multilayer membranegpically, the multilayer membrane has a
thickness of at least about 50 micrometers, mgedjly, at least about 75 micrometers, and
preferably, at least about 100 micrometers. Tlyican those embodiments including an
isotropic layer, the isotropic layer and interfgpodymeric layers are each in the range of
about 15% to about 33% of the total membrane tl@sknand the asymmetric layer is in the
range of about 60% to about 70% of the total théslsnof the membrane. Typically, in those
embodiments including first and second asymmedyers, the first asymmetric layer and

interface polymeric layers together are about 8%biout 15% of the total membrane



mercury intrusion porosimeter (Boynton Beach, FL), and a Porvair Porometer (Porvair plc, Norfolk, UK).
[0071]The casting conditions for Examples 1-5 are as follows: 13 Example 1 Ex. 2 EX. 3 EX. 4 EX. 5
Knife airgap 1 (inch) 444 4 3

11

thickness, and the second asymmetric layer is at&gtto about 90% of the total membrane
thickness.

[0060] In accordance with embodiments of the inventidters and filter elements are
also provided, wherein the filter and filter elertfeecomprise at least one membrane
according to the invention.

[0061] A membrane according to the invention, (as wefilees element comprising at
least one membrane) can have any suitable porEsteye.g., a pore size (for example, as
evidenced by porometry (for example, mercury porioynar capillary condensation flow
porometry), or by bubble point, or by ks described in, for example, U.S. Patent
4,340,479), a pore rating, a pore diameter (elgenrcharacterized using the modified OSU
F2 test as described in, for example, U.S. Pat®254572, or using a porometer), or removal
rating that reduces or allows the passage thergghrof one or more materials of interest as
the fluid is passed through the element. The ddgiore structure depends on the
composition of the fluid to be treated, and thardeseffluent level of the treated fluid.

[0062] The membrane can have any desired critical westimtace tension (CWST, as
defined in, for example, U.S. Patent 4,925,572)e TWST can be selected as is known in
the art, e.g., as additionally disclosed in, foaraple, U.S. Patents 5,152,905, 5,443,743,
5,472,621, and 6,074,869. For applications whdigind passes through the membrane, the
membrane is preferably hydrophilic (either as madgost-treatment), having a CWST of
72 dynes/cm (72 x TON/cm) or more, more preferably, having a CWST tuduat 78

dynes/cm (about 78 x PON/cm) or more. However, for some other applicatiderein

liquid does not pass through the membrane (e.gveiating applications), the membrane can
be hydrophobic, having a CWST of less than 72 dgne$72 x 1 N/cm).

[0063] The surface characteristics of the membrane candukfied (e.g., to affect the
CWST, to include a surface charge, e.g., a positiveegative charge, and/or to alter the
polarity or hydrophilicity of the surface) by wet dry oxidation, by coating or depositing a
polymer on the surface, or by a grafting reactiduodifications include, e.g., irradiation, a
polar or charged monomer, coating and/or curingstiréace with a charged polymer, and
carrying out chemical modification to attach funaotl groups on the surface. Grafting
reactions may be activated by exposure to an ersngice such as gas plasma, vapor
plasma, corona discharge, heat, a Van der Gra#rgéor, ultraviolet light, electron beam, or
to various other forms of radiation, or by surfatehing or deposition using a plasma

treatment.



Knife air gap 2 (inch) 4 4 4 4 4 Knife gap 1 (mil) 12 12 12 12 12 Knife gap 2 (mil) 10 9 10

12

[0064] Membranes according to embodiments of the inverd@onbe used in a variety of
applications, including, for example, sterile filion applications, filtering fluids for the
electronics industry, filtering fluids for the pinaaceutical industry, filtering fluids for the
food and beverage industry, clarification, filteriantibody- and/or protein-containing fluids,
filtering cell culture fluids, and venting.

[0065] A filter and/or a filter element comprising at lease membrane according to the
invention can include additional elements, layers;omponents, that can have different
structures and/or functions, e.g., at least on@@iltration, support, drainage, spacing and
cushioning. lllustratively, the filter can alsainde at least one additional element such as a
mesh and/or a screen.

[0066] In accordance with embodiments of the inventioa,rtiembrane, filter, and/or
filter element can have a variety of configurationsluding planar, pleated, and hollow
cylindrical.

[0067] The filter, in some embodiments comprising a pltyalf filter elements is
typically disposed in a housing comprising at least inlet and at least one outlet and
defining at least one fluid flow path between thietiand the outlet, wherein the filter is
across the fluid flow path, to provide a filter d@ Preferably, the filter device is
sterilizable. Any housing of suitable shape aralioling at least one inlet and at least one
outlet may be employed.

[0068] The following examples further illustrate the intien but, of course, should not
be construed as in any way limiting its scope.

