1 MEMBRANE WITH LOCALIZED ASYMMETRIES CROSS-REFERENCE TO RELATED
APPLICATIONS [0001]This patent application claims the benefit of U.S. Provisional Patent Application
No. 61/569,993, filed December 13, 2011, which is incorporated by reference. BACKGROUND OF THE
INVENTION [0002]A variety of symmetric (isotropic) and asymmetric (anisotropic) microporous
membranes are known. Symmetric membranes have a pore structure (e.g., a mean pore size) that is
substantially the same through the membrane from one surface to the other. Asymmetric microporous

membranes have a pore StruCE®IERANE WAEA POEALTEZY hasyavElRoEgh the membrane, typically,
increasing in size from one surface of the membrane to the other surface. Another type of asymmetric

membrane has a pore Strua@ﬁé%@ﬁﬁh—@@?ﬁﬂlb@*f%%ﬂﬁ@% ABpiaaseddiia position within the

thickness of the membrane and increased at the opposing surfaces. [0003]However, there is a need for
membranes aint n a d srred level off x for sire of time r ce lications. These
and other acRges SPGB IO R B e i e B B ARE LK below
BRIEF SUMNMARM/G699E, mmm@mmhmmmmbwefmenqﬁowdes an asymmetric
microporous membrane with localized asymmetries, the membrane having a first surface and a second

surface, wherein one portion of the gistg@faoe ResE TSP A siustie, and another portion of the first
surface has a second pore structure, wherein the second pore structure differs from the first pore

e e R AR N B A R AR AR o e roen
[0005]The mEMBIRIRESK3’Ee b@?@(ﬁb tﬁ)‘lmB@tﬂﬁfééf?fﬁérﬁfﬁsshu@f@@ﬁﬁﬁlt%@&:oﬁw&@.e size)

that is substantially the same through the membirane one surface to the other.

Asymmetric microporous membranes have a pore sir@i¢e.g., a mean pore size) that

varies through the membrane, typically, increagingjze from one surface of the membrane

to the other surface. Another type of asymmetmeiorane has a pore structure resembling

an hourglass shape, decreased at a position wihithithickness of the membrane and

increased at the opposing surfaces.

[0003] However, there is a need for membranes that maiatdiesired level of flux for a

desired period of time for certain applicationsie$e and other advantages of the present

invention will be apparent from the descriptiorsasforth below.
BRIEF SUMMARY OF THE INVENTION

[0004] An embodiment of the invention provides an asymimeticroporous membrane
with localized asymmetries, the membrane havingsagurface and a second surface,
wherein one portion of the first surface has & pre structure, and another portion of the
first surface has a second pore structure, whéneisecond pore structure differs from the
first pore structure. The second surface can havare structure that differs from the pore
structure of the portions of the first surface qoae structure that is substantially the same as
that of a portion of the first surface.

[0005] The membrane has a porous bulk between the firfgtcguand the second surface.
In accordance with embodiments of the inventios,ttlickness of the bulk between the first
portion of the first surface and the second surthffers from the thickness of the bulk
between the second portion of the first surfacethadecond surface, or the thickness of the

bulk between the first portion of the first surfared the second surface is the same as, or



In accordance with embodiments of the invention, the thickness of the bulk between the first portion of the
first surface and the second surface differs from the thickness of the bulk between the second portion of
the first surface and the second surface, or the thickness of the bulk between the first portion of the first
surface and the second surface is the same as, or 2xubstantially the same as, the thickness of the bulk
between the second portion of the first surface and the second surface. [0006]In another embodiment, a

method of maigng. s mAPINREENAYNGHRGHIAER SSYMMatkET-BRIRY QRAnHIBIARINGH REMRISING ()

obtaining a template having a predetermined geometry complementary to the localized asymmetries; (b)
preconditionifil tAeFt8RthIAESHAPNE SHE@SRditioning material; (c) depositing a polymer solution over the
preconditiongda@snplate; 46pbetientilydiapasitingednedat meidrerdymeishiian b oxkidtne previously
deposited polymer saolution; (e) precipjtating, the deposited mer solution(s), and (f) separating the
embrane 8 BB LG B QBB e SO P SR e AR A g tocalise
asymmetries wedgiegoi ¢a) gastaieingcananenieteiall o tbedortimmyimg e is aenipl ke edtidisigniegonditioning
material to prpWge-caSHIG, Y Hane ARIRB AR RIRLR I GLORATS Y ISRIBPLISBIAGLP e localized

P

asymmetries; (c) depositing a polymer solution over the preconditioned template; (d) optionally depositing
one or more PEISRIEHESIGHIRTBIAE D SRIGDALNEBPDSIBILRAIS R YT STttty Hposited

polymer solupes(lisyddposaparadipeh s cemsivr anefeupitheHe autatelDpoBesemeatisrepdiments of
the methods of m@kisr%%]the.membrane, the mfetho%further comprises (h) leaching the membrane and/or
b

(g) drying thea%de r?f&%@ﬁn”&ﬁﬁ‘@rr %'ﬁ‘?b&%mneﬁtts?rﬂ%%eods of processing a fluid comprise passing a

fluid tangenti&éMY0iD theAinstimrsrobadierfhts mfadhegmmmnanpa@sdin_glmmﬁﬂmmemeﬁrst surface of
the membranieiepual thy Beariiv stEassALING BRANARG AR EAISSIRGA B Lom dipapeond surace

of the membrane through the first Surface of the membrane. BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THEESRINQMREES) casting surface having a preueined geometry complementary to the

localized asymmetries; (c) depositing a polymeutoh over the preconditioned template;
(d) optionally depositing one or more polymer siolug over the previously deposited
solution; (e) precipitating the deposited polymauton(s); and (f) separating the membrane
from the template.

[0008] In some embodiments of the methods of making thelnane, the method

further comprises (h) leaching the membrane ar(djodrying the membrane.

[0009] In other embodiments, methods of processing a flaidprise passing a fluid
tangentially to the first or second surface ofrttembrane, passing a fluid from the first
surface of the membrane through the second suofabe membrane, and passing a fluid

from the second surface of the membrane throughirdtesurface of the membrane.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWG(S)

[0010] Figure 1 is a cross-sectional view of a membraceraking to an embodiment of
the present invention, showing first and secondiquas of the first surface of the membrane,
the two portions having different pore structusekerein the thickness of the membrane
between a first portion of the first surface anel second surface differs from the thickness of
the membrane between a second portion of thesfirface and the second surface.

[0011] Figure 2 is a top view of a portion of a top suefat a membrane according to
another embodiment of the present invention.

[0012] Figure 3 is a cross-sectional view of a membrawceraking to another

embodiment of the present invention, showing tipestarface in particular.



[0010]Figure 1 is a cross-sectional view of a membrane according to an embodiment of the present
invention, showing first and second portions of the first surface of the membrane, the two portions having
different pore structures, wherein the thickness of the membrane between a first portion of the first
surface and the second surface differs from the thickpess of the membrane between a second portion of
the first surface and the second surface. [0011]Figure 2 is a top view of a portion of a top surface of a

membrane ag6er§ing tp;gRRings erehadimetidbinAr e e hiavBrieaakR te okt adfR G gps-sectional

view of a membrane according to another embodiment of the present invention, showing the top surface

in particular. B'fORESRAGINEAtRMN $hERdngdiabAaf\AEGP BHRTH ABRS R EBIER R (DM em8afnent of the
present inventienwshsMiog dirshvansdgeand pordiena i ibecfies surfanskoéibenmesnhenerdhe two portions

having different porc, ifietuss AeTRIn ihe Liekness,pluhs membran helween,a lstporiion of the firs
surface and the second surface 1s supstantially the'same as the thickness of the miembrane bétween a
second portidheothihkniiss stifiecmemtredne setordrsarsacenfDoodirdirst Suitcae rsbtiesdonabview of a
membrane aggpiding to another embodiment of the present invention, showing the top surface in

particular. [0015]Figure 6 is a top view of a portion of a top surface of a membrane according to another

embodiment preSEM o BE ORI 9Ga!&19VIsOh & DS B1BEVIRAEN 9/ 18 0P REhembrane according

to another  embodiment of the present invention, showing thpesiarface in particular.
[0015] Figure 6 is a top view of a portion of a top suefaé a membrane according to
another embodiment of the present invention.
[0016] Figure 7 is a cross-sectional view of a membragceraling to another
embodiment of the present invention, showing tipestarface in particular.
[0017] Figure 8 shows the BSA flux versus throughput fariaus membranes, including
a membrane according to an embodiment of the irwent
[0018] Figure 9 is a cross-sectional view of a dual-castntorane according to another

embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0019] Advantageously, membranes with localized asymneehére greater resistance
to fouling than conventional symmetric membranes @mnventional asymmetric
membranes.

[0020] An embodiment of the invention provides an asymim@ticroporous membrane
with localized asymmetries, the membrane havingsagurface and a second surface,
wherein a first portion of the first surface ha&st pore structure, and a second portion of
the first surface has a second pore structure,eiinéne second pore structure differs from
the first pore structure. The second surface eae l pore structure that differs from the
pore structure of the portions of the first surface pore structure that is substantially the
same as that of a portion of the first surfacee mfembrane has a porous bulk between the
first surface and the second surface. In some dimmamts, the thickness of the bulk between
the first portion of the first surface and the setsurface is the same as, or substantially the
same as, the thickness of the bulk between thendgmartion of the first surface and the
second surface. In some other embodiments, itiess of the bulk between the first

portion of the first surface and the second surthffers from the thickness of the bulk



embodiment of the present invention, showing the top surface in particular. [0017]Figure 8 shows the BSA
flux versus throughput for various membranes, including a membrane according to an embodiment of the
invention. [0018]Figure 9 is a cross-sectional view of a dual-cast membrane according to another
embodiment of the present invention. DETAII FD DESCRIPTION OF THE INVENTION
[0019]Advantageously, membranes with localized asymmetries have greater resistance to fouling than

conventional R et 8ERAPERi 8RS CPRUFSH SNFhasURRRIbIc aaMR@n sy [0eRMN prehediment of

the invention provides an asymmetric microporous membrane with localized asymmetries, the membrane

having a first¥DRAEESAL HedbisKpessRetwermdsifist ﬁ@?ﬁ@ﬁiﬁfﬁb?‘fﬁé‘fﬁﬁ%ﬁ&c%eﬁ%&da first pore

structure, and@faeeasdeskoaryitheficsy suiacpdianatsetishpasa sieussidondyoetiemdhmeeesnd pore
structure d'ff%§{F£8mJ#§ﬁ%&é’géﬁas%r&r?éléi%‘?-ir{ BFPEFC%%%M“”‘ SR avE een t%té“[frts;frg?}%ﬁ%d'ﬁers
from the pore structure o € portions O e first surface or a pore Sstructure that Is supstantially the same
as that of a poftiom fisbtise firse aAndeibe. SEcond amittaaadskriad pidtrdB%obatkab k@t @b abie 304, iefaies and the

second surfage, | ROMEIERROGIMRIS 1HIEHUGKRGRF I Rf Bk PEIYaRR the fesbRadiafuekthe first

surface and the second surface is the same as, or substantialg the same as, the thickness of the bulk

between the BERSHIOPoiidREISERAY iaRiewaeIg thi e dEssPe VR ING YshROBIAR PEMB ddFnents, the

thickness of f@favikirtwresethmirstinarton afghefdsieiicarsoddtvcspapadststarpdititersfrom the
thickness of the bulk 4 between the second portion of the first surface apd the second surface. For
e, in NG LSRG AT e R Be AR 0F 1 e e AdDE Rt socond
surface is at Raficband W@m@aﬁgﬂiﬂmhmm&!&m m@ﬁemb@pﬁ(aﬂo_lgmfametﬁm surface
and the secopd shifeesdrbatiies ARRERRA o KAsRRAELERIIRS DERHRQtiaRdeS the first surface

and the second surface is at least about 15%, or at least about BO%reater than the thickness between
the second pbiedH of tHeGTIS ESNPREESR IHBYBEEE 1RYHXE A0 AliFGE BRI $HD 8ECNIABddiSents wherein

tﬂe lt(hicknebs%@meﬁﬁbtbenﬁﬁzisn@mrh@?ﬁﬂﬂé&% ﬁﬁkE;F@ﬁ@r@US ﬁﬁmmmghgméa&ﬂrﬁlauﬁa@gahmgn the
thickness between the secon rtion of the first syrfac na the second surface, the thickness between
ihe first porach SHIE GLALHALE And Fe Ll ARSIl T SPHans S8BT THOAtD abour 50%6

greater than fthiet thiclavessasettveast thérsepgoridpartismed uetimst therfastpantibthbadcgadisirface

