1 MEMBRANE WITH MULTIPLE SIZE FIBERS BACKGROUND OF THE INVENTION [0001]Synthetic
polymer membranes are used for filtration in a variety of applications. However, there is a need for
membranes that provide sufficient strength and sufficient retention of undesirable material while providing
good throughput. [0002]The invention provides such membranes. [0003]These and other advantages of
the present invention will be apparent from the description as set forth below. BRIEF SUMMARY OF THE
INVENTION [0004]An embodiment of the invention provides a porous polymeric membrane comprising a

first porous surface; a second parensssusiace)vand N utkroel\geen theErS surface and the second
surface, wherein the bulk comprises at least first and second sets of a plurality of fibers, wherein the first
set of fibers has a first average fiber diameter, and the second set of fibers has a second average fiber

diameter, wherein the first average fiperdmierpsoar gerethay thergosond average fiber diameter.
[0005]In another embodiment, a method for making porous polymeric membranes including fibers is

provided, theL%EWOQ MNP S GORIEIh R RRMRES é?é‘ﬁ@h‘?Br"i‘iIﬁ‘%RBQRF'%FﬁHW‘EJPQp%]%HB%QhaSG
olution

inversion of the solution; and, queriching an upper portion of the s efore the solution reaches

thermal equillBPHYBY oI RrSHGSShiRoRRANR §h dA56 AsuitiEieR] Bl Rethrd fedisigddevices including
the membrar}@&@fﬁ)@r@\ﬂﬂggsﬁa%lglﬁ]%mamglgbk,@ﬁ@glﬁ@ﬁgﬁ;ﬁﬁL VIEWS OF THE DRAWING(S)

[0002] The invention provides such membranes.
[0003] These and other advantages of the present inventibine apparent from the

description as set forth below.
BRIEF SUMMARY OF THE INVENTION

[0004] An embodiment of the invention provides a porougmperic membrane
comprising a first porous surface; a second posousce; and, a bulk between the first
surface and the second surface, wherein the bufipdees at least first and second sets of a
plurality of fibers, wherein the first set of filsehas a first average fiber diameter, and the
second set of fibers has a second average fiberetés, wherein the first average fiber
diameter is larger than the second average filzanélier.

[0005] In another embodiment, a method for making poralgmperic membranes
including fibers is provided, the method compristagting a polymer solution on a support;
inducing thermal phase inversion of the solutiord,aquenching an upper portion of the
solution before the solution reaches thermal eayiuim.

[0006] In other embodiments, methods of using the memkrand devices including the

membranes are provided.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWG(S)

[0007] Figure 1 show an illustrative system for prepaengbodiments of membranes
according to the present invention, the illustratgstem including a water bath to heat a
stone having a cast solution thereon, the illustnadlso showing first and second air gaps.
[0008] Figure 2 is a cross-sectional view of a membraceraking to an embodiment of
the present invention, showing first and seconsl sktibers, wherein the first set of fibers

has a first average fiber diameter, and the sesendf fibers has a second average fiber



[0007]Figure 1 show an illustrative system for preparing embodiments of membranes according to the
present invention, the illustrated system including a water bath to heat a stone having a cast solution
thereon, the illustration also showing first and second air gaps. [0008]Figure 2 is a cross-sectional view of
a membrane according to an embodiment of the present invention, showing first and second sets of
fibers, wherein the first set of fibers has a first average fiber diameter, and the second set of fibers has a
second average-fiber 2KUARSIRE Mrhespindbe fsel avsrass iR udiamaleiolrioreiage fiesecond
average fiber diameter. [0009]Figure 3 is a cross-sectional view of a membrane according to another
embodiment §{REBFesent invention, showing first and second sets of fibers, wherein the first set of fibers
has a first avggeqs} fiberidiamstieraanosthesttionarael of theninacoringnd avetrrge fiber diameter,
wherein the figh sygrags [Pt diameter s latder thanihe aepond avprane fher diameter, apd yherein the
view also shows the percentages of the shown portion e membrane comprising the larger average
diameter fibess} tidisenaliaszyérsicry eiageetibefidemeteniive squisid geiahftber sdrge st endaller average
diameter fibegy[AGLGIEAAWEARA GIRSSIRARNING Miepagb mRRIRA0RATEONHRG e anaiher

embodiment of the present invention, showing first and second sets of fibers, wherein the first set of fibers

has a first aveV&sRIBIIREIIIHORIET aRME QKD HoEUe W HIBRS hEPSTSBREE RPE FAE SRR diameter,
wherein the fiisttReorgrelihemdiametmipirioghtaanrtie apeaicnaver fperibeedanaienansywherein the
view also shows the percentages of the shqw rtion of the membrane comprjsing the larger average
diameter fioet RSB Gr AUS SR AL 2 hHar et 2057 NG BR RT L PR amaler average
diameter fibef@OIDETAFBDOESCRIPISSRCOMANEWNY ENFION {00 acaootizice with an
embodiment gf 1 preseR} IKSHIABNARAAPORRATICARGIDIBRS S RIOMARICmEriHng it porous

surface; a second porous surface; and, a bulk between the first surface and the second surface, wherein

the bulk comprsesiRersfasinstisha uaondietsismemu Ay eaanskss! AHb1im hAS Argeedbf fibers has a
first average fibeiadiameiesiangidhesrsentiretieiibashainsreond Rrgerasaediegoater, wherein

the first fiber diameter is at least about 10% larger than th d fiber diameter.
100121 oY ERORAAL & Borb 1L HORRILAIE N BIERE Loh RH e e koot Aifface: a second

porous su rfawrmmdphtbelmemﬂymeel thenfirstirsyi theckarged m¢amﬂtdr§ilu_éamdhwpmlartheem¢je _comprises
a reticulate nglype0takISaghy S8 ABASES BothSAE 19 2 AlHANY S/ SABEMAHR iRk yherein, in a

cross-sectional view vertical to the porous surfaces, the first set of fibefs has a first average fiber
diameter, and the second set of fibers has aiicond I@/erﬁdlge fiber diameter, wherein the first average

fiber diameter is at least 10% IQ@ENHER RELBRE gér PN
[0011] In accordance with an embodiment of the presemntion, a porous polymeric
membrane is provided comprising a first porousamgf a second porous surface; and, a bulk
between the first surface and the second surfdoerein the bulk comprises at least first and
second sets of a plurality of fibers, wherein tingt et of fibers has a first average fiber
diameter, and the second set of fibers has a sen@rdge fiber diameter, wherein the first
average fiber diameter is at least about 10% latger the second average fiber diameter.
[0012] In another embodiment, a porous polymeric membcangprises a first porous
surface; a second porous surface; and, a bulk ketthe first surface and the second surface,
wherein the bulk comprises a reticulate networlitdéast first and second sets of a plurality
of continuous fibers, wherein, in a cross-sectiofgl vertical to the porous surfaces, the
first set of fibers has a first average fiber ditaneand the second set of fibers has a second
average fiber diameter, wherein the first averager fdiameter is at least 10% larger than the
second average fiber diameter.