[0069] In the following Examples, membranes are producadgua system arranged as
generally shown in Figure 1. The casting solutiaressdescribed in the respective examples.
Membranes are cast onto paper using a casting. kKifige 1 and knife 2 are used at preset
air gaps and the conditions as listed below. &mnsfare used to provide air velocity.
Following casting, the membranes are quenchednatar bath (quench temperature of the
water bath is 105° F (about 41° C)) for about 6utes till membrane is coagulated. The
membranes are further washed with deionized watemight and then oven dried.

[0070] The pore diameters are analyzed using a QuantaehRoreMastérSeries
mercury intrusion porosimeter (Boynton Beach, FEd a Porvair Porometer (Porvair plc,
Norfolk, UK).

[0071] The casting conditions for Examples 1-5 are agveit



10 9 Air velocity (ft/min) 50 50 70 100 100 Quench Temp (F) 105 105 105 105 105 Casting Speed (fpm) 9
9

13
Example 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5
Knife air gap | 4 4 4 4 3
1 (inch)
Knife air gap | 4 4 4 4 4
2 (inch)
Knifegap 1l |12 12 12 12 12
(mil)
Knife gap 2 | 10 9 10 10 9
(mil)
Air velocity | 50 50 70 100 100
(ft/min)
Quench 105 105 105 105 105
Temp (°F)
Casting 9 9 9 9 11
Speed (fpm)
EXAMPLE 1

[0072] This example describes making a membrane havingpametric polymeric layer,
an asymmetric polymer layer, and an interface layaerein the asymmetric layer has a
region contacting a first portion of the interfdager, the region including cells having a first
pore diameter; the isometric layer has a regionamimg another portion of the interface
layer, the region including cells having a secoarepliameter; the first pore diameter being
larger than the second patemeter; and the first portion of the interfacgelacomprises
cells having the first pore diameter, and the sdgmrtion of the interface layer comprises
cells having the second pore diameter, accordirmmntembodiment of the present invention.
[0073] Solution 1 (top) consists of 11.5% PES, 5% wat&%@Osulfonated PES (SPES),
3% PVP (polyvinyl pyrrolidone) (k-90), 25% PEG2@®hd 55% NMP. Solution 2 (bottom)
consists of 11% PES, 5% water, 5% PVP (k-90), 286200, and 54% NMP.

[0074] A SEM cross-sectional view of the membrane is shimwFigure 2.

[0075] The isometric layer is 19 micrometers (um) thiakg ghe pore diameter is 0.15
pm. The interface layer is 7 um thick, with thgioa of the interface layer contacting the



9911 EXAMPI F 1 [0072]This example describes making a membrane having an isometric polymeric
layer, an asymmetric polymer layer, and an interface layer, wherein the asymmetric layer has a region
contacting a first portion of the interface layer, the region including cells having a first pore diameter; the
isometric layer has a region contacting another portioa of the interface layer, the region including cells
having a second pore diameter; the first pore diameter being larger than the second pore diameter; and

the first portiqe,aidhie RIRIACKIIRY G_Tl%%ﬂﬁ?é%?é GRisaVIRdhE SR AGHR thngley Ry the second

portion of the interface layer comprises cel havmgnthe second pore diameter, according to an

embodiment SPRRE HELBRERVBAIIAC [6Y751HI08 It IFPediRs s b 535 e Nater, 0.5%
sulfonated PlritetBiRE B)ye3 WM (rnky vty gyt takiyte-B@maEs0dP BG 200, ame a5)mhitRc Solution 2

(bottom) consists of 11% P % water, 5% PVPé‘k-QO 59 PEG200, and 54% NMP. [gOM]A SEM
oss anctoray s, L e WP IR eidn o e Sl b 200tacig e Inlafece BRddl SoH
(um) thick, aréing poperdidiaeteteisod. 1510mantéhin i feseddfdhésadyimmigtick |ayih haeinggagrost the

interface Iayqi%@pmgé%%@mﬁg ,Igtygllemi_ng 0.15 um pore diameter cells, the region of the

interface layer contacting the asymmetric’ layer having 1 um pore diameter cells, and the region of the
interfa_lce Iayer betwegn the two regions h_aving eggﬁpii?%eter _of 0.5 um. The asy_mmetric Iay(_ar is111
um thick, with the region of the asymmetric layer’contacting the interface layer having a pore diameter of
1 um, and the other surface of the asymmetric layer having a pore diameter of 10 um (asymmetry ratio =
10). EXAMPII#926007 6 TTHiCERBIAISI SRS ERSH 7 M iy EME FAB RAIRY INERATE HA RSGATSHIE [3¥Rfmeric layer,

an asymmetric polymer layer, and an interface layberein the asymmetric layer has a

region contacting a first portion of the interfdager, the region including cells having a first

pore diameter; the isometric layer has a regionamtimg another portion of the interface

layer, the region including cells having a secoacepliameter; the first pore diameter being

larger than the second pat@mmeter; and the first portion of the interfacgelacomprises

cells having the first pore diameter, and the sdgmrtion of the interface layer comprises

cells having the second pore diameter, accordirrmtaher embodiment of the present

invention.