[0021]in one grabad(iR&RL AMARERGAMSHRETPOSA IO ADMBMIFBSIS BR8N dedBRd portion
having a second pore structure extending fromélersd portion into the interior bulk,
wherein the first pore structure at the surfaceediffrom the second pore structure at the
surface by a factor of at least about two. FomgXa, the ratio of the first pore structure to
the second pore structure can be in the rangewof &bout 3:1, to about 75:1, or more.
[0022] An asymmetric microporous membrane according tahem@mbodiment of the
invention comprises a first surface and a seconfdseiand an interior bulk defined by the
first and second surfaces, wherein the first serfeas at least a first portion and a second
portion, the first portion having a first porosgmprising a first mean pore size, and the
second portion having a second porosity comprigisgcond mean pore size pore size,
wherein the first pore size is at least two time=ater than the second pore size. For
example, the ratio of the first mean pore sizénéostecond mean pore size can be in the range
of from about 3:1, to about 75:1, or more. Tydigahe ratio of the first mean pore size to
the second mean pore size is at least about ®ferpbly, the ratio is at least about 10:1,
more preferably, the ratio is at least about 2failexample, at least about 40:1, or at least
about 50:1, or at least about 60:1.
[0023] The second surface can have a pore structureitfeasdrom the pore structure of

the portions of the first surface, or the seconfbse can have a pore structure that is



membrane comprising an asymmetric microporous membrane comprising a first surface and a second
surface and an interior bulk defined by the first and second surfaces, wherein the first surface has at least
a first portion and a second portion, the first portion having a first pore structure extending from the first
portion into the interior bulk, and the second portion IBaving a second pore structure extending from the
second portion into the interior bulk, wherein the first pore structure at the surface differs from the second

pore structurg B mHKARE BirnfeasiMPbRbIBBRIGPOHREeE CXmBlanthe Ao first pore

structure to the second pore structure can be in the range of from about 3:1, to about 75:1, or more.
[0022]An asyFHARARCAIERFRIY Wﬂﬂ%é%@ﬂﬁﬁﬂﬁ%ﬁ@%%ﬁodﬁb@ﬁ%&%@m&ﬁ%

comprises a fiigestirtarcaanshat seound Gunredavdiaimipteneurbpitslsitaathbiotheditst@nteaacond
suriaces, whergin ihe sy surface Aasgb Isast adlielpartion and:a second portion, (g i parion having
a first porosit9 comprising a first mean pore size, and the second portion ﬁavmg Sétoh porosity
comprising agfgberstenadmsare wire sicecbibe, idiawiathe Meapoasisiedobtlesscond tuitascgieater
than the Sec%%agf%ﬁ&ﬁ-fﬂrp?émg’: the Fééti')'é’ S (HRE Y $hERRHBHROLE SigRiiR e Se R TeAR pore

size can be in the range of from about 3:1, to about 75:1, or more. Typically, the ratio of the first mean
pore size to tHE3B ARG FHEHT Pt SeELBISHIRESISAIEREE BBptefors® B alsealviolis 4804St A bout 10:1,
more preferaflysta@datisos aideashmbmibedst i @xarepieast grsi abeut 40):3: least sk about 50:1, or
at least about 60:1. [0023]The second surface can have a pore structure that differs from the pore
Siructure of HEDAroHR Gt P U AL DIt L BRUPL e Lo WA POV DL et s S
sub_stantially_sliaeszimhle_ a_sc:had gﬂdmib&tdﬁahmm.lfdn@MMéthhérsgm furfasezean have
a third porosity.comarisineed iy thFRARBIRS ESe BheEsisy bR i aanRep5i4a s Atipast about 10

times less than the first mean pore size and/or the third mean pore size is at least about two times less

than the secdhBifidal.pbeedlindS A feshAbeid b dPIReIs i dpRehRRAY LHIE: $i2Y 8t ipRstirliQtirface to

the mean porgsgize ahtbenseepnsbairase imatiarsbpbruUipdae Sirrferably fitseoiatie ettdagecond mean
pore size of the first ssPrfaze to thg mean pore size of thﬁ %econd s(%rfa%e is at I?éast gﬁﬁtg 25:1, more

preferably, the B & AR SNBSS NG IPEVARYE HrRGSP AP 18°E R ARAL 2L AL 2B or at
least about 140aho1jyﬁ_m@.11yo|tmearatioromﬁe:ljrslrnmmaﬂ pcgerwi_netrm‘ fiinst _firlreasmtﬁaesim ttb_famaéhtst pore size
of the second, SHIface: % @k|east QQFéé%o(?f%fSrtﬁb% E?(B'r?ﬁ%&%Hlﬁh@%@oﬂﬂr@ﬁgfeoﬁégeaﬂr.St .
surface to the mean pore size of the second surface is at least about 15:1, more preferably, the ratio is at
least about 78PBOf e EHA pRIGAIEA SISMLRRE0DZE; or at least about 150:1. In some embodiments, the

ratio of the mgmp4pore sizscafijhentriicintpereeseadnatisscehthaulicésniiasaals the B2eae pore size of
the second surface i% aboutéi)O:l or mi_ie, or about 700:1 or more, or 1000:1, or more %% wherein the

first mean pof&'85% B heCARY SUTRGR- oMKy LHDE RMBAE: SiF ReSRRL SYHARRFEMERYR and the

second surfapertiassanitibdifferentmeanspentieezesean pore size. [0024]Typically, the mean pore size of the

second surtags UOSAELR SAMANATE L SesPRd Suffes,Bigua e soma gbodiments, the

second surfa have portions with different mean pore sizes. iments of the membrane

can have at 888t eh&hRsaFedi Flincoies A% [6F B¥aTrelee ARIREeEIR fEnsieh 2 /Riraesldngfe, 18n

antimicrobial dgpfliemBaEiAE AEHE PGP BIRRMRAHENE SeYiaRIIORN BhEsumasBLyAne (€.9., near
and/or at one surface of the g]embr ne) can have a hi h$r co centratio& of the desired func.ti%ri(s) and/or
AR BB

characteristid&% LARIECARS DY ﬁ{b‘}%‘ée_r[ﬁﬁﬂ% HBRIB8 % FHBIAGKE TR ing a
membrane havangheoaisz ef tasymenetraaeis provided, the method comprising (a) obtaining a template

men _ met () obeining
preconciton ey enteral T e Ao T 10 e ST AP L0 tonec

template; (c) @3NALHIPS IFrAEIVEdRG StedVe P GrapnisdI BdiitifRerApRIP|aD bRYibadly casting one or
more castingsaluiensinua oY iEHHGREH BN IO T d ReBsiHAGAL QSRS MGNEET solution(s) to

provide a membrane; and (f) separating the membrane provided by precipitating the cast polymer
solution(s) frmmgqg%%épatenal (preferably, a precondhiny fluid) o the templaté to provide a

preconditioned template; (c) casting a polymertsatuover the preconditioned template; (d)
optionally casting one or more casting solutionsrdlie previously cast solution; (e)
precipitating the cast polymer solution(s) to pdava membrane; and (f) separating the

membrane provided by precipitating the cast polysadution(s) from the template.



6 Optionally, the method further comprises (g) leaching the membrane and/or (h) drying the membrane. In
those embodiments of the method including leaching the membrane, the membrane can be separated
from the template before or after leaching. [0027]Another embodiment for making a membrane having
localized asymmetries comprises (a) obtaining a temglate; (b) applying a preconditioning material
(preferably, a preconditioning fluid) in a pattern (preferably, a predetermined pattern) to the template to

provide a pre@?ﬂgﬁkﬁ@?ﬂw?m&ﬁéﬁ RFRY @om&%%gwameﬁe%%%m%msmﬁmquﬂecaﬁzed

asymmetries; (c) casting a polymer solution over the preconditioned template, (d) optionally casting one
or more polymErRARNENEreRIMIIBESI CAdieaistiar Etirachingthg e Soiier solution(s)
to provide a membrane;canth)seppairiingaineameastprie ptiseddayrecipitating the cast polymer

solution(s) fr template. Optjonally, the method further comprises (q) leaching the membrane and/or
() ciying e Ret ol e e B BTt e e g LS A imbrane. the
membrane caarbersesdrtebthiomaaaeamisiate(befapelymaderidiioning.fete®iniwefmebinbodiments of

the method, e RsRGABAIHGTIDAMRAIEHRkIR HsIER-AINR AR AE RARROPSRL TP TRM ARG ARE @y more

desired functions and/or characteristics to the membrane. [0029]Embodiments of the invention also

include devicR WS/ BriIpiPIIRNSA BRARIlERY e fhHERIGHEYiHE RS N ABRIRRE gy B Bfocess fluid.
[0030]In somp emaafispniaetnetpgscabnigeepsinmer baiddampiiserpessinbadt idrpngentilly to the

fi ially tg th d surface of . passing a flid f fi face of th
mermbran (YN CSR OB 5 AL B Bl S BSIRy AMERTIINURD <ELond surface of

the mgmbrarw&hhdtxghn@tééirﬁs&md&mew%gt_mmnmp@@mﬂ]mmmand@)wawmgiﬂ@ to the
invention car} e, HRes BYSAIG ARCeRRT IRd e plaa ISRl i BiE R igdmplate substrate

has a geometry complementar e desired localized asymmetries in the membrane to be produced

to t
and a preconditféiiA Mﬁﬁaﬁ&tgﬁﬁﬂm@rt@m‘iér’iéﬁﬁpﬂ@t@@%@ﬁ&?@ﬂbﬁﬁn@@Sﬁ%ﬁéjﬁﬂﬁﬁﬁaﬁ solutions,
and curing theeépaieddenplats & vhmtrien ity beiemamesandiicung gatenrinbaprieddn a pattern

(e.g.,ina predete[)rpinedé)at%el% torthedtf%kt:}ig subs ratgﬁ%%rr%% iWherein the template substrate_
has a flat surfﬁ%g), AN EBR SHRREN SFo ﬁgw P S, Q e coated template substrate is
cured. [0028] In some embodiments of the method, the precondhitipmaterial includes at least

one component for providing one or more desiredtions and/or characteristics to the

membrane.

[0029] Embodiments of the invention also include deviaa®sprising the membranes,

and methods of using the membranes, e.g., to pdked.

[0030] In some embodiments, methods of processing a €londprise passing a fluid

tangentially to the first or tangentially to thecead surface of the membrane, passing a fluid

from the first surface of the membrane throughstaeond surface of the membrane, and

passing a fluid from the second surface of the mramthrough the first surface of the

membrane.