[0013] In some embodiments, at least one set of the fibgrsrous.



[0013]In some embodiments, at least one set of the fibers is porous. 3 [0014]In an embodiment, the first
set of fibers has an average fiber diameter in the range of from about 5 m to about 50 um, typically, an
average fiber diameter in the range of from about 5 um to about 30 um, preferably, an average fiber
diameter in the range of from about 8 um to about 153um. Alternatively, or additionally, in an embodiment,
the second set of fibers has an average fiber diameter in the range of from about 0.1 um to about 3 um.

[0015]Typicajiypiie POINRRTRGMIREN GO MBY SE Rt MRMNEMBEAMS RIRIFARN nRUHANR

membrane, more preferably, a polyethersulfone membrane. [0016]Another embodiment of the invention
comprises a RISIABLARP Pro¢eBIMERL LAY, ie: HBIFRILY cARB4RIHeCH Siamriehin AlS angrighiam
embodiment ghdne ety aneutrsa preferederapipcdimesihépdisrathodicaneptsgs bitewngabut

inlccontaining fld by passing, i ihraugl. an smbodiment ol ihe membiane, 994 dinyet anotper
embodiment, a method Tor making porous polymeric mermbranes inciuding fibers’1s provided, the method
comprising céibtirghapalymearsghutiber cinmstespoithendhdmg tieonidl. phasddraasiénuon the solution; and,

quenching anger PRGRAN IR AUABREIRER aROLURRSACSHIBRIMALAG BRI e et

membrane can be separated from the support and leached to remove the solvent and other soluble
ingredients (AN RIS eMERAR i R RARONGHISTBRIRSARIASupport before or during leaching).

The separatgdongmbrane®an Setsbingent seplaveleRHIhPhescmbefinedice siviceingluding the
membranes are proyided. For example,.in one embodiment, the. membrane is arranged jn a device such
that it 1 i e D TR B AeSLR VB, T Fh OA PR R RS AT R SARa I Btivoly i an
embodiment predevid avhydlivesta thkenetpslite fupriaks diltiHrningr;ah@iciygs lileddoym@ising # housing
containing in%%n%ﬂmggmgﬂmgi%m%\éﬂg an ink jet nozzle, and a filter comprising an

embodiment of the membrane across a fluid flow path between the ink and the ink jet nozzle(s) via the
port. Optional§P%Ae delidERMBIRIMRPEIRR]e BRI {0 PRASEORRIMRYIRIIG G TRIABRM.
[0(?19]Adv?]nia@@u@wmy{@@rdvlﬁg}hrmmm 'h grwiiﬁg? @fg@?ir@iaéﬁﬁltlﬁﬁﬁ @arﬁtswg@mtded, us;]ng
polymers that are not ICa melt-blown, without t need to ble olymers. In another a vantage, the
P brames AR B RS R L o AT R SR R S bTE ERHET W rovidiae
good throughgnittivvithefespdut tintojeteqpicatimisal gauiiculdr ehee tmeeniiveares czaplier egpartidhess,

Carvation an e B o N otorint compared to
(alternatively, the set membrane can be removed the support before or during leaching).
The separated membrane can be dried, or kept wet.

[0018] In other embodiments, devices including the mendsaare provided. For
example, in one embodiment, the membrane is ardaimge device such that it is in the ink
flowpath between a reservoir of ink, and at least imk jet nozzle. lllustratively, in an
embodiment, a device comprises a filter capsulénfoyet filtration, the capsule comprising a
housing containing ink and having a port commuimggatvith an ink jet nozzle, and a filter
comprising an embodiment of the membrane acroksdaffow path between the ink and the
ink jet nozzle(s) via the port. Optionally, thevai® comprises an opaque housing to protect
against UV-light intrusion.

[0019] Advantageously, polymer membranes including a fityraf fiber diameters can
be provided, using polymers that are not typicaiBit-blown, without the need to blend
polymers. In another advantage, the membranesdarsufficient strength and sufficient
retention of undesirable material while providirmpd throughput. With respect to ink jet
applications in particular, the membranes captarégbes, preventing or minimizing nozzle
clogging, while allowing high flow, preventing orimmizing nozzle starvation and allowing

more complete emptying of the ink cartridge, witteduced footprint compared to



4 conventional membranes for ink jet applications. Without being bound to any particular theory or
mechanism, it is believed larger particles are retained by the larger fiber structure, and smaller particles
are retained by the smaller fiber structure. [0020]In view of the strength of membranes according to
embodiments of the invention, in some applications, the membranes can be unsupported membranes.
[0021]Membranes according to embodiments of the invention can be used in a variety of applications,

including, for &xRmmien 1iehMPRIERYONR KIS AR ARMGhAliRgERgISARA) @E&ﬂ&'ﬂ@”gifor

example, sample preparation and/or diagnostic lateral flow devices), filtering?flui for the pharmaceutical
industry, filtefMRPAURITIBFMRBRERILSARTIAYSHSATHERRAREB: IRbAed Ry S drrgatidhenskugtye.
intravenous aplisaligies palsielichidingalios e samelenittsitgromiegical fluids such as blood (e.g., to
remove leuk ), filtering fluids fqr the electronics industry, filtering fluids for the food and beverage
incusty, claniatbn, (ARG Sy T Heaieen oo remee e et Be ¥y in s,
cell harvesting, sma¢orfitteatignse thaumam ihaicss Adte treatingigghsmenddidoasally, membranes according to

embOdime”t?d?fztﬁe INYROHBR.FRE Q&Hﬁﬁﬂg‘?of o8l A A A%ARCENLADCEEEGH LVarRiyg

applications (e.qg., allowing air and/or gas, but not liquid, to pass therethrough). Membranes according to

embodiment£BPRRIPRE NS BEnBERXSEWIR AR EAPBlIgRS IS HRIALANY Du AIRH RGices and
products, sucpphcdoexanleiaphithalkaie plrgiaa Meqshegien KXB]AmyRestibesairalthevierm "skin” (in
the first and/oy second..'microporous skin surface") does not indicate the.relatively thick, nearly impervious
et of poly eV B 4 LB S R RS2 A e e SR R ity thi
porous surfawﬂﬁa@@ml(&m@ﬁﬂrﬁp@ns pagin i vatiabks ma:khésme'ﬁheqo@peﬁ@mmmaerlying
microporous fegien-may he deRameesis ASIATAMIEhSIBlss dhaty the sk RolesdeRege

embodiments of membranes according to the invention wherein the first microporous skin surface has a

pore structuréli@igg BUHe A" forceigebPiies indusinling yidrdasttiedaed @ng PR RS Jistestive) of the

second porousesiitiassn, tieeaRpeFitb dage Aidhe premisarmiierisrRroRe PesRIESHIiACRIGRY be referred

0. a pore S0 eR TR B PEGH S TG, B O o R S HeR LR oxarmple, U.S.