[0077] Solution 1 (top) consists of 11.5% PES, 5% waté&%@sulfonated PES (SPES),

3% PVP (k-90), 25% PEG200, and 55% NMP. Solutighd2tom) consists of 11% PES, 5%

water, 5% PVP (k-90), 25% PEG200, and 54% NMP.

[0078] A SEM cross-sectional view of the membrane is shimwFigure 3.

[0079] The isometric layer is 12 pm thick, and the possrditer is 0.15 um. The

interface layer is 39 um thick, with the regiortloé interface layer contacting the isometric

layer having 0.15 um pore diameter cells, the megicthe interface layer contacting the

asymmetric layer having 0.6 um pore diameter calig, the region of the interface layer

between the two regions having a pore diametersofith. The asymmetric layer is 81 um

thick, with the region of the asymmetric layer @mting the interface layer having a pore

diameter of 0.6 um, and the other surface of lyenanetric layer having a pore diameter of

3 um (asymmetry ratio = 5).
EXAMPLE 3

[0080] This example describes making a membrane accotdiagother embodiment of

the invention, the membrane having an isometrigrpetic layer, an asymmetric polymer



an asymmetric polymer layer, and an interface layer, wherein the asymmetric layer has a region
contacting a first portion of the interface layer, the region including cells having a first pore diameter; the
isometric layer has a region contacting another portion of the interface layer, the region including cells
having a second pore diameter; the first pore diametgs being larger than the second pore diameter; and
the first portion of the interface layer comprises cells having the first pore diameter, and the second

portion of theiyigriaqe yRiGPERISRS GRitelavine Higmaqaps R@EeaqiéjgﬁeéoﬂﬁEﬂ jngifgranother

embodiment of the present invention. [0077]Solution 1°(top) consists of % PES, 5% water, 0.5%

sulfonated PES{@PESeIiasaee () D855 PREDE I ERE SNBSS BRIGAHAIBISEHIRG consists of

11% PES, 5% aviaé@tic Bpdr MBS (-2Q) 032U RE(ndih @neligrdisr i mi¢0R.é8]AyBE vhenesgosectional view of
the membrane o shown o figue S.00791The. Rometiedaveris 12 um higk and he pore diameter s
0.15 um. The'lRterace ?ayer LA URTTRI ,pwi Re region of the e face ay ' 26htac g the isometric
layer having eer®narppratiaaieiere @t fithep@gmnadtiiednte defogaintayepizasaelindavinadhpenmetric layer

having 0.6 um, Baie, digmRAGeFelit W%WWtBBtBﬁM@%*@Y%BPW§%§Q§ﬂ§ RYQHgYIRNS having a

pore diameter of 0.5 um. The asymmetric layer is 81 um thick, with the region of the asymmetric layer
contacting th&8SRPEHRYGHBMESRiing a pore diameter of 0.6 um, and the other surface of the asymmetric

layer having gope1p diasaigbeiItap) (aswiBeeiy 18 PES, EMHAMBId0Suldnperrasd spEggface layer,
wherein the tric laye iQn_co ing A first partion of the interface | e region
including celé%;%%% Egé@/t g?@%%@%%ﬁ%%ﬁﬁ% I%ngﬁ@]s&éo@ fé%négﬁé%ﬁ?riﬁkgt%’eé%gortion of
the interface Vegter, tité RAGotkide)uadhihy PEISA0Ryiagiebdéecdidmore diameter; the first pore diameter being
larger than t%@&«?ond ,@%rl%\ﬁj%&@%@&B‘MpﬁéWBHﬂ@i%m%%&?émﬂﬂ@MF‘é gomprises cells having

the first pore diameter, and the second portion of the interface layer comprises cells having the second

pore diametel0(B8l31]SOIGtSAMEHEPPYBhSistd Bt THCkos e D GURIBF,1© oo dIf R BERSYSPES),

3% PVP (k-9R)yet380 PhmaBibikanstibiie Miloh Soduiaieae(Rgiseanrirasset shef iddielic fayeto water, 5%
_PVF_’ (k-90), 25% PEH%OO and 54% NMP. OO%Z%A SEMﬁ$r ssf-sec_}ional vi_ew of thr% memt_)rane.is shown
in Figure 4. (05514 ReiUGhRAFR RTBFIE"FEllR tNEKeINE BIBERC G RSP G N Y TSI e 1ayer

is_ 12 um thiclay/eithalq'@gebiun pt_)tlaeiiamtacedb&eambt_htanﬁggtmeriwrfae_eiblj@yélehmmgﬂ@eawm pore
diameter Ce"zeéallrajaé%l%é?fatBSrE‘Iﬁaﬁ‘é‘?elﬁé(%.Eg'Hﬁﬁ“ﬁ‘ﬂ RYTRMGUCIBY SR AN ditajeore

diameter cell the region of the interface layer between the two regions having a pore diameter of

0.15 um. The'agipmatdhecasyapstioeyas aspiacHAS e ARV SF HryvingaiALIHaRRiecOhtheihg the

interface layefupiyia @thd0serficensiaicoady iimeditd dyerathainersfaceretdheamymm eiggnayeipaving a
pore diameter of 10 um (asymmetry ratio = 10). EXAMPI F 4 [0084]This example describes making a

membrane aE%ttB?d_Trggoko another embodiment of

EXAMPLE 4

[0084] This example describes making a membrane accotdiagother embodiment of
the invention.