[0031] The membranes according to the invention can beerhgatoating a

preconditioned template substrate (wherein the l@mmgubstrate has a geometry

complementary to the desired localized asymmeitnidse membrane to be produced and a

preconditioning material is applied to the tempkibstrate) with one or more polymer

solutions, and curing the coated template subswateherein a preconditioning material is

applied in a pattern (e.g., in a predeterminecepalto the template substrate (preferably,

wherein the template substrate has a flat surface) coated with one or more polymer

solutions, and the coated template substrate exdcur



7 [0032]A variety of materials are suitable for use as template substrates, for example, the template
substrate (which can be hydrophilic or hydrophobic) can be made of a fabric (woven or non-woven),
embossed foil, metal screen, extruded mesh, textured rubber, embossed polymer film, and various
polymer materials. In those embodiments wherein thg templates have openings passing from one surface
to another, particularly templates comprising open meshes, the templates can be covered, closed and/or

sealed on onpysige befare,ARRIVNG SRS SPad tiRMRoRRISiah tanaliRides e cllisiepidgronditioning
of the template. [0033]The template substrate is preconditioned with %%()econdltlonlng material before

coating the sIHBR'AE RHESHRSINARRCERIBEIN IR G OBIIOP IR AR ARHShE RS 4IAKeILdes a

non-volatile aampanesiewheraiibszed; alatlsoempanehidesh, adxilisg nwbeniBibhoseegreater at

ambient temperlatureﬁnd 1 %tmosdohere of Bressyre. Prqfe;abl , thg non-volatile. c?meponer?t has a boiling
. iim, an varl[ us Bolxm rma erl[als. Q eleo Iments Wﬁereln h tqm%ates

point of aboum%“af or greater at ambient temperaturé and 1 atmosphere of pressure. 1n'some

embodimentd)ave erecmgditanfitpfraterisieconiadsds anmhitcoinpemplatdes adainising dpemon-volatile

component, wheyield the volatilgcomppreahhasd kriliod RrimbaldrshinanSPsrAt aphiRRG paperature
and 1 atmosphere of pressure. [0035]Tyﬁ I

pres ( ically, the preconditioning material comprises a preconditioning
fluid, more prefefaBfitienyie forigfirdn R liaiE IR RITIREPRES HHliRIRE I ]S SRR N oN-volatile

component. lfpegape emitimphate, $nBgpiReds dikyongitvaterivitie eippdiseni fgdekiaiapbeisea paste
wherein the gel, foam, or paste comprises the non-volatile component. [0036]The preconditioning
material, e.g., ?ﬁg'}%&%ﬁéhgmﬁ n}Lﬁ&ﬁFyB%gﬂﬂ%g%'ﬁh%%s at least one strong solvent (for the polymer(s)
used for makifAg3tie méwicaty)theecanibiimiogenatesialsobiadefonthiel add nten@)remd/or at least one

non-solvent igj, e RQIMEHS) g ak SAINGAER AT RORGRR Pl SsBR SOMFUMESHElRTER O as "porogens”

or "pore formers”). [0037]Preferably, at least one strong solvent, weak solvent and/or non-solvent

comprises a HSRPEHMHIE 8BfhpSHBRENBIRY T asS Histe & RHRITR A R LM ARMAMERE ARTiAI can
comprise a nppiRjBEMmCenpeNcnbend arvgiadier cerpereiperad b undthenrRepRedasTipeeaierial can

comprise at least one of any of the following: a stron solve.ré@ga weak solvent, and a non-solvent, wherein
the strong soa 5 TR SSHIes R A R IO B CL BRI o5 5 IR R e IRRRAIEAE and the
preconditioniagditiatetiaihmnqﬁm\tb@titmnmnismantemwe\mmﬂy o@mhm)ftdm\/hm&gadmiiiog@@ol\m‘_nt, a weak
solvent, and %nggﬂlgg@b ‘Q(Pm%m?eﬁ%ﬁ?gtﬁ%\’ﬁm’ mﬁ}v&%gﬁpg/or non-solvent comprises a

volatile component.
[0035] Typically, the preconditioning material comprisegraconditioning fluid, more

preferably, a preconditioning liquid, wherein th&d or liquid comprises the non-volatile
component. In some embodiments, the preconditipmaterial comprises a gel, a foam, or a
paste wherein the gel, foam, or paste comprisesdhevolatile component.

[0036] The preconditioning material, e.g., the preconditig fluid, typically comprises

at least one strong solvent (for the polymer(spdee making the membrane) and/or at least
one weak solvent for the polymer(s) and/or at leastnon-solvent for the polymer(s) (weak
solvents and non-solvents are sometimes referrad tporogens” or “pore formers”).

[0037] Preferably, at least one strong solvent, weak sbl@ed/or non-solvent comprises
a non-volatile component. However, as noted abibvepreconditioning material can
comprise a non-volatile component and a volatilmgonent, and thus, the preconditioning
material can comprise at least one of any of tHeviing: a strong solvent, a weak solvent,
and a non-solvent, wherein the strong solvent, veedkent, and/or non-solvent comprises a
non-volatile component, and the preconditioningariat can further comprise at least one of
any of the following: a strong solvent, a weakvsat, and a non-solvent, wherein the strong

solvent, weak solvent, and/or non-solvent compréseslatile component.



8 [0038]Suitable strong solvents include, for example, dimethyl formamide (DMF); N,N-dimethylacetamide
(DMAC); N-methyl pyrrolidone; tetramethylurea; dioxane; diethyl succinate; dimethylsulfoxide; chloroform;
and tetrachloroethane; and mixtures thereof. [0039]Suitable weak solvents and non-solvents include, for
example, water; various polyethylene glycols (PEGs;g.g., PEG-400, PEG-1000); various alcohols,
especially low alcohols, e.g., methanol, ethanol, isopropyl alchohol (IPA), amyl alcohols, hexanols,

heptanols, angagianols; AARSEAILLRB S ARRRI ABARE RO RIMABEN IRRIaNBRMENd Octane; and

ketone, ethers and esters such as acetone, butyl ether, ethyl acetate, and amyl acetate; and various salts,
such as calcib'rﬁ‘&ﬁmﬁ%!%%\tﬁﬂégﬁjﬂ;?Mﬁ@iiﬂjrﬁﬁ@!’l‘tﬁﬂfﬁ'm%@%ﬁyﬂifﬁﬁirg@ﬁﬁ‘@%&ef@mmIn some
embodiments;ieaitigadiynéiage @fokiadiroedisioher amutharpeeanditoampmatedsltirarplied to the

template in a termined pattern, the preconditioning material comprising at least one non-volatile
comporent 1] comHAREY TR T 0 Vo e CEEBRLL o B TS Bt Svaporate
under membmigetrdpaaglynas (dEGAse [00PHEet ¥k rhtie).efregs aditibaingeinrtialyleomprise a

non-volatile compRRER Hhahisihasli AN RS RN . HFPAMY WG a volatile

component (e.g., acetone) to form a liquid, paste, or gel. In some embodiments, the volatile component
(e.g., aceton&FEEReFagoFhecIRNgS: tRecP st BRdHESPEIRAN B BRIRDPRIIBOAING fluid is
applied, befote repatingdhetrrceiniioned wimpiasact tisibconnlyeiessetitipacé@id 2hhacapt@conditioning

material can have any suitable concentration of stron lvent(s), weak solyent(s), .and/or non-solvent(s).
ustatively, T SaHe BT SO S S g LB R b OrE S oy B et
decreases thehipiaa ahthaiphuise ihe@aslion process and the resultant membrane has larger pores, and
increasing thﬁ)ﬁ centyatiamaf s sive R A%%ﬁ9qﬁgges&%ggd?ﬁmgﬁ§ﬁgnversion process and

the resultant membrane has smaller pores. [0043]The preconditioning material can further comprise at
least one corRpSiAWIBRIPELMBIALGH HedbPes o dBsifer piHe IR IRtNBR R ARdEET$HeS to the resultant

membrane, epxgecOnitiingrmaldiig iaprispigsrlkksurb-acialie eyrIpoiREoGitEy Risamiteatat(e.g., that
may be leached out resulting in a pore); a component for providing an antimicrobial function, such as a
D e RS RS

bacteriostatic S bILfe VAUl FORERSIT Uof Skafiptl Y R LRIS IS R A e g., silver
nitrate); providiegeaaticargensitzings a negative charge (e.g., for adsorbing negatively charged target

entities such f@)@ﬂﬁlCteri—aoHBQQ%?éi,aQ &%Ié%nf(fﬁ%l%ng fluid may compriseoa-volatile component that
is a solid at room temperature (e.g., PEG-1000knhixith a volatile component (e.g.,
acetone) to form a liquid, paste, or gel. In semdodiments, the volatile component (e.g.,
acetone) can evaporate (e.g., wherein the PEG-4dl@fifies) after the preconditioning fluid
is applied, before coating the preconditioned textepivith the polymer solution.
[0042] The preconditioning material can have any suitablecentration of strong
solvent(s), weak solvent(s), and/or non-solvent(#)stratively, in some embodiments,
increasing the concentration of strong and/or wseakent(s) decreases the speed of the
phase inversion process and the resultant memhesarger pores, and increasing the
concentration of non-solvent(s) increases the spé#dte phase inversion process and the
resultant membrane has smaller pores.
[0043] The preconditioning material can further compriskast one component for
providing one or more desired functions and/or abristics to the resultant membrane,
e.g., one or more of the following: a solid sushfar example, sodium bicarbonate (e.g.,
that may be leached out resulting in a pore); apmrant for providing an antimicrobial
function, such as a bacteriostatic or bacteriodgiattion (for example, by including a
silver-based reagent, e.g., silver nitrate); primgd charge such as a negative charge (e.g.,

for adsorbing negatively charged target entitiehsas bacteria, mammalian cells, free



nucleic acids, proteins (under certain pH environments) and drugs such as heparin); a positive charge
(e.g., for adsorbing positively charged target entities such as proteins (under certain pH environments)
and drugs such as dopamine); a zwitterion; and a mixed charge; providing a chelation function (e.g., by
including a chelating polymer such as polyacrylic acid, polyvinylsulfonic acid, and sulfonated polystyrene,
for example, for adsorbing heavy metals); including a denrimer (e.g., polyamidoamine (PAMAM) for

binding pharaagiisetis asensomAgLRds sl Ba aiisnaielalins Jiem A aRB Ry RIS ding

liposomes (e.qg., for carrying/delivering a desired material such as a drug, for example, providing a

membrane-bS8BWMEELiAal akFPPARhy sy GHRIaHIG SRS LA B RS SN besidich as a
chromatographyesniaithentsp Hinityiserbel ¢Ruchoap anii fiesivhntibady firghemisgenzpviemee. 9., for
adsorbing targ%hseﬂ%h as %{Ptgigas a d/cl)r H&%toéi@ﬁé %?cr%\éatgdc orgegggs&cﬁcag activated carbon,
activated silica, and activated al ﬁ%h;ky K&vantggeous@, ))/ including e mpgnenf('ég as part of the
preconditionipglynitgsalfoiie dedireddsatiionisy atietl waratenglie&)rasobdipmiiy, eieliied, to a
desired portl%ﬂ%@fé&%Rﬁq@e(étw&,rfmaﬁuaemﬁrn@aﬂ&mwEm&m@epﬁam@%ﬂ&ﬁmtﬁer example,

the desired function(S) and/or characteristic(s) can be localized to the portion of the membrane contacted
by the precortdiigi s anskidingrdrye Hlas EHBrROIBEER: RSHHBIRHh BPOsAEBEE 9y fiRe
preconditionisgrfyiagtialieembayacsifighaconrtentiabenngivhedeaired fusnativig(a) or characteristic(s)
than the other portions of the membrane surface facing the preconditioning material, Additionally, for
example. 2 GG 0N Ao BBy B 2 AP e SHE PR, B LGl B8 Ritons
and/or charam&eﬁ(mgonmdmﬁpwmmp an@%ﬁpmimrﬂngmmjaimmpreM&
component sgaha desied fupelippiandifibappeisica deIRcalsaL PAhE MelIaseRd- the

charged membrane can include a localized different function and/or characteristic such as one or more of

the functions (6HehafHREMAIRS tRfeNaBEhEBYS! CRe RARKHSTH RBH) 2| 0 VRIS SHSEN Y of the invention

include mempianemy/tie a eisshivngbpayparetiensestivisnivh erate il easdep s alieipragd in some

bodi ts, at least th ' h diff t tries. F le, i bodi t,
herein the F100 Sl LB S0 LA K BH g o BB T BRI oHeA g a frst
pore structureneribratingrither tharfitbtquutiout thio ¢htranteeieb ok eaxacthe, Sezdadiporfiorchavis)y a
second pore §Hd‘/%%ﬁa‘?é&%&%ﬂ8(£?ﬁéﬂr%% FRCARE PR IRBRIG: TS iﬂ&‘?ﬁB%ﬁ”&oﬁtﬁE’%&é‘Wemc section

comprises the first portion having the first pore structure extending from the first portion‘into the interior

bulk, and theP8EBRETAYAhTRMRIIS WofPESHATARIS i BB HBeBRDArARSIAYIRE!E0 BLEMRd pore

structure exteneldoa dieoniHienseeeRd Rerand i e interiasdy i thesrsrcenmiedionests, a third
asymmetric section compriic‘a}gﬂ;?br%) iorhof the interiorﬁul extendié‘n 0.the second surface af the

t
membrane. [SOFERARLIR 108 QIBATRLLUOTRH L P& RPN B VA ing
throughout theateatbnAdigiicadiyy tHerregamplere sesidgdmasas inesize dranp@val perticendiraoeface to
another portign.or sur . - ' reases from r rii surface to
the downstre Ao o e B el Ry e
embodimentPeFaprdifoBingoRateal ¢rnsorBrize gsesPRBedtshatinfeM 0828 PR position within
the thicknesscahaetasyie ek 15eIBEHRFE (P tFeRAEINR A laa BRI EH i SRHBIARCAMMNAYRI @A