(Patent ?‘,340mé91bmaWdiWtownwvinwmenémmmmnh@mm ﬁltmea'n dhﬂq(opg&s(Ml;lTi)( SLiJZE)

e.g.,wnhenc : : Y/ OrfolK, ,
9 Qﬁ&?&l_%%m% lrﬂﬁé'@ %R%Hg@@ pr@g)%ég%‘%@p@}é}é’é‘(ﬁé(n%%f’&é%,%&ﬁ?ﬂﬁ |?c§9'ﬂ0td\'

or a porometer availa er the trademark orometer.com; Belgium)), a pore rating, a

pore diametePq&StherpiEroeaa) a YRR IRTRLAXIRE T SN BTEY the i vaNHeas BB PhussHdRanple,
U.S. Patent 4,948 6RdeRiceiNipeal dainaifjrireidyies Ginatl ovs, e Rassagestherpierapaithafriee or more

materials of interest as the fluid is passed through the porous media. The pore structure used depends on
the size of théuﬁgﬁ%lg? B@'utilized, the composition of the fluid to be treated, and the desired effluent
level of the trgaged] fluidhd 0824 |Adreipotioe sesurfakas (f tihe fivenanEpresrchimticrop@oyseiiable mean pore
size, e.q., as fetermingaLoy, fofaiamlf. cAIGHANNG, AR RS R Y B I PR L SEM
micrograph aggé%x xag(ar?fﬂr?:étl{gn. Typlcf'j"llf(‘:?,1 at %&;@{%ﬁ%t r%%:ro%%gquz sgﬁéﬁ%ce{ﬁgs% mean pore
size of at leaa¥RititN WM aAMEHREBATHIIRIRARS MisRRAMNEFSHEtBIYKin ISy AR LY FafRean pore

si;e of at |eaﬁﬁ’éé}kt9}étrﬁe§@'n% Gﬁbﬂsﬂ%@i&rﬂ@f %hafﬁ‘t’@l%. thﬂé"}ﬁﬁ@so@ff méi&ﬂd%frﬂ/"lﬂgﬁecond
microporous surface is greater than the mean pore size of ;t%lggf#st n];é:rog)orogks sggface. In some
embodimentdTHERUEHRASHIRRBANORR LA TNz AR AR RIS CIDAT, o RAEARB% b um. or at
least about 28cume. é’rypt&ﬁﬂ;enmeumampmeesiaeanfrdnﬁgseabmm:@emmmu suirfeapmisun the range of
from about 2Q,4m.fn.about10014m: JBABRRENE BUK RidRSIRERIRRACIRLIRERHBRILRU Rf gontinuous

fibers (sometimes
(e.g., a mean pore size) of the second porouscgyrtiae opposite face of the membrane (the

second porous surface) can be referred to as thedooarse pored skin surface.

[0023] The membranes can have any suitable pore struetgrea pore size (for
example, as evidenced by bubble point, or byaK described in, for example, U.S. Patent
4,340,479, or evidenced by capillary condensatimn porometry), a mean flow pore (MFP)
size (e.g., when characterized using a poromeiegx¥ample, a Porvair Porometer (Porvair

plc, Norfolk, UK), or a porometer available undee trademark POROLUX



referred to as "strands" or "fibrous elements"). By continuous, it is meant that the substantially all of the
fibers are integrally interconnected (e.g., formed together) without using a separate binder or separate
binding material. The fibers elements cannot be separated from each other without tearing. Additionally,
the first and second porous surfaces (preferably micmporous skin surfaces) are continuous with
substantially all of the first and second sets of fibers . [0026]A variety of fiber diameters (e.g., average

finer diamete(s) s eiéi 2Bl Beemh9 M BBre phiRgARRRARSRIEGE A uERHoBd Bihg he

embodiments can include a Zlura ity of sets of fibers having different fiber diameters. Fiber diameters,

including avelRfliifsePald e s asHeserired i s BBRERAPE R RhALFEMME! &finer
example, by usingesotivaoe 45068 8% frisexgapiercavaiiaftiebiomohMatiiiéatis O @ rddRELAS), or Nikon
(e.g., NIS-El nt)) or by manual measurement. Typically, embodiments of membranes .incl at least a
fret ot and 4 LU SR RBUED B P R R e A R T R B R S e
range of fronpabimlesstametotiizedt B aampgsitaiyoathadse titaiediane tbeidebisedhatiki@itfrom about 5
um to about 3Q, U+ preferably @ng 6 average fiber diameter in the range of from about 8 um to about 15
um, and the second set of fibers has an average fiber diameter in the range of from about 0.1 um to about

3 um. [0027]W9Rrand$a B RYRGHEARDOEIRFRR TR RREMGRATGN EERNRRCERPRIB S GEfiRsE set of fibers
(e.g., larger aysctrRasrRiastels flnassiitprecanclirtingftibaelogacimniliersauefage stegraier fibers). In one
embodiment, the ratio f%rgggﬁr average diameter fihers:| qer verage diameter f.ibersfis 2:%.

10028] Typical CIRABRAT DR RTATTCARR VBIEN R 1SSl IELORHRS SRS ER B out 70 um
to about 300 amgpreperatsizénaiet teasjeabbfichuabolt Soteeineaiisuhe30nmiJeReMMeakbranes
according to giphodiments ot the Buerioncandiaradial apamesengdRrifanss SypRaRnEEicroporous

skin surfaces wherein the first and second surfaces have mean pore sizes that are substantially the
same, or sonBe&MBBERMERS 3N terRBRAHBICERRP IAFSH TRBEEpfIba R iR R MYPL IR RIES O ERs surface

and a second;Reralscpdiass ifaesnea e supes Enaiigithentsaaish R RS fo1Has 8 IGARFERthaES a
microporous skin surface%co trLsin pores )Te/herein tq%%et}%%ur ce g{f)s z%ljmean ore size that is
greater than {Hgarﬂggﬁep% & 8 Githe B8Péél'nWWe & s SKRCQIMACE. ngbranes
according to eizghotiineests wfdineiénmeoTtior skin berigotrdyia {tiue pdfeostrabtute?3 |@sseniadlytthe0same

through the hulk of the membrane), anisotropic (e.g., the pore structure decreases in size from one

portion or surface to another portion or surface; or the pore structure goes through a minimum pore size
at a position V{08 thefﬁﬁtl@ﬁ&;gfd\“ﬁw@%fﬁ@@@@pi@’ﬁ%ﬁftﬁ&ﬁ@?%% eepRfiRess (Banssraestructure is
formed as anréf@esiaio s edriat pasietibibiruabiiaBuk@htitifeMbiaratPthitiRessome embodiments,

ettt T N e A O T T el

have a MFP siiegé atleastabouted amsefaratcaonule) canleiakia bberts1dlaments gaeatebe separated
from each other without tearing. Additionally, test and second porous surfaces
(preferably microporous skin surfaces) are contiusuwith substantially all of the first and
second sets of fibers .
[0026] A variety of fiber diameters (e.g., average fibemnaeters) are suitable for
embodiments of membranes according to the invenéiod embodiments can include a
plurality of sets of fibers having different fibdlameters. Fiber diameters, including average
fiber diameters, can be determined and/or caladilaseis known in the art, for example, by
using software (such as, for example, availablmfkdathWorks® (e.g., MATLAB), or
Nikon (e.g., NIS-Element)) or by manual measuremdiypically, embodiments of
membranes include at least a first set and a sexetraf fibers, wherein the first set of fibers
has an average fiber diameter in the range of ibout 5 pm to about 50 um, typically an

average fiber diameter in the range of from abquirbto about 30 um, preferably, an