[0085] Solution 1 (top) 10.8% PES, 5% water, 3% glycerB&6 PEG200, 0.05% V-50
(2,2’-azobis(2-amidinopropane) dihydrochloride &xtiator from Wako Chemical,
Richmond, VA), 0.1% HEMA (hydroxylethylmethacrylt®.3% PEGDMA (polyethylene
glycol dimethacrylate), 0.2% PTA (pentaerythriiraacrylate from Aldrich Chemical Co.,
Milwaukee, WI), and balance of NMP to 100%. SauatR (bottom) consists of 11% PES,
5% water, 5% PVP (k-90), 25% PEG200, and 54% NMP.

[0086] A SEM cross-sectional view of the membrane is showFigure 5.

[0087] The isometric layer is 10 um thick, and the possrditer is 0.3 um. The interface
layer is 43 um thick, with the region of the intaxé layer contacting the first isometric layer

having 0.3 um pore diameter cells, the region efititerface layer contacting the asymmetric



the invention. [0085]Solution 1 (top) 10.8% PES, 5% water, 3% glycerine, 25% PEG200, 0.05% V-50
(2,2'-azobis(2-amidinopropane) dihydrochloride azo initiator from Wako Chemical, Richmond, VA), 0.1%
HEMA (hydroxylethylmethacrylate), 0.3% PEGDMA (polyethylene glycol dimethacrylate), 0.2% PTA
(pentaerythritol tetraacrylate from Aldrich Chemical @e., Milwaukee, WI), and balance of NMP to 100%.
Solution 2 (bottom) consists of 11% PES, 5% water, 5% PVP (k-90), 25% PEG200, and 54% NMP.

[0086]A SEMLrosaarftd oA WAYeR] His BRIPBERSS| egHESRCHRGE Hirigematgqiaver is 10

um thick, and the pore diameter is 0.3 um. The interface Tayer is 43 um thick, with the region of the

interface laydEEMBEMNE R RREE HEMEIREIA)er WAVinG'D SRHMCIBYS dRfvater Lufk; ME¥ion of the

interface layaegonacting degnaspmiaRlysr déntayendiendrias Jayepateidipmpies aellsetndihe segion of the
interface layer be%lgga %%%te\/\r/% Jﬁglonsf*gﬁg'g %n are dfamﬁﬁr of 0.5 me. Theo?iymmetrlc layer is 65 um

thick, with thé‘lpé’glon of the asymmgﬁig layer ag{lncg P hEPALE a;%nr t%{vmg 5r|gore diameter of 0.5

um, and the dasgmsoetaceatiothélasymmetric layer having a pore diameter of 2 um (asymmetry ratio = 4).
EXAMPLE 5 [0088]This example describes making a membrane according to another embodiment of the
invention. [0089]Solution 1 (top) 10.8% PES, 5%yuaen. 8% glycerine, 25% PEG200, 0.05% V-50 (azo
initiator from Wako Chemical), 0.1% HEMA, 0.3% PEGDMA, 0.2% PTA (pentaerythritol tetraacrylate from

Aldrich Chemigaldompaydxg E%%@Eﬁb@s%ﬁrﬁg 100 QIR SERAERAY: CoRSRIF L 40 PES, 5%

water, 5% PVP (k-90), 25% PEG200, and 54% NMP. [0090]A SEM cross-sectional view of the membrane
is shown in Fig@FBVENBIB 1] The isometric layer is 35 um thick, and the pore diameter is 0.1 um. The

interface layqois§js unsgngienitidpereginrefshsnipsiacesirygycantastimadedirstisometsie layer
Raving 0.5 U G0/ LRGP UM gt 1 AU b oo wo regions having a
pore diametefpeht2eyimnitol tedr amgnylaiethicrtarichoG hami itack pant)) . thed bglancef chélsis/rametric layer
contacting the JaiRITacs AuFLNAYIEH BOFE ERIaPYL.0 il 286 BY/PAE56H 3856 SE &5 BSy mmetric
layer having a pore diameter of 2 um (asymmetry ratio = 4).

and 54% NMP.

[0090] A SEM cross-sectional view of the membrane is shimwFigure 6.