"hourglass-type" pore structure). An as etric section can have any suitabl re size gradient or ratio,
e 0. about 3 FRARES QB 95 RbAT R IR TG L4 BB e )OI e mean pore

size on one mhfrasieriatesdiseedetime \(gth. [lubateam pakgt size of the other major surface of that section.
[0046]The prfg‘&ﬂ itioning material ¢ e | : li having a

predetermined geometry, or apél{?e[l(sj ﬁq{%e@gg{s{g%t?%mg %ﬁ%@%&ﬁ’ﬂ%@?é@%ﬁ@gg” slot-die
coating, dip CREHNGSspREIeiDAIngashBMeseeciepatiaad Hraemgodinemis, IKdepsO 4 TRORas tResehdvRite has

been_ precongjinsst Hb?ﬁﬁﬁéﬂ%‘é?e%%%ﬁ%ﬂﬂ‘é(ﬁﬂtm BMHBRERRERSITELRE Wﬂgtf§ﬂﬁﬁé€$£3§ii@a§ polymer
solution over the preconditioned template; casting gne or more polﬁmer solutions over the previously cast

polymer solufidHSHPLIORAR FeCUH BBIYATL S IHFSREYIQ4RA AR RLSREHBA MM template,

leaching the fremihreufiestquactichying the imeridbisuik, aititeep iy theomiembaaing \wek @anl lppearried out as

is known in t n i ts, ingredi i e | i nd casting
solutions), ca}%r? rgé{%%rr%%@tﬁéesf ﬁg’i%]%%v%e#]}’?h‘%gé’?@ffsﬂ&%% %&gl}(e)@/ﬁ gf %%&%%%y@%%%’#& %?goguitable for
use in the ineaitIBAS@HMNafE Hrigwlio hawng ths ditabretpsiHirexendivadreanthtfiisep@dmere such as,
for example, pRIYEHBAEGH; EPRRSSE ShaRlysienRSsdamrfingearpRatie ARlyuHiBRemsHe RS, for
example, polyethersulfone, polyether ether sulfone, bisphenol A polysulfone, polyarylsulfone, and
polyphenylsulfone), polyamides, polyimides, polyvinylidene halides (including polyvinylidene fluoride
(PVDF)), polyolefins, such as polypropylene and polymethylpentene, polyesters, polystyrenes,
polycarbonates, polyacrylonitriles (including polyalkylacrylonitriles), cellulosic polymers (such as cellulose
acetates and cellulose nitrates), fluoropolymers, and polyetherether ketone (PEEK). Polymer solutions



a mixture of polymers, e.g., a hydrophobic polymer (e.g., a sulfone polymer) and a hydrophilic polymer
(e.g., polyvinylpyrrolidone). [0049]In addition to one or more polymers, typical polymer solutions comprise
at least one solvent, and may further comprise at least one non-solvent. Suitable solvents include, for
example, dimethyl formamide (DMF); N,N-dimethylagcgtamide (DMAC); N-methyl pyrrolidone (NMP);
methyl sulfoxide, tetramethylurea; dioxane; diethyl succinate; dimethylsulfoxide (DM50); chloroform; and
tetrachloroetiyghgna @ ik eiRalu Ry IR ROUSEINRBIRIE NleRNB KRNI WRIRE various
polyethylene glycols (PEGs; e.g., PE-200, PEG-300, PEG-400, PEG-1000); various polypropylene
glycols; varioti® BRBRERISe Bt NFRRUMEICHIR SS6H B SN BRY FRRBRAA IBANEHRN Rk RYRNHELAoIS,
heptanols, andeoséabats satkarest hieah@sbraxane, propane, nitropropane, heptanes, and octane; and
ketone, ether@ J#est%rﬁs ssuch as acetone utgl ether,sqmg acetate, and amyl acetaﬁe; and various salts,
mcC [

such as calci loride, ?né{bnrﬁréestlﬂ?nsg Y'é)rfi' e&,1 ANdRITm enidr , %anaw Mitires thef e\é?.r¥5@50]lf
desired, a sothtigsgboutgisisectiqrolyivigicatn foetheacopdpeisecfonssainisies dremopnaareriohenerization
initiators (€.9¢ A ORS MIMBIHBHRAIBX YRR .”'ﬂl.ﬂhgﬁfr%léfi%edé@%%% fEPhARBRpsALsHe 9.,

2,2'-azobis(2-amidinopropane) dihydrochloride (V50)), and combinations thereof), and/or minor
ingredients sBEAIA8 SUMAERSRLOARB/SPWERIERRMA GBS [PBT) T RO WRRbIARE I VPRSI ASY PP ed by a
phase inversigra preesssawet the areeandiinsed fesplaisigithe ybhetigeligoéedrimagly particular
mechanism, it is.believed that th combﬁ'nation of i%e gﬂreﬁn tigonin mafrial and tt’te template substrate,
which Iocateﬂ'lqénbur@c%%r(ﬁ"lt%ﬁ %%?ér"&wm‘l% T SRS LS A POV GBRHISH , Fe%‘u%tes the phase
inversion propeg®frofnathesgmpkite sedtice tant@wetandhedthiypaé piseasicuQ08R]) Fypically, the phase
inversion Progest iRYAYSS Gftsd g RaBRBRL SRk NG, bip, UBhAacPHRCialtgHna the
polymer through one or more of the following: (a) evaporation of the solvent and nonsolvent, (b) exposure
to a non-solvé%@\’x‘aﬁ@ﬂ BQER: AENFRBYVERIFY GAICPEAPS 8RS ESHIPR BYIHSRaAIHRRE SEERILARRING in a

non-solvent ligdjgr(6ugface RIAsectnorERGR MHRA R 6ATaH B Bt Auaee AR snddRerdianasebiah, and (d)
thermally quenching a hot film so that the solubili he polymer is suddenly greatly. reduced. Phase
TH) o 3 Rsceal

f
inversion ca duc Bebf}rﬁ% é‘iodw@e@é‘ y‘éggi i F%l{l%qtécf t{%{s ad& (Ijlepdn%se separation
(VIPS), thernsailhgirade tediph asersdgaratioad §HS)e tyicreghpd [t ysuistredstimg, itk sy lbgat evaporation
(dry casting). RELPNASE HP{%E%QP&HT%%H&%Q}&M&F&H%‘,"%%Tr %%%%Hgﬁ P%ﬁ%%&?%&ﬁﬁ of immersion

coagulation. In these tecehnlques, an 12 initially homogeheot's polymer sollition becomes
thermodynanPdailydFadEne kR to different external effects, and induces phase separation into a

polymer leanphege andriz@ehenienpriicohassed hpreebrariorel phaséanms iheimattoal dig membrane,
and the polymer lean phase h?é/g?)%increased levels of solyents an%non-solvﬂe{nts, ?ﬁ)rms Rj-le pores.

[0053]In one MisHa éeté’(t,ﬁ}ﬁ?q 'egétﬁ?gswbﬁ@ﬂlwb%% QUi ﬁ)p('i%?’ﬁg H%] eteHB ﬂ]i%’r, a solvent,
a pore formecaatimgttiing aget,caual yoptiosE Ly ansroadir doaiptieshof zshpohsobrestlisipnepared by combining

and mixing the ingredi rabl ! t ' ion is filtered to

remove any L B B, S R R RIS, om i castor

extruded ontéeAAIBEEHBIEBIEANRAPAEINESIg B fNPERGERIBY AhenBembyphie il C8R8r more

additional caghngeaabutiaBssKRFATIPMRS %Mé@@k@@ﬁéﬁ%?@i@%ﬁ}ﬂ%fﬁﬂm}%?@@ﬂ is allowed to
FEd

set or gel as a phase inverted membrane. TE@_ set membrane can be i&parated from the template and

leached to re GheClioaR LB OP SR g RERIHEAT TIPS 488 Embrane can be
removed fronods]te mp@latarieef aiepotythemgpledaisngk Siiabkparaischmzvintne aad bee dined;nor kept

wet. [0054]17 gepitesh CANRAREHARHMHEr SHBLGAS AP MARBEMEA QR PRSI Rprerdance

polyaromatics; sulfones (e.g., polysulfones, incigdaromatic polysulfones such as, for

example, polyethersulfone, polyether ether sulfbmghenol A polysulfone,
polyarylsulfone, and polyphenylsulfone), polyamideslyimides, polyvinylidene halides
(including polyvinylidene fluoride (PVDF)), polydies, such as polypropylene and
polymethylpentene, polyesters, polystyrenes, pohmaates, polyacrylonitriles (including
polyalkylacrylonitriles), cellulosic polymers (suels cellulose acetates and cellulose

nitrates), fluoropolymers, and polyetherether ket@PEEK). Polymer solutions can include



with embodiments of the invention, wherein one layer or membrane comprises an embodiment of the
membrane as described above, in combination with at least one other layer or membrane. A variety of
casting techniques, including dual casting techniques, are known in the art and are suitable. Preferably,
the two or more layers are cast before phase inversion. 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, Rh3RFBYPEBRAHERSE B/l SRBISHRIGY 2RISR extrusion die or

slot coater, comprising a casting chamber into which ing formulation (solution comprising a

polymer) can¥ET PRI EEYARE R FeeBOM BT Hid¥deke through a narrow slot. [0055]The present

invention furtfggapyovidasaadieion, éng-oarfiles gelyitersypoaleaippielutdeviceoaistos atmeertbrane

module comprisin%one or more me branes of the present inventign. The evicF can be in any suitable
one solyent, and may rurther comprise arleas solvent. mtabesgvensmclud% or ..
form. For example, the device can includeé a Tilter element comprising the membrane’in a substantially

planar, pleqt@k,ammmrdimethyl fgrmmfdbdﬂimléhﬂ,\lthlec@mhmldm@Mé@olhbwgbmbralIy cylindrical
form. I desirgd )R geyi M ?HIQ{HQI%U?_IB{M@T gemrohngeminationiih srgtreag and/or

downstream support or rainaae a%ers. he device can include a plurality 'of membranes, e.g., to provide

a multilayered MESMERHRHE e RRivide 2D FhERBrHIRhALRIAR dduBRUES HeEMembrane module
forduse in mes-:rtbtr@tﬂ?I ﬁb@maéawaplilwdéih@rr@ﬂmpl@e?/@mtgﬁml myr@%b;{yaﬁls;]dm heygsing Snd
endcaps to prqvi id se a S inlet and at least one qutlet. The devjces can be
consiructed DO AC UG S R A Nk RO S E e Re PS8 R iy, the
fluid to be treeted mathbeqhmpfoiseﬁmpﬁlQaah@dmydnmqnbdﬂehmmmsshﬁfaw()65ga,rWherein at
least one corgpopeit and{RL LAUHAN LF fag fid RESSRS tHf{?Hg&ﬂo hél Hp REbLARG ARRLaLIGRRE Qe other

component and/or portion of the fluid passes tangentlalliiI upstream surface of the membrane), or
passed perpSHIFERIANG ESIEHE PHEMPPAEQNGabE ¥ RINEhER TSI AEDHATYE 8FRIBIG: AR AHDrane Either

the first or the gecendisdE ek ican dfditteU RRiRRRIGH EARRIdEItHefiEBIcHaéaepdatirag tbe fluid to be
treated, when opers?ting in any of the filtration modes. [0056]Membranes according to embodiments of the

invention canﬂi)eéed) ed in a variety of applications, including, for example, sterile filtration applications,
filtering fluids[@0bthe eldctesitid mdaktipnfitaripgsihgds folytherpleetfanceoticeenin sxanfitteriogefluids for
ihe food and BeerRdm ISR IRHIRAURD Jloring BURAIY oPRGL AL AIN arlligRean ot
filtering cell culture fluids. 0057HT e following examples further illustrate the invention but, of course,
should not betIiiiF REP £ TAPANI PP 16l rrg RZOH B A NMNERR2ERA H PHEE AR de iR An 88 thaving

Iocz;dized asy%aimgtﬁaﬁcﬁ%ﬁﬁ@éﬁ?%ﬁaﬂwmnﬂaﬁiN%fé@ﬁﬁr%&ﬁ@ﬁ%@ﬁ?éﬁhﬁ@ﬁaﬁw%ﬁ&w%@#ts. |
pre etermine eometries complementary to t esired iocalized as _mmetrles, whereiln the temp ates
G o B RN KSRGS et R TR e S Bt

are preconditﬁ8 wit I&e
preconditionguoideonpifitadd @58 Hiateadlvitidtr deipte briit@dated [ R ute polgntemsatytivis ietagednce.

e T RS R T S
the preconditioning material with respect to thetgolymer solution, regulates the phase
inversion process from the template surface torttegior of the membrane.