[0032]Isotropic membranes (and some embodiments of multitropic membranes) according to the
invention have first and second surfaces comprising microporous skin surfaces wherein the surfaces have
mean pore sizes that are substantially the same. For example, the second microporous skin surface can
have a mean pore size that is about 1 to about 1.2 times the mean pore size of the pores in the first
microporous skin surface. [0033]Anisotropic (asymmetric) membranes have a pore structure (e.g., a

mean flow pofg-siaf) HiseY ddHERY AN e theRUK b ANSHBGRRRIAMRUE 25 GAMIPIE (iR B8RN BBSiZe 7

decreases in size from one portion or surface to another Bortion or surface (e%., the mean flow pore size

decreases fréPEiRd1aD SMAF 3R IEITOHISMEIRE R AOMF Brtih B AR EN Mowever, other

types of asyruogfy are/entsanassecbyirembedimeniaching invenioaambavthargorgisizefgoes through
a minimum por%sfi%% at)?eoosifion within the tk icknes§¥%rthe asxrggtw%tfrjfﬁ)(reng brane. The asymmetric
ra

membrane can Have an s'&fagfg%oa}\éesr,? egr'ésll |8F1 foFrato . This asymme[ry g3k 5e' %gégﬁ/réagoey, for

example, corfigeamigigthibarampore sinbasiinerd, i oatssnfalter avaragatiraratenfibetsdargein pore size of
the other majé\?e?%lgé‘%‘?a?rfé{b? ppembrape. [0034]In those embodiments wherein the inventive membrane
comprises an asymmetric membrane (and some embodiments wherein the inventive membrane

comprises a HB#fropicd WA ameM e BrPFEROUS Sifave MRNEIRELCHBRES MalAREPAIRHN pore size

that is greatefrgaatibet meamperatkize 3T hen prefciabieifitatysierararaasoskisosuasetoricaly, the
second surface has a mean pore size that is at least about 1.3 times the mean pore size of the first
surface. In sote embodiments, the mean pore size of the second surface is at least about 1.5 times, or at
least about 2[6628%, thé/iemarapeseaasizedifthio firebedifadeatsfot hreanyslieimhbee éirgjeand fecombout 3 to

about 15 times, e mea AL 78 Ab RS L i asR 00 ARIAR RRIaaRAUS - memRanas agcording to

the invention provide good throughput (flow rate), typically, at least about 1500 ml/min@4 inches water
pressure, prefefapIpOL fbzast Ko et ©subSANHRNG2E SeRBRNMREa hrdiERenEs pHORBPRtRRSStRAY, or

additionally, mgrekyairgsaeaeedioen i9isney B VRRIOPOAAYS shdt]thaPsHensNRITUaBerRIeS snrednhMP) of
about 150 Pasc:ﬁl %?@%or Ieris?;%grefe({)ablgl aboui 125 Pa or less. For exa%ijle in some embodiments, the
TMP is in theARge OFABolIEst f8 A BAEH0 BAA 6 5 R ROLONE i 5Y B TRECRVEHESIY can have a

water bubbleguoét, oftertaashalseat2d sndhes basvatmed0pEpaivagtagErusy) the miemnpsreaizbe
tailored for p%‘fﬂﬁ%‘%?é%‘%‘ﬂf%%%t microporous skin surface.
[0030] Membranes according to embodiments of the inverdéimbe isotropic (the pore
structure is essentially the same through the biitke membrane), anisotropic (e.g., the pore
structure decreases in size from one portion daserto another portion or surface; or the
pore structure goes through a minimum pore sizepatsition within the thickness of the
anisotropic membrane), or multitropic (e.g., theepstructure is formed as an irregular or
regular pattern through the bulk of the membrane).
[0031] In some embodiments, the bulks of membranes asuptdiembodiments of the
invention have a mean flow pore size (MFP sizéh@range of from about 1 um to about 20
pm. In other illustrative embodiments, the membsanave a MFP size of at least about 8
pm, for example, at least about 11 um, or greater.
[0032] Isotropic membranes (and some embodiments of muydit membranes)
according to the invention have first and seconthsas comprising microporous skin
surfaces wherein the surfaces have mean poretbaeare substantially the same. For
example, the second microporous skin surface ces aianean pore size that is about 1 to
about 1.2 times the mean pore size of the por#ifirst microporous skin surface.
[0033] Anisotropic (asymmetric) membranes have a poretire (e.g., a mean flow

pore size) varying throughout the bulk of the meamler For example, the mean pore size



[0039]Each of the components of the invention will now be described in more detail below, wherein like
components have like reference numbers. [0040]Preferably, the membrane is prepared by a thermally
induced phase inversion process. During the phase inversion process, an initially homogeneous polymer
solution becomes thermodynamically unstable due ta different external effects, and induces phase
separation into a polymer lean phase and a polymer rich phase. The polymer rich phase 8 forms the

matrix of the gaembrane, and herR ANESEHRANR RBre.chAMIRA ForfisAsdIRKRls ff golRNRaRd

non-solvents, forms the pores. [0041]Thermal phase inversion can be carried out using a variety of

techniques aﬂﬂ%?&r&ﬁgeﬁéﬁ%%ﬁ?ﬁl o dhstHRF FedMRAMISE R R ol F BOMESEEATBNGFRIbBbIt thereon)
can be heatesLugiog). iINsirelvelyirrhgpisdPaskmertiysiaBpaasethey bewedmbitstofaliid circulation
system, or a watertibﬁtré. Tym(éall I,ethtlermal é)sh srgdnpl/%r%iﬁ)r% isogarsriggl é)tuatl ugisq 2 %wpeéﬁture of at least
about 80 F, p'Pé’ era ly, aPleast About %%qg and I 90Me emrB)ocﬁments, 8t183SPAnIT'S Ig, for at least
about 30 secthcld)gaefd thielpsstarwitiabtamB&secdigsagymirimenp@rertaadiaeh))stitehignge of from
about 40 secggrsdo b SeraISTIRO4SRIRIEIIRYnTBEAENEY) 18Kk Bie Wb YAt HS applied