[0091] The isometric layer is 35 um thick, and the possrditer is 0.1 um. The interface

layer is 35 um thick, with the region of the intexé layer contacting the first isometric layer

having 0.1 um pore diameter cells, the region efititerface layer contacting the asymmetric

layer having 0.5 um pore diameter cells, and th@reof the interface layer between the two

regions having a pore diameter of 0.25 um. Thenasstric layer is 65 pum thick, with the

region of the asymmetric layer contacting the iiate layer having a pore diameter of 0.5

pm, and the other surface of the asymmetric lageinlyg a pore diameter of 2 um

(asymmetry ratio = 4).
EXAMPLE 6

[0092] This example describes preparing a membrane hévetgnd second asymmetric
layers, and an interface layer, wherein the fisgnametric layer has a region contacting a
first portion of the interface layer, the regiocluding cells having a first pore diameter; the
second asymmetric layer has a region contactinthanportion of the interface layer, the
region including cells having a second pore diaméte first pore diameter being larger than
the second pordiameter; and the first portion of the interfacgelacomprises cells having

the first pore diameter, and the second porticin@finterface layer comprises cells having

the second pore diameter, according to an embodiaie¢he invention.



EXAMPI F 6 [0092]This example describes preparing a membrane having first and second asymmetric
layers, and an interface layer, wherein the first asymmetric layer has a region contacting a first portion of
the interface layer, the region including cells having a first pore diameter; the second asymmetric layer
has a region contacting another portion of the interface layer, the region including cells having a second
pore diameter; the first pore diameter being larger than the second pore diameter; and the first portion of

the interface |gyef) CompisegGets ARG e disiRPis HRReInaNHHES seabRAHPBQIHe interface

layer comprises cells having the second pore diameter, according to an embodiment of the invention. 17

[0093]The sy&tdratiaaa 757 PRIUSER] -thishRe b A HIRSHs from that shown in Figure 1 in that fans are
not used, i.e.[dbs4pir isThet foeuliate oM ke dedawing solutions are used: [0095]Solution 1 (top)

10.7% Polys , 16 1% t-amy| alco 3.2% DME. Solution 2, (hotto psi f11% PES, 5%
water, 5% P\ﬂi&?ﬁ%), %J%'%LHG@J@ Qﬁﬁ%%ﬂﬁéé%@&ﬁ‘ﬁg %@%‘QQ ¢8h itig'r?s/?éé |f&';tmple 6 are as
follows: KnifeSaltigeip 2 (inthin) eanisisisiofap?2 BReh pAoryddegPL(kSiD) 125% PEG200, and 54%

NMP.

[0096] The casting conditions for Example 6 are as foltows

Knife Air gap 1 (inch)

Knife Air gap 2 (inch) 4
Knife gap 1 (mil) 13
Knife gap 2 (mil) 12
Air Velocity (ft/min) none
Quench Temp (°F) 80
Casting Speed (fpm) 5

[0097] A SEM cross-sectional view of the membrane is showfigure 7.

[0098] The first asymmetric layer is 7 um thick, and tloetijon of the first asymmetric
layer contacting the interface layer has cells witiore diameter of 0.02 um and the pore
diameter at the other surface is 0.5 um (asymnnatiy = 25).

[0099] The interface layer is 10 um thick, with the regadrthe interface layer contacting
the first asymmetric layer having 0.02 um pore dgitancells, the region of the interface
layer contacting the second asymmetric layer ha®ifg§ pm pore diameter cells, and the
region of the interface layer between the two nagibaving a pore diameter of 0.1um. The
second asymmetric layer is 85 um thick, with thrggae of the asymmetric layer contacting
the interface layer having a pore diameter of 0.lamd the other surface of the asymmetric

layer having a pore diameter of 0.5 pm (asymmeitip = 5).
EXAMPLE 7

[00100] The Example shows the good water flow and througppavided by a membrane

according to an embodiment of the invention.



Knife gap 2 (mil) 12 Air Velocity (ft/min) none Quench Temp (F) 80 Casting Speed (fpm) 5 [0097]A SEM
cross-sectional view of the membrane is shown in Figure 7. [0098]The first asymmetric layer is 7 um
thick, and the portion of the first asymmetric layer contacting the interface layer has cells with a pore
diameter of 0.02 um and the pore diameter at the other surface is 0.5 um (asymmetry ratio = 25).
[0099]The interface layer is 10 um thick, with the region of the interface layer contacting the first

asymmetric Iay@pVing Ao an @ X HrIREteASakscHiR irIRRah IR RHRHERE YRRPBIRHNG the

second asymmetric layer having 0.05 um pore diameter cells, and the region of the interface layer

between the RYB/IRRIFISSASHIRG AN BTEHRFHS PN 20RT. FHEEL HhE IS8PRHIEMEMR/ER 8% um thick,
with the regicUH UreRR3Y0NBOBLEH ErysifopBtARINBriteR INgViage Winaidiavil® 2 pote ghiameier of 0.1um,