[0052] Typically, the phase inversion process involvesiogor extruding a polymer
solution into a thin film, and precipitating thelpmer through one or more of the following:
(a) evaporation of the solvent and nonsolvente#¢posure to a non-solvent vapor, such as
water vapor, which absorbs on the exposed surfegguenching in a non-solvent liquid
(e.g., a phase immersion bath containing wateroaaother non-solvent), and (d)
thermally quenching a hot film so that the soldypitif the polymer is suddenly greatly
reduced. Phase inversion can be induced by th@neeéss (immersion precipitation), vapor
induced phase separation (VIPS), thermally indytdease separation (TIPS), quenching,
dry-wet casting, and solvent evaporation (dry cagti Dry phase inversion differs from the

wet or dry-wet procedure by the absence of immarsaagulation. In these techniques, an



[0060]The substrate is embossed polypropylene (BP100P, 5.0 mils; Bloomer Plastics Inc., Bloomer, WI),
which is treated with PEG-400 (liquid at room temperature, viscosity at 25 C = 90cP; boiling point 250 C)
to provide a preconditioned template. A polymer solution including polyether sulfone (PES) as generally
described in U.S. Patent 4,964,990, is cast on the prezonditioned template, and the polymer is
precipitated by vapor induced phase 14 separation. The polymer solution temperature and casting

temperaturesrﬁﬁal%gm%%feﬁi{ox%'9@%\%%diméesmm@y%m&n;wm@radé &t C, and the

relative humidiﬁ/ Is 75%. The formation time is about 10 minutes. The membrane is leached, separated
from the temPIEREEANEXRFIBE 66 TFGERdUces BRARRIPRPAINNR ShRYERSYrEsR BYRA) ¥bRing a
cross-sectionsdlyiar sizaVptngs8rsTas pegamdipoiinne 0b e fisst s orfarerné thieranemrans the two

portions having diferent pare strustyces whelelp e frsiyriace hes logalized asympety
complementary X0 the predetertined geometry 8fNe eMpiate, Wherei tha ER B8 SHENthe second

surface of thd(PRshbraireoie0bEFafivetediaLSEM shibwgingltiupview ssiutienh containing Biwing first
and second pofaRs of L, 13! SYERE BRSNS ahiTBE R QF A SV 6t opmplementary

to the predetermined geometry of the te_mplaatareT.éj[OQG_ The mean pore size of the pores in the first portion
of the first suFRIMBNtHeRBPRERCOTY IO MIRIABI A coRtag i RGaME Hre BoPIgHtAN B! btp¥ RS LIring

membrane fagngivatas dateerrasanihy $brifiNG plhetedambaeba) i ihie dirsh meaitdoicsiag), and the
mean pore size of heqﬁﬁéﬁg in E?e. second pﬁ]rtion%f the first surface g(ipe ggrtion %the membrane not
e

) r
contacting thgrb?& P 8% BLAVRRNQ0H ge & %gasl%“ ‘?;L%rne FARNIS eby the SEM photo is
about 0.5 umpféeosditionedrieanpptr s Wiz atpriovickinig arstiecdt APptorjab4nhemenn pddgisirg of the

pores in the SecaRl sHIASR.As SeLRIBIRG Y IR SN BARIRIFIDMA TR e meapegore Size),

both in the portion Of the second surface opposing the Tirst portion of the first surface, and the portion of

the second siftfeRieChgEbMY PRESEDREYOFBRBIARR fiFFESTPARRE FAB PAREBRIACHIEIR Piste size of the

pores in the figshpratticm@idbeHést s vsineed eHbednNeAn NAr@iEROhdIe Menes [@ltbmaseandipyrface is
100:1, and the ratio of the mean pore size zf thegiores [ tth sgﬁondéwrti(ﬁH th]e first surfacg to the
3'°66

no
mean pore si%%tm‘?ﬁg)ba&%g‘m Hwergghoalr%i $th eigeg?gq. f‘ﬂq {ﬁf’b 8 bé‘[ﬁla%a{ﬁée rst portion
of the first sunfecebamuethersee oine ¢ urfadepisvabout 20 % greater than the thickness between the second

portion of the[gégh]surf%ﬁe%ﬂ%&h@o?ﬁ%g%s&”&%edual cast membranedegrovided in accordance
with embodiments of the invention, wherein one tayyemembrane comprises an
embodiment of the membrane as described abovenbioation with at least one other
layer or membrane. A variety of casting techniqireduding dual casting techniques, are
known in the art and are suitable. Preferablytteor more layers are cast before phase
inversion. A variety of devices known in the aahde used for casting. Suitable devices
include, for example, mechanical spreaders, thafpeise 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.
[0055] The present invention further provides a deviag, . filter device,
chromatography device and/or a membrane module Gsimgp one or more membranes of
the present invention. The device can be in aitglsle form. For example, the device can
include a filter element comprising the membrana substantially planar, pleated, or spiral
form. In an embodiment, the element can have lawalenerally cylindrical form If
desired, the device can include the filter elenreicbmbination with upstream and/or
downstream support or drainage layeffie device can include a plurality of membranes,

e.g., to provide a multilayered filter elementt stacked to provide a membrane module, such



EXAMPI F 2 [0066]This example demonstrates the preparation of a membrane according to an
embodiment of the invention, using another template substrate having a predetermined geometry. 15
[0067]The substrate is a woven fabric having a pattern of 1,600 raised regions per square inch (Saatifil
105/52; SaatiTech, Shawnee, KS), which is treated wgh PEG-400 to provide a preconditioned template. A
polymer solution including PES is cast on the preconditioned template, and the polymer is precipitated by

vapor induced PhaseRSRERAARRRUI R MSBRY AsBraAc R RERGERIEHI R it laeakRis., and dried.

[0068]Figure 3 is a scanning electron micrograph (SEM) showing a cross-sectional view showing first and

second portiGRS S YREEARY SRR O HbASHRESARRT AR it perbasiietlre £LIRRSIAR he first
surface has lptelizad aswasnety coeplerneniavicts hizghieraieimivepgaameityoetiba iemplate. EXAMPI

F 3 [0069]This exa demaonstrates the preparation of a membrape according to an embodiment of the
invention, usi%r?g? ennrcﬁ%?glrotvé'rﬁnﬁg?eagu\%%trg eJaﬁa?%cgwsqgaet‘e R l?¥$ pFe%%'r‘?éﬁigfg\etr \%ﬁ 8a|cr)1r880nditioning

material to prosssech wﬁm@@faaem%iﬂ@@ medﬁaﬁn@@gﬁpvﬁmwlr{mmSﬂMSUbstrate is flat
stainless stegl, Anasie: CoRIBINTRABE Gr OIS YL & Lohofip AR mBISERSIDA Nar Y24 BB YR 0lution =

20 cp) mixed with acetone is printed onto the stainless steel in a predetermined pattern and provides a
preconditioné@TPRPRIIEAAIESIPRIEP- ALHBHIHEIBaTRE PIEaaEa b HRRE GHECHHIRESRIdN8 mplate, and
the polymer impreisinitajedr payvenppingeseid naas eosppareicialiitecrsaomranars iRa¢hedseeparated
from the temﬂ%?ct)%’gﬁ%edr%eegﬁbrane. Either the first or the sdcurface can be the upstream surface,

i.e., the first surface facing the fluid to be tesh when operating in any of the filtration

modes.

[0056] Membranes according to embodiments of the inverdgonbe used in a variety of

applications, including, for example, sterile filion applications, filtering fluids for the

electronics industry, filtering fluids for the plnaaceutical industry, filtering fluids for the

food and beverage industry, clarification, filteriantibody- and/or protein-containing fluids,

and/or filtering cell culture fluids.

[0057] The following examples further illustrate the intien but, of course, should not
be construed as in any way limiting its scope. sehexamples show membranes having
localized asymmetries can be prepared using atyarigemplate substrates with or without
predetermined geometries complementary to theeteBicalized asymmetries, wherein the
templates are preconditioned with a preconditiomragerial before casting a polymer
solution over the preconditioned template.

[0058] In each of Examples 1-7 and 9-13, a polymer salusaast once.
EXAMPLE 1

[0059] This example demonstrates the preparation of twmlngnes according to an
embodiment of the invention, using a template sabstaving a predetermined geometry.
[0060] The substrate is embossed polypropylene (BP100mmis; Bloomer Plastics

Inc., Bloomer, WI), which is treated with PEG-40igid at room temperature, viscosity at
25° C = 90cP; boiling point 250° C) to provide aqanditioned template. A polymer
solution including polyether sulfone (PES) as gathgdescribed in U.S. Patent 4,964,990, is

cast on the preconditioned template, and the palysnarecipitated by vapor induced phase



[0071]Figure 4 is a scanning electron micrograph (SEM) showing a cross-sectional view showing first and
second portions of the first surface, the two portions having different pore structures, wherein the first
surface is essentially flat. [0072]The mean pore size of the pores in the first portion of the first surface as
determined by the SEM photo is about 5 um, and tha@4nean pore size of the pores in the second portion of
the first surface as determined by the SEM photo is about 0.5 um, providing a ratio of 10:1. [0073]The

mean pore size At g POt iﬁbﬁpﬁméﬁ§8ﬂﬂoﬂiféﬂ9ﬁeﬁ§tl%t%ﬂobfe%r%_é'ﬂ&ﬁ‘@’b@@?‘a & akoy};0-2 um, both

in the portion of the second surface opposing the first portion of the first surface, and the portion of the

second surfat8'PPosiAgANEeISRH PN BE Rt rEPelR{S ThePdiB B A RIHSSANTHERY Size of the

pores in the fisyportierferbedir shse! iéagsota 1oriheuReyeFintbeaneas nshsbeihcseisa?atdd fRoehih@ ratio of
the mean pore size of the pares in the second portion of the first surface to the pores in the second
surface is 2.5°1" é%&ﬁﬁ‘fiﬁ'ﬂ 074]This example demonstrates the preparation of a membrane according
to an embodiifesi] of tHedgniehtiva, sesingizmeteeirapmytsogrepbsitathéiviry cignedetimmtaid yeometry.

[0075]The sulglaiy 5 SMPRSSSRE YBFAMEESISRSHIGSHIPS R MR, BIRILIDdeakd with

propanol to provide aﬁéeconditioned template. A polymer solution including cellulose is cast on the
preconditiond{YEH slhiereah AarR SYBIGIES I hIEh the BBlasspest ecRlFs A asY M M embrane is
leached sepasetasidraentdr tenmelpiedanshiied. geometry ofahmlate, wherein the SEM also shows

the second surface of the membrane.

[0062] Figure 2 is an SEM showing a top view of the membrahowing first and

second portions of the first surface, wherein tret surface has localized asymmetry
complementary to the predetermined geometry ofdimgplate.