to the upper surface of the cast solution (the surface not in contact with the casting bed, belt, stone, or
support) befdREEPSHRSIER PERIMe 8 R SAIRRR MG A PR MBRRRB FHRRid s temperature

that is greatemiéjandtedesmienatuierabifgecasting bed, belt, or stone (or moving carrier or support
thereon) havi %%e cagr[tE olution thereon. In some e{}ibodim(?nts the quench liquid has atemg/erature

that is at lea utl Pesi&M %?f%e@i%m eraturecof the \éesﬁ]ne ) é\?,e rag{ﬁgr?&]emb ing carrier
or support thereoy e i@ dreocese stiatdionetite neberqindfer andpmendeiznalcontl BEagatdtifrapd in some

embodimentsyat 6513 25 6 T5a5ts LA VB ol RE ESRBREURATL Y EELR, e, sefution is cast on

a support passed over a stone having a temperature in the range of from about 80 to about 90 F, the
quench liquicPERR$T40am ienTRARDPESHT B IHEEABaE INEIENIRIBRSAHFHavERatRinDy e Xemplary
system 1000tgeawBdRd-iarERd fas L iaEsnCeo BRI MekaRlitiuis cash{dsing kit by dipically on a
moving belt/s%%%ort 10 fthat moyes over a %[one 10%11 in the castin(é?f cLirection %howfn tr)ey.the J?inggle arrow
on the stone)t rﬂt%“&%??enghﬁ?&qﬁa‘?wgg rﬂﬁgﬁsmt y aﬂ%%aﬁrsd%/?d éﬁesaet?r?g SHTRSPHR &Y ega e stone;
alternatively, ahesgtdricticoesd dvexhieats cibgu Sitig) dor theampples, sivteakthere icatirgd dhir(exasipiayn)),
such that the; Igul t [ I urface (e.g,
covered by tﬁgfgf&%ug?tﬁm(%?@%ﬁtg%@?I%Eigf%f]ﬁ%er IS c?%’tgc%gg) ‘ta)ilqtme %tu%ll\F &%4 If air velocity is
S

desired, the 30988 cafidManRiagesne b MSRORIMESIBGSRICIAE bR IGYRIIIPIKERLO20sh ns 200.
[0045]In somgiemkagiMeRtaI e MesBD ¥R CEIDOGRIPHAGINE S ARIS RYS (Fe SelleraribR), at least

about 2000 ml/min@4 inches water pressure.

[0036] Alternatively, or additionally, membranes accogdio the invention have a delta
P transmembrane pressure (TMP) of about 150 P@3apbr less, preferably, about 125 Pa
or less. For example, in some embodiments, the iB\NiiPthe range of about 30 to about 100
Pa.

[0037] Membranes according to the invention can have ammtbble point of at least
about 20 inches of water.

[0038] Advantageously, membranes can be tailored forqudati applications.

[0039] Each of the components of the invention will nowdescribed in more detail
below, wherein like components have like referemambers.

[0040] Preferably, the membrane is prepared by a thernrallyced phase inversion
process. During the phase inversion process,itillynhomogeneous polymer solution
becomes thermodynamically unstable due to diffeegternal effects, and induces phase

separation into a polymer lean phase and a polyictephase. The polymer rich phase



solution is spread in a layer onto a support, and a second solution is spread in a layer onto the first
solution, and the membrane can be later separated from the support after quenching. In 9 some
embodiments wherein the membrane comprises more than two layers, the solutions can be spread on
each other in the desired order. Alternatively, or addigonally, laminates can be prepared, e.g., as
described in U.S. Patent 6,596,112. [0046]The membranes can be cast manually (e.g., poured, cast, or

spread by hapghQatAAREFHGK BhETRRENLABLIARANGEINO iehn RRHLRD RAADEAMES LRFQBIO & MOving

bed). Examples of suitable supports include, for example, polyethylene coated paper, or polyester (such
as MYLAR). fROVENE GaA9HPRNERR) IBERRIGERORRIuding dual casting techniques, are known in the art
and are suitajge4) vareigrafdevises knervindie suteeanddeous adii@iaigsiingcisidableadavices include,
for example, meghanical spreadses. hat comprise spreadipg knives: dagtorlades, ap spray(pressurized
systems. Oneyexamp'le of & sprgading Fevide’ i an exPiaeh o ogsqo{ coater, ggmprlsmg a caSQing
chamber intobeHiehteteusiiniufsrativiion lisalinmnastingdming anmshanbeptezthdiyeiettraduged and forced
out under presayl B MBI R YA ol UAEN NRAITShaLM! AGERRThSILAoRY CRRRIG polymers

can be separately cast by means of a doctor blade with knife gaps in the range from about 70

micrometers @RRRIGIEEP IR EERIUIRE E tRIREIFIIEERE RRAYESPo APEUP SO Rficrometers to about
150 micromeigrsodiheckiifegrpscasobegtifferesi ordhatizg andaesondepiuinns.|Ea8d8bdmasity of air
gaps are suitable for use jn the invention, and the air gaps can be the same for the same for the
PvesldootoRBRUES: S ARRTORE FULCH S ol LA G RAGE%: RARHBAS 3 inches to
about 80 incrsesomdse typically, in the range of from about 12 inches to about 45 inches. Typically, the

second air g3gs.@fe in hergaags, gl Ao ddEM o A0SR B Wpienadbirange of

from about 2 inches to about 12 inches. [0049]A variety of casting Speeds are suitable as is known in the
art. Typically (HRECR8lsHRlYedbeS i as8 AUND GRS BBCARAL BpniE e SORRItRNGHRPA gaps of at

least about 3yefdiesh 005010 Y AsiaiNeeS helviacegaikbiangHTalsy itab guius)indmadnyention, and are

known in the art. Suitable polymer solutions can include, polymers such as, for example, polyaromatics;
M TN g T s e e i ko e Pl

polyether ethearsielfonsubjsphireseAnpbiysatiche qaslyaryibalieoe, insopuhehbogimefdsdheolyamides,
polyimides, p&’dbé‘ﬂ(?b('lf&% Hé%"ﬁ?é%ﬁ@%‘@t%‘%% upride AR VIREN 1ROIAIGE uFé’ST'tﬁé_
polypropylene and 10 polymethylpentene, polyesters, polystyrenes, polycarbonates, polyacrylonitriles

(including poRRIRDHERA RRKHES)SEBRLIBS B PHNEhtars 8 EERP HS RSByt AiesCARHSCUIiMse nitrates),

fluoropolymetre fitsh NoyRiR@IR e iR (P IEE KD Jradvrer sotveiensheamiaptyds: frdkinsuebBolymers,

e, a ydroghobic BOTIET (€ s ST RONMEN KL & ST ORDNE RIS & ot passes

over a stone having a temperature in the rangeof fibout 80 to about 90 °F, the quench
liquid can have a temperature of at least about’E10

[0043] lllustratively, using the exemplary system 1000vshan Figure 1 for reference, a
polymer solution is cast (using knife 110), typigan a moving belt/support 10, that moves
over a stone 100 (in the casting direction showthbysingle arrow on the stone) and into a
guenching bath 150 (that may also provide a hediatly for heating the stone; alternatively,
the stone could be heated by using, for exampleaat one heating belt (not shown)), such
that the quench liquid contacts the upper surfé¢keosolution before the lower surface (e.g,
covered by the belt/support which can be peelethtd#f) is contacted by the liquid.