and the other syrface, o e AMRES U Y S ARE G SIS § 0 B RUBIE et = )
skin surface of 0.2 um, and a pore diameter abtiner surface of 20 um (asymmetry ratio =
10), both available from Pall Corporation (Easti${iNY).
[00102] A 1% treacle solution is prepared (5 grams tre@glée’s black Treacle, Notts,
UK); dissolved in 495 grams deionized water (DI)h)e membranes are placed in test cells,
the test system is purged, and the throughputtesméned at 3 psi for 10 minutes.
[00103] Additionally, the DI water flow in ml/min at 10 p&r a 90 mm disc is
determined, as is the Kubble point in psi, and the MFP (mean flow p@ieg in pm.
[00104] The results are as follows:
[00105] The inventive membrane has a 1% treacle througdipBipsi for 10 minutes of
220; a DI water flow of 2800 ml/min at 10 psi; a Bubble point of 50 psi, and an MFP size
of 0.27 pum.
[00106] The isometric membrane has a 1% treacle througkt@ipsi for 10 minutes of
10; a DI water flow of 1200 ml/min at 10 psi; @ Bubble point of 55 psi, and an MFP size of
0.25 pm.
[00107] The asymmetric membrane has a 1% treacle througt@upsi for 10 minutes of
45; a DI water flow of 1600 ml/min at 10 psi; @ Bubble point of 55 psi, and an MFP size of
0.24 pm.

[00108] All references, including publications, patent aggtions, and patents, cited
herein are hereby incorporated by reference tadinge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[00109] The use of the terms “a” and “an” and “the” andiknreferents in the context of
describing the invention (especially in the contaixthe following claims) are to be
construed to cover both the singular and the plurdess otherwise indicated herein or
clearly contradicted by context. The terms “comipig,” “having,” “including,” and
“containing” are to be construed as open-endedsére., meaning “including, but not
limited to,”) unless otherwise noted. Recitatidmanges of values herein are merely

intended to serve as a shorthand method of refeimitividually to each separate value



[00101] A membrane is produced as described in Example 3. Additionally, commercially available
isometric and asymmetric membranes are obtained. The isometric membrane is a SUPORO 200
polyether sulfone membrane, having a pore diameter of 0.2 um, and the asymmetric membrane is a
BTS-55 polysulfone membrane, having a pore diameaer at the skin surface of 0.2 um, and a pore
diameter at the other surface of 20 um (asymmetry ratio = 10), both available from Pall Corporation (East

Hils, NY). [0Q424 Aibh HRARIRS0IUHRR SRFERALREH 5 EARERS: T oRrIS SoHe Sphlagk Jigade, Notts, UK);

dissolved in 495 grams deionized water (DI)). The membranes are placed in test cells, the test system is
purged, and {REAMYGHRHINKIR fRRTHERIAN 4 W%'MWB’SH@'&%@?WHHH@MW?‘% DI water flow in
ml/min at 10 pesésibacPRciem digtlie getesminedh aaysthedie-dukide aasrtiresidratcthadviiPdmean flow

pore) size in um. [00104]The results are as follows: [2Q105] The inyentive membrane has a 1% treacle
Fhrougnput AP NS R L5 Pl SV iR Y P R A APBNR TR b St BtBle port o
50 psi, and gIaMEP?gﬁ'z(e-Qf, Os2zhuas. ) 00006ed he@o@sid&hmn@samdahasrdlll%_in@adleethrpughput at 3
psi for 10 m'ﬁ%ﬁtﬂfrﬂgﬁl&‘&%‘é’ﬂ@rﬂ&‘é{ QhitrRASRIBR M ek ARL iR RBRRIGI U RE ArgRSi and an MFP

size of 0.25 um. [00107] The asymmetric membrane has a 1% treacle throughput at 3 psi for 10 minutes
of 45; a DI wAtaFRAv HIC1BOBUAYRIM BE FPPSTicRieHSBRRIAAIRY 86 S 5 HEIdEAHNANIOSEEAERe 24 um.
[00108] All redesereeasieskuding pyblicptaniRadstan mpphgations, and patents, cited herein are hereby
incorporated rence to the same extent as if each reference were individually and specifically
incicated to HOh ool SR SRHAC RIS COPIIEn f R T A BRI 01 Tl wae of the
terms "a" andrieae hmmi/\??uhe"tbﬂ_dﬁsﬂnttaslf@imaméﬁg dnletb&illﬁﬂnof\dﬂfsﬁm_ﬂg)ftﬁmﬁwamiene(éspecialIy in
the context of g lAHAT AT MBI IbpacANTIBlIScaiarRhalBaABUl AR Himelural. unless