[0063] The mean pore size of the pores in the first portibthe first surface (the portion
of the membrane contacting the preconditioned satestduring membrane formation as
determined by the SEM photo is about 20 um (tle firean pore size), and the mean pore
size of the pores in the second portion of the §usface (the portion of the membrane not
contacting the preconditioned substrate during ntan#formation as determined by the
SEM photo is about 0.5 pm (the second mean poeg, gimviding a ratio of 40:1.

[0064] The mean pore size of the pores in the secondceuam determined by the SEM
photo is about 0.2 um (the third mean pore siza)) m the portion of the second surface
opposing the first portion of the first surfacegdahe portion of the second surface opposing
the second portion of the first surface. The rafithe mean pore size of the pores in the first
portion of the first surface to the mean pore sizthe pores in the second surface is 100:1,
and the ratio of the mean pore size of the poréisarsecond portion of the first surface to the
mean pore size of the pores in the second suraZ&il.

[0065] The thickness between the first portion of thet Stgface and the second surface
is about 20 % greater than the thickness betwezadbond portion of the first surface and

the second surface.
EXAMPLE 2

[0066] This example demonstrates the preparation of a meralaccording to an
embodiment of the invention, using another tempdatestrate having a predetermined

geometry.



[0076]Figure 5 is a scanning electron micrograph (SEM) showing a cross-sectional view showing first and
second portions of the first surface, the two portions having different pore structures, wherein the first
surface has localized asymmetry complementary to the predetermined geometry of the template.
[0077]The mean pore size of the pores in the first pargon of the first surface as determined by the SEM
photo is about 5 um, and the mean pore size of the pores in the second portion of the first surface as

determined by,éagy SEMRhetR 4% YO VER RPN HRG R Al@ddddo FARERI TdgomeparRefgfize of the

pores in the second surface as determined by the SEMé)Qhoto is about 0.2 um, both in the portion of the

second surfabdpaiil e/ fits G b T wRgss it c@,@ﬁlﬁ?ﬂ"@%‘ﬁfﬂibﬁﬁﬁtﬂ%os@c@ IdGiface

opposing thegeeondifnidoneaihedirst sorfare.sbheisatinmbiPe Sigasnpse sieeaidbedpviesdn the first
portion of the firstlsyrface tt% the Pores.in the.se[\grpn surface is 251, and the ratio af the me%pﬁﬁore size
r 1.

of the pores iff T2 S6cand PorioN OFtha first BUAace o 1 68?32 e e "SEER Rl At TS 12 ExAmPI

F 5 [0079]This ecshgrle stpaatetrfes the iempatatiandiidethembrane according to an embodiment of the

invention, US'[_'F@G%]‘OthEffiéﬁ%%ﬂ?ﬁ%ﬁg&%ﬁg@ﬂﬁ?ﬁ@%ﬁq8@0&9%@1@?&%@?5\%3‘9 is

embossed polypropylene as described in _ vith DMAC to provide a
preconditionE QARSI St ANFSIORMICRAHRISIALINGIAG! B9eb(NBRYS PRSI Vi E5HIRRY&emplate,
and the polyrsgndsupsecipifated Mednensiiage The memBsanmisieachprkraepaigtesitfiom the template,

and dried. predetermined geometry of the template.

EXAMPLE 3

[0069] This example demonstrates the preparation of a meralaccording to an
embodiment of the invention, using another tematestrate (a flat substrate) that is
preconditioned with a preconditioning material toydde a casting surface comprising a
predetermined geometry.

[0070] The substrate is flat stainless steel. A pastéatmaing PEG-1000 (solid at 25° C

or less; viscosity in 50% aqueous solution = 20mped with acetone is printed onto the
stainless steel in a predetermined pattern andgesa preconditioned template. A polymer
solution including PES is cast on the preconditibteanplate, and the polymer is precipitated
by vapor induced phase separation. The membrdeadked, separated from the template,
and dried.

[0071] Figure 4 is a scanning electron micrograph (SEMshg a cross-sectional view
showing first and second portions of the first aoef, the two portions having different pore
structures, wherein the first surface is esseptftdt.

[0072] The mean pore size of the pores in the first portibthe first surface as
determined by the SEM photo is about 5 um, andrtban pore size of the pores in the
second portion of the first surface as determinethe SEM photo is about 0.5 pm,

providing a ratio of 10:1.

[0073] The mean pore size of the pores in the secondceuam determined by the SEM
photo is about 0.2 um, both in the portion of teeasnd surface opposing the first portion of
the first surface, and the portion of the secomnthse opposing the second portion of the first

surface. The ratio of the mean pore size of threpm the first portion of the first surface to



[0081]Figure 6 is a scanning electron micrograph (SEM) showing a top view showing first and second
portions of the first surface, wherein the first surface has localized asymmetry complementary to the
predetermined geometry of the template. [0082]The mean pore size of the pores in the first portion of the
first surface as determined by the SEM photo is abowg5 um, and the mean pore size of the pores in the
second portion of the first surface as determined by the SEM photo is about 0.5 um, providing a ratio of

10:1. [0083]Tihe Byyal iAQHe SEEALIEGRRER BEihesrrtpdandaneasirtesminaaiy dhrSkhYhahoto is

about 0.2 um, both in the portion of the second surface opposing the first portion of the first surface, and
the portion oFEROSERMREPERTALE WShERIRF e Y2k BREFHETRBROOLLALITRSE &Kifack. The ratio of the mean

pore size of the pores in the first portion (the first mean pore size) of the first surface to the mean pore
size of the pores in the second surface is 25:1, BAdMiURaHo of the mean pore size of the pores in the
second portion (the second mean pore size) of the first surface to the pores in the second surface is

2.5:1. EXAMRIO74 [0084{d bieaxaaiendasiensy aiepibparstiparatiametevesrdngne agcording to an
embodiment of the inventiQn, using another. template substrate having a predetermined geometry.
[00851The B SRS S PAERLORs GRSBADET T ESCIRME G2 TS LT BAGF (borting poin

153 C) to progédenatpyeconditioned template. A polymer solution including PES is cast on the

preconditionggdinplaie, 2 ugdle-polBRHSRERARIARb K NERY dadkRd phaReISRRLATEN. The

membrane is leached, separated from the template,” and dried. [0086]Figure 7 Is a scanning electron

micrograph (SENBGWHIREGREERII8-BEMIDR A RIBHPRAGAIEG AL arft RAVEEH SUWIOAI I YREGrst surface,
wherein the fgshfgEaeedaas dAahkZe@ asyRIvey eaipRIRMEN Rl itethe pradetateltgdserentetry of the

template. evaporation. The membrane is leached, separatedtfre template, and dried.

[0076] Figure 5 is a scanning electron micrograph (SEMshg a cross-sectional view
showing first and second portions of the first aoe, the two portions having different pore
structures, wherein the first surface has localesgnmetry complementary to the
predetermined geometry of the template.

[0077] The mean pore size of the pores in the first portibthe first surface as
determined by the SEM photo is about 5 um, andrtban pore size of the pores in the
second portion of the first surface as determinethb SEM photo is about 0.5 pm,
providing a ratio of 10:1.

[0078] The mean pore size of the pores in the secondceuam determined by the SEM
photo is about 0.2 um, both in the portion of tbeond surface opposing the first portion of
the first surface, and the portion of the secomnthse opposing the second portion of the first
surface. The ratio of the mean pore size of threpm the first portion of the first surface to
the pores in the second surface is 25:1, and tleeafthe mean pore size of the pores in the

second portion of the first surface to the porethansecond surface is 2.5:1.
EXAMPLE 5

[0079] This example demonstrates the preparation of a meralaccording to an
embodiment of the invention, using another tempdatestrate having a predetermined
geometry.

[0080] The substrate is embossed polypropylene as dedaritiexample 1, which is

treated with DMAC to provide a preconditioned teatpl A polymer solution including



18 EXAMPI F 7 [0087]This example demonstrates the improved throughput/reduced fouling using a
membrane according to embodiments of the invention compared to conventional asymmetric membranes.
The results are shown in Figure 8. [0088]A membrane is produced as described in Example 1
(represented by the symbol "N" in Figure 8). The metmbrane is 8 mils thick, having a water bubble point of
70 psi, and a water flow rate of 37 ml/min. [0089]Additionally, 3 membranes are obtained: A

polyethersulfeqessymmeirialid HHERAIRREE WRRRIA GG Mok WigkdBP e ARG PSi, water
flow rate 25 ml/min (SUPORO 200WE4; Pall Cotﬁoratlon, ast Hills, NY) (represented by the symbol "-"

in Figure 8); a9S/EFELIARS folfatisduitnuasdHirBiieisgued deethembranes: an 8.4 mil thick, water
bubble point @i, watrlew KtestArnifgisl@syvnmethicgmnemsEns)Ehy B IRQisrashy@y0; Pall

Corporation, East Hills, NY i?rg resented by the symbol = in Figu eS%an%a .7_mil thick, water bubble
ot 68 por S8 R 2l S5 T e s ermee (B S bbb, Laet it NY)
(representeddsytiveelyyrtashplemSiganets thi 08g] Elecmiot thedppethe febratads. is placed on top of a

polyethersufg aymmisteia 7o Bote iR BeEbIARGBUPBRARDAYERaU Lorporation, East

Hills, NY) in 47 mm disc stainless steel housings. [0091]A 5% bovine serum albumin (BSA) solution is

prepared in RESHITEREA NS R RVEMIGRCLE PNEEPRI RO B8 PHERERMES B1ANEm pore size

membrane, asutstitrgdrinlst heunss009248 94 i rasseeibrapghjhetoierabsanesinine housings using
a SciLog0 ACCUTecTm Sq/St%E%Q? erated in accordance with the manufacturer's instructions, including

providing deigmi"éjmgté? o) ut followed by BSA throughput.
[0083] The mean pore size of the pores in the secondceuam determined by the SEM

photo is about 0.2 pm, both in the portion of teeasnd surface opposing the first portion of
the first surface, and the portion of the secomnthse opposing the second portion of the first
surface. The ratio of the mean pore size of thhepm the first portion (the first mean pore
size) of the first surface to the mean pore sizghefpores in the second surface is 25:1, and
the ratio of the mean pore size of the pores irsédmnd portion (the second mean pore size)

of the first surface to the pores in the seconthseris 2.5:1.
EXAMPLE 6

[0084] This example demonstrates the preparation of a mamlaccording to an
embodiment of the invention, using another tempdatestrate having a predetermined
geometry.

[0085] The substrate is a woven fabric as described impl@ 2, which is treated with
DMF (boiling point 153° C) to provide a preconditerl template. A polymer solution
including PES is cast on the preconditioned terepland the polymer is precipitated by
vapor induced phase separation. The membranadked, separated from the template, and
dried.

[0086] Figure 7 is a scanning electron micrograph (SEMshg a cross-sectional view
showing first and second portions of the first acef, wherein the first surface has localized

asymmetry complementary to the predetermined gegroéthe template.