[0044] If air velocity is desired, the system can inclathe or more fans to provide air
velocity. Figure 1 shows six fans 200.

[0045] In some embodiments, the membrane can comprisertwwre layers, e.g., a first
solution is spread in a layer onto a support, aséc@nd solution is spread in a layer onto the

first solution, and the membrane can be later seépdrfrom the support after quenching. In



[0051]Typically, the polymer solution(s) have a solids concentration of at least about 10%. [0052]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-dimethylacetamide (DMAC); N-methyl pgrrolidone (NMP); dimethyl sulfoxide (DMSO), methyl
sulfoxide, tetramethylurea; dioxane; diethyl succinate; dimethylsulfoxide; chloroform; and

tetrachloroetlgne: anponiiEres WiRH R #ﬁ?&#@o%@&fﬁ(@?é&%@ﬁ&%@@ Rie YERIGONSEIRHS
polyethylene glycols (PEGs; e.g., PEG-200, PEG-300, PEG-400, PEG-1000); various polypropylene

glycols; variot€ SREBRBRD @fb‘?hrﬂ@ﬂdﬁdh%éﬁ%ﬁ REISF YSRGS RSP |13IBBIES ¢k BRols,

heptanols, angeiainls,plkangss it as bexaPaept@sRE Lnitropropane, heptanes, and octane; and

ketone, ether[?)@ esters such as acetone, butyl ether, eﬁh | acetate, and amglg et%te' nd, various salts,
a n¥X %d a an

such as calcium chlori e,erﬁnaegmnersamﬁns(:cﬁl%r[? eC, Shd TGy CRid 8;%% TS tered .TBE%@]H
desired, a sokartingeuifatsingr 2 polyaicradsidigtrrutedipeivestorastanide mawing heshe polymerization
initiators (e-%@Mp@&@d?%ﬁﬂﬁ@é&&ﬁ%@%l@cﬁ@mep%@ﬁﬁ ifRienaiRiada eége‘FPHﬂ ngﬁe.g.,

2,2'-azobis(2-amidinopropane) dihydrochloride (V50)), and combinations thereoft), and/or min
ingredients s(RYFRSs s and/or release agents. [0054]Suitable components of solutions are known

in the art. llluggoatrye sqluiORS\CONBREBHICIENYITEES, atlidusiiigrgplventitand aensabenta include
those disclosed in, for exampl; .S. Patents 4,340,579: 4.629,563: 4,900,449; 4,964,990, 5,444,097;
5 o6 455: 5 GO0 AL, et BT LRSS A Dr RSl PRt s with the
invention, in ﬁwwmﬂimntﬁumllﬂdﬁ@mler mbéap@ajmetbatmpﬂeerﬁnmaeliqad(bi@éermed
from the Sam&oEEHYB]S&@Q%?QBng ?@%H%H%Q’é?éiﬂ§!ty&ﬁ9$8\éﬁ% é\&%&Eﬁ B0k Ofsdifferent polymers

can be used for different layers. [0056] The membrane can have any desired critical wetting surface

tension (CWSFras b flifer itl ofsioai@im iR ISYI P fastinamiees 3o whisiCeReUIiRraIBaRY as is

known in the @Bgich,casnprdifigrapyigissipsad b fioraxand@rdéPomainnts prassifdhrowih3ar43, 11

5,472,621, and 6,074,869, For ag%catl}gi%?s wherein liqujd passes through the membragﬁ, the membrane
S

6
is typically hj&%fiﬂﬂ?é‘?‘hi'}fhsér%“ =3 VRS R26°5'RIfeHY 80> HEoMe embodiments,
the element sapa@&YShsif ibnugaes i (@ioturtiisde 10U Kk pminaheneeg dHoome e dor @ome other
application w, [ Lo h j lications), the
membrane cﬁiﬁgm’ﬁ?ﬁﬁ%’%“ a%gﬁ%rwg% %fﬁlggf t gﬁ@?@%ﬁ%&%ﬁ%@%@%@ N/cm). [0057]The

surface charéﬁl@ﬁﬂi@@"éft@lébﬁ@?ﬂ@ﬁbﬁ@&fﬁ%@r%oﬁ%@(@&?ﬁ%@@ﬁﬁ@@ﬂ@?ﬁ@ﬁﬂﬁde a surface
charge, e.g., &cpestivgI@idiegative charge, and/or to alter the polarity or hydrophilicity of the surface) by

wet or dry oxjdation, by coating or depositing a pol r on the surface, or by a grafting reactjon.
Vodiicatond Hhide, 23R A0 O O R E R TR Sni) ST RGO Burtace with
a charged poallyensareni ctreysag e dio ctienkivse sidatifoabieniddifdtach flygitatyl heofinss @indhpssurface.
Grafting reactjon: bV t | apor plasma,
corona dischgfg:aﬁ,] E@{?ﬁ@@;&g ggﬁ%%?ﬁggﬁéﬁtggr?ojﬁlr)ag\ﬁ@éeﬂ?ﬁzﬁ%%e%%%@ségfnt?]%r%o é?31’(r)|)é)us other
forms of radidfon abeBl 1R inabesciR mrRLb e dpdntorT YRiFHIR $RaSRThaleIRRTAE [00B8 R R/ Rie

comprising atigasiing MeeHIGasARCHIHaads, Aopamberinent PAABE of from about 2 inches to
about 12 inches.
[0049] A variety of casting speeds are suitable as is kniovithe art. Typically, the
casting speed is at least about 2 feet per mifiore)( e.g., with knife air gaps of at least
about 3 inches.
[0050] A variety of polymer solutions are suitable for use¢he invention, and are known
in the art. Suitable polymer solutions can inclyatdymers such as, for example,
polyaromatics; sulfones (e.g., polysulfones, incigdaromatic polysulfones such as, for
example, polyethersulfone, polyether ether sulfbmsgphenol A polysulfone,
polyarylsulfone, and polyphenylsulfone), polyamideslyimides, polyvinylidene halides
(including polyvinylidene fluoride (PVDF)), polydies, such as polypropylene and



invention can include additional elements, layers, or components, that can have different structures
and/or functions, e.g., at least one of prefiltration, support, drainage, spacing and cushioning. lllustratively,
an embodiment of the device can also include at least one additional element such as a mesh and/or a
screen. [0059]In accordance with embodiments of theinvention, the membrane can have a variety of
configurations, including planar, pleated, and hollow cylindrical. [0060]The membrane, in some

embodiments, h il RRIRAEG Uigaera e Rofkiis ligheas semaKsRon Bllue fhcalditg: elements)