otherwise indicated herein or Clearly contradicted by context. The terms "comprising,” "having,"
"including,” altieSPAHRFGIPHAR tolhE BBISEiRIE $ARESHEHHEH TR PIFIF Y SHEBWINGMHS@ding, but not
Iimirt]ed tt]o,")dug@zg%n@?(v?iﬁg_m@tg{i,eﬁé?@gﬁm@n@fdam@q%@p@' b@;@,’@@g@%ﬁg{@,éﬁgﬁéﬁﬂ#@%ed to slerve as
a shorthand metho referring individually to each separate valu ing within the range, unless
cinenise indTORE ALY TR ARG AL A Y CTREB b o e Lo Al 1t were
individually recjtedhtentsiof hié matfent sndéscribeath t énd s mpeepeddineeetornamesuitaoldyrder unless
otherwise '“dﬁ%ﬁﬁ%ﬂﬁrf%w.om%%%ﬁ @%@&Hﬂﬁ@ﬁb‘f%@-&@?&jé&dTQQMEﬁthir?aﬁ pockplcexamples,
or exemplary language (e.g., “such as") provided herein, Is intended merely to better illuminate the
invention and/ BRSSO HISiRTEATBRASHSH O L LR E1ve HTHARS OHIRIM 8| B¥ESIRE IfsRIt Rlimed. No
language in tbg\sp@sHieftipy soatistiReceonstbiaedas indicating any non-claimed element as essential to
the practice of the invention. [00110] Preferred embodiments of this invention are described herein,
including the best mode known to the inventors for carrying out the invention. Variations of those
preferred embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as appropriate, and
the inventors intend for the invention to be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and equivalents of the subject matter recited in the
claims appended hereto as permitted by applicable law. Moreover, any combination of the
above-described elements in all possible variations thereof is encompassed by the invention unless
otherwise indicated herein or otherwise clearly contradicted by context. 20 CLAIM(S): 1.A microfiltration
membrane comprising (a) an asymmetric polymeric layer,



(b) an isometric polymeric layer, and (c) an interface polymeric layer between the asymmetric layer and
the isometric layer, the interface layer having a first portion contacting the asymmetric layer and a
second portion contacting the isometric layer; wherein, (i) the asymmetric layer has a region contacting
the first portion of the interface layer, the region inclwding cells haying a first pore diameter; (ii) the
isometric layer has a region contacting the second portion of the interface layer, the region including cells
haying a secm%m(ggdiameter; the first pore diameter being larger than the second pore diameter;
and the first portion of the interface layer comprises cells haying the first pore diameter, and the second
portion of the interface layer comprises cells haying the second pore diameter. 2.The membrane of claim

1, wherein the asquetricdwﬁp&m?ﬁgﬁﬁymgﬁ\é%ﬁm%qr?gor more. 3.A microfiltration membrane
comprising (a) a first asymmetric polymeric layer, the first asymmetric polymeric layer haying a first

asymmetry ratio, (b) a sed@hd aShARETHESHERESEHGRYEHe second asymmetric polymeric layer haying
a second asymmetry ratioggyherain ithignseeopeiaswminayes ratia is greater than the first asymmetry ratio;

and.(c) an interface po'lymC i.c layer. petr\fveen trle firs%qs mmettric la el and th secrond S mmgtric layer,
the interface layer haying Sflrst égr%% &5t82 m‘&etr e ﬂ%lgtr ggyWﬁ%@t ic I%%tpg%ﬁ/g saéjéjo portion
contacting the second asymmetigolagéic Valyereihe iDler{pahdafiestresymgradirttiayeohtsingetion
contacting the first portion of thed%tﬁ&ﬁiH&%#Qﬁdsgjeeoiﬁ'&w&m&%lﬁméB%B'Eﬁk ;p‘%;gr’diameter;
wherein,
(i) the asymmetric layer has a region contactivefirst portion of the
interface layer, the region including cells havanfirst pore diameter;
(i) the isometric layer has a region contacting $econd portion of the
interface layer, the region including cells havangecond pore
diameter;
the first pore diameter being larger than the sdgqmwrediameter; and
the first portion of the interface layer comprisedis having the first pore
diameter, and the second portion of the interfagerlcomprises cells having

the second pore diameter.

2. The membrane of claim 1, wherein the asymmetyier has an asymmetry of

about 2 or more.

3. A microfiltration membrane comprising

@) a first asymmetric polymeric layer, the firsymmetric polymeric
layer having a first asymmetry ratio,

(b) a second asymmetric polymeric layer, the seemydhmetric
polymeric layer having a second asymmetry raticengm the second
asymmetry ratio is greater than the first asymmettip; and

(c) an interface polymeric layer between the fasgmmetric layer and the
second asymmetric layer, the interface layer haaifigst portion
contacting the first asymmetric layer and a sequortion contacting
the second asymmetric layer;

wherein,



(i) the second asymmetric layer has a region contacting the second portion of the interface layer, the
region including cells haying a second pore diameter; the first pore diameter being larger than the
second pore diameter; and the first portion of the interface layer comprises cells haying the first pore
diameter, and the second portion of the interface laygr comprises cells haying the second pore diameter.
4. The microfiltration membrane of claim 3, wherein the first asymmetric polymeric layer has an

asymmetry ratio in the range of fomARRYERQyriAaReWykPhas ghggy}gjﬁggﬁﬁyﬁ)@ frRemeRseR| claim 3 or