[0093]The raw data including time, mass of collected filtrate and pressure from both the water and BSA
runs are used to plot graphs such as flux versus time, throughput versus time and flux versus throughput.
Vinax is calculated by taking the average of the last five throughput data points in the throughput versus
time graph when the flux decay is > 80% from the augage of the first five throughput versus time data
points. The flux decay is calculated as the difference between the average of five initial flux data points
and the last five data points in the flux versus thrqughppiggraphs. 19 [0094]As shown in Figure 8, the
membrane according to an embodiment of the invention exhibits higher flux and throughput compared to

the other met(}]B es. JIEh)l(éAgél(I;I Flg 095!1@61 X mPrlr? }:Ioevrggriﬁrt(r)%tgs a guglfoclalsﬁt rr&esmbrgne according
to an embodiment of the RVEAIGN. [000 & S0t AP Ern0sy mbosse p%lyprc?pylene (as
described in Feanipdand pogbidistorembddiith e Heonveptovipe ediecondiitinaal wsyiplanelria first

polymer solution}iBEdNgRESLERS harilQvh RESSplds content) is cast on the preconditioned

template, and a second polymer solution including PES (greater than 10% PES solids content) is cast on

the first polyrH&I88blutidh MERRPEINGHS TS AHeCEFERHIERSH IR M IREkAssH s H4uetae S¥mben. The

membrane is igaipheiduseBprated fiembhmécaplaiis sk dnigeh [OA8Y Htipbre Sbistasrapiingrelectron
micrograph (SE ?@f a crossfi,h ctiﬁ?nal view of the dual layer membrane, showing first and second

portions of th& 3l QUERE SF tHe gt"r%iyer, the two portions having different pore structures, wherein the

first surface Ha88¢calizéddisyraliye fyreontpiae atargtiaitred pré geiyethibencgoomettyaal the pemplate, and

also Showmgﬁ@ﬁe %%%Wﬂng%@%ﬂ lﬁlgk water bubblep68 psi, water flow rate 25 ml/min
(SUPOR® 200WE4; Pall Corporation, East Hills, N¥gdresented by the symbek=" in
Figure 8); as well as two polyethersulfone asymio&tpore size membranes: an 8.4 mil
thick, water bubble point 65 psi, water flow raeml/min asymmetric membrane (SUPOR®
machV C200; Pall Corporation, East Hills, NY) (repented by the symbolk™ in Figure
8); and a 4.7 mil thick, water bubble point 68 p&ter flow rate 37 ml/min asymmetric
membrane (BTS-55; Pall Corporation, East Hills, NMpresented by the symbal™in
Figure 8).
[0090] Each of the four membranes is placed on top oflgefizersulfone symmetrical
0.2 um pore size membrane (SUPOR® 200WE4; Pall&ation, East Hills, NY) in 47 mm
disc stainless steel housings.
[0091] A 5% bovine serum albumin (BSA) solution is prephiredeionized water,
stirred overnight at room temperature, filteredtigh a 0.2 pum pore size membrane, and
stirred for 18 hours.
[0092] BSA is passed through the membranes in the houssigg a SciLog®
ACCUTec™ System operated in accordance with theufaaturer’s instructions, including
providing deionized water throughput followed byAB&iroughput.
[0093] The raw data including time, mass of collecteddtkt and pressure from both the
water and BSA runs are used to plot graphs suflmasersus time, throughput versus time
and flux versus throughput. )\ is calculated by taking the average of the last fi
throughput data points in the throughput versug tymaph when the flux decay is > 80%
from the average of the first five throughput varsime data points. The flux decay is
calculated as the difference between the averafjeeoinitial flux data points and the last

five data points in the flux versus throughput dnx@p



[0098]This example demonstrates a membrane according to an embodiment of the invention can include
silver, providing a bacteriostatic or bacteriocidal membrane. [0099]The substrate is embossed
polypropylene (as described in Example 1), which is treated with a solution including PEG-400 and NMP
(1:1 PEG:NMP) having silver powder (5%, 1-3 um) added thereto, to provide a preconditioned template. A
polymer solution including PES is cast on the preconditioned template, and the polymer is precipitated.

The membrapgizleaciiedyRanairicgre® e IREHRhARLEF Y IBRHIN R By HSPREHYE < Tay

Spectroscopy (EDS) is carried out, and it shows that silver is present in the surface of the membrane
having the loBXHRIE Q@?ﬁﬁf&%‘)ﬁ@gﬁm%ﬁﬂ@ﬂ%ﬁp{ﬁ%@%F@&H@hﬁ%’é‘@@@ﬁ%etry of the substrate, and is

present at a higher concentration than at the other surface of the membrane. 20 EXAMPLE 10 [00101]
This example demonstrates a membrane accorBgNd&’bh 8mbodiment of the invention, including silver,
provides a bacteriocidal membrane. [00102] The substrate is embossed polypropylene (CH200CN, 3.4

mils; Bloome[datsstics 1ihgs, dianpierdaifidnetriessis o ated svithembeinbaig el 4eh_ehB&m#00 sind NMP
(1:1 PEG:NNHE% having silver powder (5%, 0.5-1 m) added thereto, to provide a preconditioned template.
oluti

A polymer s SNt ﬁalng PES is cast on the preconditioned template, and the polymer is precipitated.

T_he membrat@%]leacf_ihd,ss@wmﬂe@ amhmmm@wmwmmmm@mma@.@um pore
size. [00103], Gherqy-HISResshith FER. RIEGORIRRY {bRebimicad HahaW. a0q Lshawsdnat silver is

present in the surface of the membrane having the localized asymmetry complementary to the
i

predeterminetP YEOMEWHBING £ BIKRRENAh4UY FTESeHR BEFHIgR SREbARERE RIRAPBEHPABthe other

surface of theempraky e O PpBIGHREEANIDN IFRIGYEY HeSHe carsied @atrrth shrballenge

organism, using a commercially available 0.45 pgre size mjxed cellulose membrane, a. membrane
prepared as 8@& ﬁﬁ‘d el é)ﬂ(i i

%Q Lia B HIFSEBRIBISh RTINS BRUNORY IS BEFUPAAEIREMSIIFFthis example,
wherein the sotstedtemteatmuhmithra Jolatioentchrding |Pé&GedcahilddMe trrhplites ainsildeegowder.

100105 The sl shevshabesrubxefhfRlBsEMATAGARS flewtsiad colams oy fg contol

membrane allows uniform colony gro ross the s the ‘'membrane including silver does not
allow any col8R§! dppavtmambianpLghawing first and second guustof the first surface of the first layer,

the two portions having different pore structusgBerein the first surface has localized
asymmetry complementary to the predetermined gagroéthe template, and also showing

the second layer.
EXAMPLE 9

[009g] This example demonstrates a membrane accordingéméodiment of the
invention can include silver, providing a bactetai or bacteriocidal membrane.

[0099] The substrate is embossed polypropylene (as desdribExample 1), which is
treated with a solution including PEG-400 and NMP. (PEG:NMP) having silver powder
(5%, 1-3 um) added thereto, to provide a precaonttil template. A polymer solution
including PES is cast on the preconditioned terepland the polymer is precipitated. The
membrane is leached, separated from the templadedréed.

[00100] Energy-dispersive X-ray Spectroscopy (EDS) is edrout, and it shows that
silver is present in the surface of the membraminigathe localized asymmetry
complementary to the predetermined geometry othistrate, and is present at a higher

concentration than at the other surface of the nmanab



[00106] This example demonstrates a membrane according to an embodiment of the invention can
include a positive charge, e.g., for use in removing negatively charged materials in a fluid. [00107] The
substrate is embossed polypropylene (as described in Example 1), which is treated with a solution
prepared as follows: 1.0 G Gafquat-755N (CAS: 53638-54-8) is dissolved into 5.0 g deionized water. 0.8 g
PEI-750 (CAS: 9002-98-6) is dissolved into 30.0 g NMP (CAS: 874-50-2). The two solutions are
combined and mixed, and 0.4 g Heloxy-67 (CASx 2i#9-£9:§) is added. The substrate is treated with the
resultant solution to provide a preconditioned template. A polymer solution including PES is cast on the

precondition late, and the polymer js reC| itated. Them mbra e sleach (?Ilseparated from
the templatee[gn%jllc}[rle 60%%? ed(r%errq {raraaréeél)s su rrrﬁ%erfigée of @Fﬁlnu esdln a negTe |ver charged dye

solution (MetiwigMiliow OyeingGiyan m@m@sladwmat@lmmroscope photos show the dye is
present in theggEgce efihe mar eyl dinad ETPEIAGHB RGO A he

predetermined geometry of the substrate, and is présent at a h| her concentration than at the other

surface of théNhreRIBRARRY, MY NfRIEE ig 3 ?@@@%tﬁﬁ§%mﬁ@m&%t@%§%ﬁrﬁ@ﬁﬁbﬁﬁe according to
an embodimere ofNIMPIWaIHE S BAST [Elitée BROBe gh@reaummf%Lgﬁ@wméemmmmﬂlaauely

0. which s GEAEFwith YIS G I PPE AL G oA AL QL0 TG A e /BRted witn
the resultant BolymenJE[QID&dJm]tatq:tblyfhemellnllummmlsli&ﬁngeﬁaﬁtsid&smahetherméttandmbdmﬂtemplate
and the polymeL is, BiasiRiateg gl@ezr%m@g § leached, separated from the template, and dried. The

membrane has a 0.2 um pore size The membrane is submerged for 60 minutes in a negatively

charged dye KE81#Ri&n (ﬁ%@é@ﬁf@%ﬂ%@'@y@ @M PPRFIFPSEIOHifel N At qe ttHeand hBRAME i@ ached in a
solution of deippizesippatenandrveiinnd ovaieneshanahdlign. Ikiowed Ly Gigiefized water leaching and

drying. [00113 ital microsc tos show the d e is present in the surface of the membrane having
tho tovalivedt SUHES Lo L BRI YHE ARG G PO G o8 e b ARG is precent
at a higher canoertraditontean st tihe other snlmfmrfeabftltieermawmbrane [00114] Additionally, FTIR analy_S|s_
of a control '186;1 ne@ PRI R gsstl Y a‘?h@&g&?WI% H@am mb@"@ lacks cationic

functionality an membrane wit aposmv arge as cationic functionality. EXAMPLE 13 [00115]
This exampleCa@REHERA Y allatber ) AnRCsR Siraif<es 4% EalRetiriane. ¢t fReTiaREdHeRaaAd@Ede a

negative chagés 6bdfBho\aE BhEEAHRBIRASH BRI & PrepadunataNipticlt atddth this example,
wherein the substrate is treated with a solutiefuning PEG-400 and NMP, but without
silver powder.
[00105] The results show that the mixed cellulose membadlog/s defined colony
growth, the control membrane allows uniform colgmgwth across the surface, and the

membrane including silver does not allow any colgrywth.
EXAMPLE 11

[00106] This example demonstrates a membrane accordingeémaodiment of the
invention can include a positive charge, e.g.uf® in removing negatively charged
materials in a fluid.

[00107] The substrate is embossed polypropylene (as desdnbExample 1), which is
treated with a solution prepared as follows: 1.G&quat-755N (CAS: 53633-54-8) is
dissolved into 5.0 g deionized water. 0.8 g PE)-{BAS: 9002-98-6) is dissolved into 30.0
g NMP (CAS: 874-50-2). The two solutions are cored and mixed, and 0.4 g Heloxy-67
(CAS: 2425-79-8) is added. The substrate is toeaith the resultant solution to provide a

preconditioned template. A polymer solution inghgdPES is cast on the preconditioned



22 [00116] The substrate is embossed polypropylene (as described in Example 10), which is treated with
a solution prepared as follows: 2-Acrylamido-2-methyl propanesulfonic acid, hydroxypropyl acrylate,
N-(isobutoxymethyl) acrylamide, 2,3-dibromopropanol, ammonium persulfate, sodium metabisulfite, and
dextran, deionized water, and methanol, forming a 684 solution, is combined with NMP (CAS: 874-50-2) in
a 6:1 ratio. The substrate is treated with the resultant solution. [00117] A polymer solution including PES
s cast on thagpgepdlionaik EOIIAP AL MRABN MRt SRIRE IRt S dpaimkang s dgached
separated from the template, and dried. The membrane has a 0.2 um pore size. [00118] The membrane
is submergedSBPEIEANGEEES a negatively charged dye solution (Methylene Blue, 10 ppm in deionized
water). The nesndBRneTisd eash@einedsseliting g ¢ eipnz edrnvaieinaheipiirangbibiesetinarol 40:60),
followed by deipnized water eactl:) and drying. [00119] Digital microscope photos, show the dye is
oresent in ind Qe R e e B A TR o S R P R e
predetermingd presertiy ibktherfadesofdle meinisrpresemtiadaihighe aspmeeeimatiom phemeattang tother
surface of theuebraen IO gobALHS srancesniiciingREblications,mateoh arplisriiptmRad patents,

cited herein are hereby incorporated by reference to the same extent as if each reference were
individually aHt¢ SYeRiRHIRCHaldAR BN ENBEAMRorporated by reference and were set forth in its entirety
herein. [00121] The use of the terms "a" and "an" and "the" and similar referents in the context of
describing the invention (especially in the contd&xXAMReHdIbwing claims) are to be construed to cover
both the singular and the plural, unless otherwise indicated herein or clearly contradicted by context. The