can be utilized with a housing to provide a device such as a filter device. example, as previously

noted, in one@’%ﬁ%l?ﬁéﬂﬂ'ﬁ?@% cé%&‘ﬁﬁi@s%@%féﬁ%‘éﬂ%ﬁ%l?&%I@f@ﬁ"i‘i’iﬁ%ﬂaﬂ,Qﬂ@@éﬁsule comprising
a housing containing, iNkoapgoharite, and popstaLnitaticgoritE Q) iRkljehaozalgiardcarileamprising

an embodimenrtn oftltﬂe é?eg]bﬁger}% across a f lr,l(i)d rlilgﬁvycpao%Pthw%esnuLO% (ienko ndt eainn A’et nozzle(s) via the
port. Optionaﬁy, e Geviee Xomprisé%"an Jpaq%e ou%m)é ogp’rotec agaﬁwsyrﬂg-ligh intrusion. In another

embodiment,y@onbittbrahener fiter. coshpiisinyteddneelbrane is disposed in a housing, e.g., comprising
at least one ifdgsAnd af{pastone e WiRABALRIiAGs RhIgRSE BRIt tidPAth hebyseamig inlet and the

outlet, wherein the filteris 12 across the fluid flow path, to provide a filter device. In some embodiments,
the filter devié@%% sterilizable. Any housing of suitable shape and, if desired, providing at least one of any

of the followingoszjport |aadaigbrantons oLHedpaYyRtRINPisYarhdBped]kioadevsipgsea kedabricated

from any suitable rigid impervious material, including any impervious thermoplastic material, which is
compatble wiTFSRE it DLl BELeL OBy SRR CA R AT el Mecal, such
as stainless steame frimedhybipmeanioeq2]ViRe; sl dwling dwiampids {IMMEC)HDsIrEtdayhe invention but, of

course, shouldghdEqRaibEARRIARINETEINE &5, siopg{00GEI e far ligiied axpraples. a

system is set Up as generally 'shown in Figure 1, to produce membrane 300. Six fans are used to provide

air velocity. SURIYrv e Rt MUY 08 (CRIRMBEH MESRIENASHO PO RARE TATS ERAFHAIE demonstrates
the preparatigiepdst. nsmasRNEorceNEiRgitRIate, for exampieter; various polyethylene glycols

(PEGs; e.g., PEG-200, PEG-300, PEG-400, PEG-108€éipus polypropylene glycols;
various alcohols, e.g., methanol, ethanol, isografmphol (IPA), amyl alcohols, hexanols,
heptanols, and octanols; alkanes, such as hexapgamne, nitropropane, heptanes, and
octane; and ketone, ethers and esters such asegchtayl ether, ethyl acetate, and amyl
acetate; and various salts, such as calcium clelomégnesium chloride, and lithium
chloride; and mixtures thereof.

[0053] If desired, a solution comprising a polymer caritfar comprise, for example, one
or more polymerization initiators (e.g., any onarare 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.
[0054] Suitable components of solutions are known in the ldustrative solutions
comprising polymers, and illustrative solvents andsolvents include those disclosed in, for
example, U.S. Patents 4,340,579; 4,629,563; 4,89041964,990, 5,444,097, 5,846,422;
5,906,742; 5,928,774, 6,045,899; 6,146,747; andg[2D0.

[0055] In accordance with the invention, in those embodisécluding two or more
layers, layers of the membrane can be formed ff@same polymer and solvent, varying
the viscosity, additives, and treatment, or difféqgolymers can be used for different layers.
[0056] 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, fample, U.S. Patents 5,152,905, 5,443,743,



embodiment of the invention. [0065]A solution consisting of 11.0% PSF (P-3500), 2.0% DI water, 5.25%
PVP (k-90), 19.5% PEG200, and 62.25% NMP is cast on a moving MYLAR belt (at a casting speed of 4
fpm), using a casting knife having a knife gap of 13 mils and a first air gap of 32 inches. The fan speed is
60 watts, and the second air gap is 6 inches. [0066]Rallowing casting, the belt having the cast solution
thereon is passed over a heated stone (heated to a temperature of about 90 F) for 45 seconds and then

the solution ig ggonghedipy %‘,@f’&!@@@hiﬁSr%ﬂi&‘é{%M@\Fﬁ{&éﬁdWﬁHF&{gﬂ%%é%@ﬁ@?n\é/ater

contacting the top of the solution (the surface of the solution not contactiré? e MYLAR belt) before the

solution reacASESREREAPSYRIFRILMYA[EBBHiIFA RFYEE S HbR HEBINCHEN &f The TR YA &nbrane having

reticulate confiptgumfsamne isnsheuinéntsjgheceBriRAbBhE e OBl ojreagbnoiabe dirssantbsecond skin
surfaces, thamcre contlnurg_u%\é)vnh tgp_#grr%% andoﬁ]mall fi Jer§i | in.the range of fram aqut 5 t% about 10

IS
um. [0069]U5|ngms)c%rnrrrlllcr)1g election mlcrogrénp%s AR0TRRNGR y meas Lrlllrclllg 161kt it ersr,otll"‘% average

fiber diametetiseontelitager(and fmsietifiperplisdioon) mmenbrane ceppectivatpp[adia]Tagnaembrane has

a tensile strepgifsef @t 334 950@’3@@09‘7"(%'? @@Nmize rating of about 12 um. 13 EXAMPI F 2
[0057] 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 curingstivéace with a charged polymer, and
carrying out chemical modification to attach funatl groups on the surface. Grafting
reactions may be activated by exposure to an ersengice 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.
[0058] A device comprising at least one membrane accordirgn embodiment of the
invention can include additional elements, layerssomponents, that can have different
structures and/or functions, e.g., at least on@efiltration, support, drainage, spacing and
cushioning. lllustratively, an embodiment of thevite can also include at least one
additional element such as a mesh and/or a screen.
[0059] In accordance with embodiments of the inventioa,rttembrane can have a
variety of configurations, including planar, pledtand hollow cylindrical.
[0060] The membrane, in some embodiments, a filter conmgrihe membrane (and the
filter can comprise a plurality of filter elementsn be utilized with a housing to provide a
device such as a filter device. For example, asgipusly noted, in one embodiment, a device
comprises a filter capsule for ink jet filtratidhe capsule comprising a housing containing
ink and having a port communicating with an inkrjetzzle, and a filter comprising an
embodiment of the membrane across a fluid flow pativeen the ink and the ink jet
nozzle(s) via the port. Optionally, the device poises an opaque housing to protect against
UV-light intrusion. In another embodiment, the nieame or filter comprising the
membrane is disposed in a housing, e.g., compraitenst one inlet and at least one outlet

and defining at least one fluid flow path betweles inlet and the outlet, wherein the filter is