4, wherein the second asymmetric polymeric layer has an asymme ) of about 2 or more. 6. The
membrane of any one of claims & HEHASEIAGER PledRAOMmEHARE c8 AR BPiSrocessing a fluid,

comprising passing the fluid intodiaenstembrane of any one of claims 1, 2, or 6, in the direction from the

asymmetric layer toward the isometyic la er.% A method of prqcessing a fluid, ¢ rising passing the
fluid into the membrane of any O@Z%F Jama é‘é}/mr{ﬁg'&ifa @r]\atsroarﬁe?ﬂ'g %%Iggtrgc% Ees?ﬁ%cr%%e ric layer

toward the first asymmetric layen@tiomefrtistoig ddetdayer, thesregionprisitgupdsdiagingeafluid through the
membrane. 10. A method of malgi@&)ﬁd"rﬂgrgfméﬂqgglmembrane haying an asymmetric layer, an isometric

layer, and an interface layer, the interface layer hayin% a first 22 portion contacting the asymmetric layer
and a second portion contacting e i IRPEIC E BRI GRS (BT Bl pRgI s @R GREomprising a
first polymer and a solventreriteedgstopady therinfe}fatenayadcarnpaeasssavtigticemeripsre a second

I d I for th d pol ; ' fir luti . a i f f
Copport, (o atter about 2 SRR, EAGURG DoC LEbBAY SLIRLLN B e SR SO o

pre-membrane; the second pore diameter.

4, The microfiltration membrane of claim 3, wher#ie first asymmetric
polymeric layer has an asymmetry ratio in the ramigieom about 0.5 to about
1.5.

5. The microfiltration membrane of claim 3 or 4,embin the second asymmetric

polymeric layer has an asymmetry ratio of about gore.
6. The membrane of any one of claims 1-5, conmisi pleated membrane.

7. A method of processing a fluid, comprising pagghe fluid into the
membrane of any one of claims 1, 2, or 6, in theation from the asymmetric

layer toward the isometric layer.

8. A method of processing a fluid, comprising pagghe fluid into the
membrane of any one of claims 3-6, in the directiom the second

asymmetric layer toward the first asymmetric layer.

9. The method of claim 7 or 8, comprising passiregftuid through the

membrane.

10. A method of making a microfiltration membrarsvimg an asymmetric layer,

an isometric layer, and an interface layer, therfate layer having a first



(e) exposing the pre-membrane to circulating air; and, (Oeffecting phase separation of the first solution
and the second solution in a nonsolvent liquid. 11.A method of making a microfiltration membrane having
a first asymmetric layer having a first asymmetry ratio, a second asymmetric layer having a second
asymmetry ratio that is greater than the first asymmexpy ratio, and an interface layer, the interface layer
having a first portion contacting the first asymmetric layer and a second portion contacting the second

asymmetric layer, compri%g&;&@kgﬁ%@[@ﬁefg%mﬁ)@|59gp%rﬁ§%gsaqgﬁ%&p%ﬂgc§ﬂa @solvent for the

first polymer; (b) preparing a second solution comprising a second polymer and a solvent for the second
polymer: (c) casting the firSPESHIOIREIEARPEE N ace of a support; (d) after about 2 seconds, casting

the second solution on thedjrst spiatianrang ismisigtR P meBkigadranshdeaedactisigepbase separation

of the first solution and the seco%deshcgggti%rll irp]ear_nonsolvent liquid. 12.The method of claim 10 or 11,
wherein at least one solution compnses% HolysUIfone. 23 13.The method of any one of claims 10-12,

wherein casting the first s@ition epgiiges sesoing shiutivstswhpitintheosepofigsteseseaggiverdvided by a
first slot die or a first casting knifg, apd g@c%m&g@rﬁ@pond solution comprises casting the second solution

through a second preset gap provided b% a second slot die or a second casting knife
(cf casting the first solution onto a first surfadea support;

(d) after about 2 seconds, casting the secondisolanh the first solution
and forming a pre-membrane;

(e) exposing the pre-membrane to circulating aid, a

() effecting phase separation of the first solutzsd the second solution

in a nonsolvent liquid.

11. A method of making a microfiltration membraraving a first asymmetric
layer having a first asymmetry ratio, a second asginic layer having a
second asymmetry ratio that is greater than tkedsymmetry ratio, and an
interface layer, the interface layer having a firsttion contacting the first
asymmetric layer and a second portion contactiagséitond asymmetric
layer, comprising:

@) preparing a first solution comprising a firstypmer and a solvent for
the first polymer;

(b) preparing a second solution comprising a segatyiner and a solvent
for the second polymer;

(c) casting the first solution onto a first surfadea support;

(d) after about 2 seconds, casting the secondisolanh the first solution
and forming a pre-membrane; and,

(e) effecting phase separation of the first sotuiad the second solution

in a nonsolvent liquid.

12.  The method of claim 10 or 11, wherein at least solution comprises a

polysulfone.



13.

23

The method of any one of claims 10-12, whetasting the first solution
comprises casting the first solution through finstset gap provided by a first
slot die or a first casting knife, and casting $leeond solution comprises

casting the second solution through a second pgageprovided by a second

slot die or a second casting knife.