terms "comprigingg] "havirdexainelecivehoithicoAlaaING A€ dederdreysdiiediae mnsmended terms (i.e.,
meaning "includirflﬁ,gbut nat Ilﬂgifed to," unleﬁ%otherwis noted. Recitation of r n(g%es of yalues herein are

merelyintend@ée BkRdES ﬁo%tﬂ% BV o e n'ﬂ rﬁﬁ?\%ﬂ&ﬂfﬂ?ﬁé‘éﬁ %rg e value falling

within the rangetavialisss atteidvise indicated herein, and each separate value is incorporated into the

specification gg\if; it;were Indiy; reci ' ' i petformed in
any suitable gr%&%nl_e@%%ﬁé?vﬁ%g fé%?ﬁg%#ﬁgﬁﬁkég%%}ﬁvﬂi%Efggﬁailﬁgg%ﬁglgc%gg @)ﬁ Ic{E‘)Io?_ri%ext. The use
of any and all'éREaH IS, DFARERTPRPP AL Gadgite sertPedTipta - pldiRdeipFiERAAS fsantemyald therely to

better illumingde thgntZdly@ntion and does not pose a limitation on the scope of the invention unless

otherwise clajmed. No language in the specification should be construed as indicating an n-claimed

element as elbiihl (AR YRR PR EERACTE RO 251 ReYFRRFLIRBGHIRERE St 12 IRGention are

described hepailymecisdirer ihicatzest Tede dmovanddd tearbepziats ddraartyinig optatee amdehieoh. Variations

of those pref%rﬁgqneépﬁ%%ﬁﬁ%sm ﬁ%%pg gpparent to those of ordinary skill in the art upon reading
he inventors

the foregoing description. xpect skilled artisans to employ such variations as appropriate,

and the inverlf@slditenthRmp@higen AU GREIACEE Biietasde thaRlaskyeemclirysetsigbed herein.

Accordingly, thisdaventaawnsiedas ahmadiicatioas axtephiaralenisolthe sadietimatsluiraited in the
claims appended hereto as permlttegé}/ f;\l&)‘?l;cablglaw Mareover, any combination olf th(=hj
above-describeUrSHAREIPAH RuLimie\iRiErbana SoelRed Mk delrzsy Rt IeRtdRLnless

otherwise inchcalteldymerein or otherwise clearly contradicted by context. 24
[00113] Digital microscope photos show the dye is presetite surface of the membrane
having the localized asymmetry complementary toptfeeletermined geometry of the
substrate, and is present at a higher concentriditégonat the other surface of the membrane.
[00114] Additionally, FTIR analysis of a control membramelaa membrane with a
positive charge show the control membrane lacksmiatfunctionality and the membrane

with a positive charge has cationic functionality.
EXAMPLE 13

[00115] This example demonstrates a membrane accordingémaodiment of the
invention can include a negative charge, e.g.userin removing positively charged

materials in a fluid.



CLAIM(S): 1. An asymmetric microporous membrane comprising a first surface and a second surface
and an interior bulk defined by the first and second surfaces, wherein the first surface has at least a first
region and a second region, the first region having a first porosity comprising a first mean pore size, and
the second region haying a second porosity compriszg a second mean pore size, wherein the ratio of first
mean pore size to the second mean pore size is at least about 5:1. 2. The membrane of claim 1,

wherein the Tﬁ'ﬁfbﬁ firsi RRea b aPAR S8 HH HREREEO0H BISAhRLR SiégaekiFaseaRyUhArlis 3. The

membrane of claim 1, wherein the ratio of first mean pore size to the second mean pore size is at least

about 40:1. reategitha RHiee BreRArRshasdPltitis AR TRHY RS RANERE S aHlurality of first
regions and sngmmymgpynacrylat@ Nhgsoraxsanetiofipayryk ol claims thohropereinaihentirsusurface has

a predetermine ttern com I‘ISI the ISt re ndt e cond re e memb oy e of any
one of claimd’1: E»Bﬁl &ram the S& secon ur?a %gg)é EE)ureos‘r’\y, t:oan‘%r‘fgfrﬁ‘é‘ %O{htlf(;)émrme%n éé:e size,

wherein the ragiotisfithis fiesalpieeshvwithr&MPe(@AHBe $ﬁ|4€5ﬁwémﬁpbl’etmzeTheatulaaEamsmm@dl 7. The
membrane o(,\ﬁmytpé\?egmg.,pg%@]t@nwherem the second surface has a third porosity, comprising a third
mean pore size, wherein the third mean pore size is at least about 10 times less than the first mean pore

size and/or tHAGHA mARPERESoUIIORINEHIIIRG KR IR GARRN AN d s carfdbe size.

8. The membsaiyenef RyretipigketniMeelnfemibiartindhexcigignetcbetopendneriprteeging ahdae first
surface and L?E seco d surf ce |sga£CIeast about 10 percent greater than the distance between the second

region of the ({g%eh Ah& SecBhyRUEEE: 25 9.The membrane of any one of claims 1-8, wherein
the membrad@Qﬂdﬁ]prlﬁmmmﬂmuatwbrrba@ﬁdrfocmmﬁenﬂsrmnma'ﬂhengmm@aeluﬁcany one of

claims 1-9, Wﬁﬁéﬂi?lé‘ﬁ% %\%@bf@rﬁﬁlﬂqmaéiiﬁﬁ?z@d water). Thermbrane is leached in a solution of
deionized water and methanol (water:ethanol 40f6lihwed by deionized water leaching
and drying.
[00119] Digital microscope photos show the dye is presethé surface of the membrane
having the localized asymmetry complementary toptfeeletermined geometry of the

substrate, and is present at a higher concentrditégonat the other surface of the membrane.

[00120] All references, including publications, patent agagions, 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.

[00121] The use of the terms “a” and “an” and “the” anditanreferents 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 “corsipg,” “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 refemutividually to each separate value
falling within the range, unless otherwise indicBterein, and each separate value is
incorporated into the specification as if it wemdividually recited herein. All methods
described herein can be performed in any suitaiolerainless otherwise indicated herein or
otherwise clearly contradicted by context. The efseny and all examples, or exemplary

language (e.g., “such as”) provided herein, isndésl merely to better illuminate the



positively charged membrane. 11.The membrane of any one of claims 1-10, wherein the membrane
comprises a negatively charged membrane. 12.A method of making a membrane having localized
asymmetries, the method comprising: (a) obtaining a template having a predetermined geometry
complementary to the localized asymmetries; (b) applying a preconditioning fluid to the template to
provide a preconditioned template; (c) casting a polymer solution over the preconditioned template; (d)

optionally cagting,a8 dNRIERRIY RRESOIHHRASAVEG! the & I BB bhRdrRissiPitating the

cast polymer solution(s) to provide a membrane; and (Oseparating the membrane from the template.
claimed. No language in the specification sho@abnstrued as indicating any non-claimed
element as essential to the practice of the ineanti
[00122] Preferred embodiments of this invention are desdrifierein, including the best
mode known to the inventors for carrying out theemmtion. Variations of those preferred
embodiments may become apparent to those of oydakdt in the art upon reading the
foregoing description. The inventors expect sHligtisans to employ such variations as
appropriate, and the inventors intend for the iteento be practiced otherwise than as
specifically described herein. Accordingly, tmseéntion includes all modifications and
equivalents of the subject matter recited in tlaéncs appended hereto as permitted by
applicable law. Moreover, any combination of thewe-described elements in all possible
variations thereof is encompassed by the inventidess otherwise indicated herein or

otherwise clearly contradicted by context.



13.A method of making a membrane having localized asymmetries, the method comprising: (a) obtaining
a template; (b) applying a preconditioning fluid in a predetermined pattern to the template to provide a
preconditioned template having a predetermined geometry complementary to the localized asymmetries;
(c) casting a polymer solution over the preconditionegiitemplate; (d) optionally casting one or more
polymer solutions over the previously cast solution; (e) precipitating the cast polymer solution(s) to
provide a memgmr/pgg)and (Oseparating the membrane from the template. 26 14.The method of any one
of claims 12-14, wherein the preconditioning fluid includes at least one component for providing at least
one function and/or characteristic to the membrane.

1. An asymmetric microporous membrane comprisifigssurface and a
second surface and an interior bulk defined byfitseand second surfaces, wherein the first
surface has at least a first region and a secaidrgethe first region having a first porosity
comprising a first mean pore size, and the secegin having a second porosity comprising
a second mean pore size, wherein the ratio ofrfiesin pore size to the second mean pore

size is at least about 5:1.

2. The membrane of claim 1, wherein the ratiiref mean pore size to the

second mean pore size is at least about 25:1.

3. The membrane of claim 1, wherein the ratiéiref mean pore size to the

second mean pore size is at least about 40:1.

4. The membrane of any one of claims 1-3, whelerfitst surface has a

plurality of first regions and second regions.

5. The membrane of any one of claims 1-4, wheterfirst surface has a

predetermined pattern comprising the first regiod e second region.

6. The membrane of any one of claims 1-5, wheterstcond surface has a
third porosity, comprising a third mean pore sigberein the ratio of the first mean pore size

to the third mean pore size is at least about 100:1

7. The membrane of any one of claims 1-5, whelersecond surface has a
third porosity, comprising a third mean pore sizkerein the third mean pore size is at least
about 10 times less than the first mean pore sidéoathe third mean pore size is at least

about two times less than the second mean pore size

8. The membrane of any one of claims 1-7, wheterdistance between the
first region of the first surface and the secondiase is at least about 10 percent greater than

the distance between the second region of thesfirsace and the second surface.



15.The method of any one of claims 12-14, wherein the preconditioning fluid includes at least one
component for providing an antimicrobial function and/or a charge to the membrane. 16.The method of
any one of claims 12-15, further comprising: (g) leaching the membrane and/or (h) drying the membrane.
17.A method of processing a fluid, the method compe®ing: passing the fluid through the membrane of any
one of claims 1-11. 18.A method of processing a fluid, the method comprising: passing the fluid

tangentially to the figst surface rﬂEFHSrQP%‘BP@P%%ﬂE%NI%ﬂﬁsOI HalAE ferrtetbrarBebRgRigrgcessing a

fluid, the method comPrlsm passing the fluid tangentially to the second surface of the membrane
of any one offasighiogtatic or bacteriocidal mémbrane.

10. The membrane of any one of claims 1-9, whdfe membrane comprises a

positively charged membrane.

11. The membrane of any one of claims 1-10, whehe® membrane comprises a

negatively charged membrane.

12. A method of making a membrane having localeggmmetries, the method
comprising:

(a) obtaining a template having a predeterminedngéy complementary
to the localized asymmetries;

(b) applying a preconditioning fluid to the temglab provide a
preconditioned template;

(c) casting a polymer solution over the precondgit template;

(d) optionally casting one or more polymer solusi@ver the previously
cast solution;

(e) precipitating the cast polymer solution(s) toyide a membrane; and

)] separating the membrane from the template.

13. A method of making a membrane having localeggmmetries, the method
comprising:

(a) obtaining a template;

(b) applying a preconditioning fluid in a predetémed pattern to the
template to provide a preconditioned template hgaipredetermined
geometry complementary to the localized asymmetries

(c) casting a polymer solution over the precondgit template;

(d) optionally casting one or more polymer solu§@ver the previously
cast solution;

(e) precipitating the cast polymer solution(s) toyide a membrane; and

) separating the membrane from the template.
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14.  The method of any one of claims 12-14, wheite@npreconditioning fluid
includes at least one component for providing asti®ne function and/or characteristic to the

membrane.

15.  The method of any one of claims 12-14, whetteénpreconditioning fluid
includes at least one component for providing @maorobial function and/or a charge to the
membrane.

16. The method of any one of claims 12-15, furtd@nprising:
(9) leaching the membrane and/or

(h) drying the membrane.

17. A method of processing a fluid, the method casing:
passing the fluid through the membrane of anyafretaims 1-11.

18. A method of processing a fluid, the method cosig:
passing the fluid tangentially to the first sudaaf the membrane of any one
of claims 1-11.

19. A method of processing a fluid, the method cosig:
passing the fluid tangentially to the second suafaf the membrane of any
one of claims 1-11.