[0071]This example demonstrates the preparation of a membrane according to an embodiment of the
invention, and demonstrates the percentages of the non-voids portion of the membrane comprising larger
average diameter fibers, the smaller average diameter fibers, and comprising both the larger and smaller
average diameter fibers. [0072]A solution as describgezl in Example 1 is cast on a moving MYLAR belt (at
a casting speed of 4 fpm), using a casting knife having a knife gap of 13 mils (.013 inches) and a first air

gap of 30 inches,sERRJIANiGRRAHAJSHK O BRiAd HierS@sPNH ainsdBifBARRBAS, iAd 4fikiliandag casting,

the belt having the cast solution thereon is passed over a heated stone (heated to a temperature of about

85 F) for 45 de SHHZ ARG tHEW fRHUSEIBRESIERIE RS ANHRS TR MERKY EhEN RAT RRRHTAY Rimperature
of about 125 fhe tiotiowatgr coptastingithe, tapdodiihsuselyien dihsleuace of the solution not contacting the

MYLAR belt) e the solution reaches t rma# eguilibrium. [00 @A cross-sectional. SEM view of the
inteoral memO ol [Nt I LIE SHDH RS T Aae 4 also shows the
percentages oicthdingannippeivious thermenidstio enatariphisihig treempatjbleavighabe ticeregindfibers, the

smaller aveﬁgSc%i?éBS.teﬁcﬁilbgiénﬂﬂQ, BRRSIRING RAH Wb Salafigis R At einalsh dvaLaggdieigrfipers,

using MathWorksO MATLAB software. The shown portion includes a voids portion and a non-voids
portion. AbolR'St & RRY'MEA-voids portion substantially comprises larger average diameter fibers, about

25% of the npopsgids prideoliswasicstiatipleempticesisaiallertpyendge birnoeuibershand abput 25% of
the non-voidi)%ort}oﬁ?rﬁéistantiall comprises hoth larger and smaller average diameter fibers. [0076]The
| e

surface poro FANLAECORY §%'H%H%§8g, alculated using MATLAB software, is 23% and
46%, respectiVedg] [00 T nadatieptihmeratiples thaesfiste@mrd Selcamasiiystirtaved) Faumrd dontinuous with

the large andSmall SiRGLS, iR R-BBFage QhLanm koYt S SRaaRRMb AR U8, IR YRing scahaing electron

micrographs and manually measuring fiber diameters, the average fiber diameters of the larger and
smaller fiberd18\ABdM loAhPald about 1 um, respectively.

EXAMPLE 1

[0064] This example demonstrates the preparation of a mamalaccording to an
embodiment of the invention.

[0065] A solution consisting of 11.0% PSF (P-3500), 2.0¢w@ater, 5.25% PVP (k-90),
19.5% PEG200, and 62.25% NMP is cast on a movind AR belt (at a casting speed of 4
fpm), using a casting knife having a knife gap 8fils and a first air gap of 32 inches. The
fan speed is 60 watts, and the second air gajnish@s.

[0066] Following casting, the belt having the cast solutioereon is passed over a heated
stone (heated to a temperature of about 90 °MFa&econds and then the solution is
qguenched in the quenching bath with water at a ésatpre of about 127 °F--the water
contacting the top of the solution (the surfacéhefsolution not contacting the MYLAR belt)
before the solution reaches thermal equilibrium.

[0067] A cross-sectional SEM view of the integral membrhaeing reticulate

continuous fibers is shown in Figure 2.

[0068] The depth of each of the first and second skirasesd, that are continuous with
the large and small fibers, is in the range of fiarout 5 to about 10 um.

[0069] Using scanning electron micrographs and manuallgsmeng fiber diameters, the
average fiber diameters of the larger and smaberd is 10 pum and 1 um, respectively.
[0070] The membrane has a tensile strength of about 39argFa particle retention size

rating of about 12 um.



14 EXAMPI F 3 [0079]This example demonstrates the preparation of a membrane according to an
embodiment of the invention. [0080]A solution consisting of 10.7% PSF (P-3500), 2.0% DI water, 5.30%
PVP (k-90), 19.5% PEG200, and 62.50% NMP is cast on a moving MYLAR belt (at a casting speed of 3.5
fpm), using a casting knife having a knife gap of 13 m@s and a first air gap of 32 inches. The fan speed is
65 watts, and the second air gap is 6 inches. [0081]Following casting, the belt having the cast solution
thereon is passed over a heated stone (heated {3 tapppesature of about 88 F) for 60 seconds and then
the solution is quenched in the quenching bath with water at a temperature of about 128.5 F--the water

contacting thﬁow()ft Isst)leu)gion qghg surface PJ St teesorlgtigrré tnoog cpgtactinl%éhgr%\](LfAR rt])elt) before the
solution reaches thermal eqwﬁg}‘?umﬁame deptﬁ SPESC 0P IHE TreE a1d €etthd &in surfaces, that
are continuogsniitHithenizefthermtenialh fipedslésmniongtcaten geantroes abthe Bao-whdeP20iaomef0083]Using

scanning ele j ] i é@@,@% ' ' j ters of
the larger angﬁg)rﬁ]agllpﬁ%gﬁse ?sﬁl OI- 1@%@2&6 ?gé’gééﬂl?ﬁﬁ respeﬁgﬁ%&%?\ﬂ%%@??oﬁ%%ﬁﬁggkam ple

demonstrate S PrARIF RE0PPET {1fnBRIBF A SEeRleN Y SPRR RTHEERent of the invention.

[0072] A solution as described in Example 1 is cast oroging MYLAR belt (at a
casting speed of 4 fpm), using a casting knife inga knife gap of 13 mils (.013 inches) and
a first air gap of 30 inches. The fan speed isvdfls, and the second air gap is 6 inches.
[0073] Following casting, the belt having the cast solutioereon is passed over a heated
stone (heated to a temperature of about 85 °HFa@econds and then the solution is
qguenched in the quenching bath with water at a ésatpre of about 125 °F--the water
contacting the top of the solution (the surfacéhefsolution not contacting the MYLAR belt)
before the solution reaches thermal equilibrium.

[0074] A cross-sectional SEM view of the integral membrhaeing reticulate
continuous fibers is shown in Figure 3.

[0075] Figure 4 also shows the percentages of the showlop®f the membrane
comprising the larger average diameter fiberssthaller average diameter fibers, and
comprising both the larger and smaller average éianfibers, using MathWorks®
MATLAB software. The shown portion includes a wigbrtion and a non-voids portion.
About 50% of the non-voids portion substantiallyqwises larger average diameter fibers,
about 25% of the non-voids portion substantialljnpases smaller average diameter fibers,
and about 25% of the non-voids portion substagt@mprises both larger and smaller
average diameter fibers.

[0076] The surface porosity of the first and second suifieses, calculated using
MATLAB software, is 23% and 46%, respectively.

[0077] The depth of each of the first and second skirases, that are continuous with
the large and small fibers, is in the range of fiamout 5 to about 10 um.

[0078] Using scanning electron micrographs and manuallgsmeng fiber diameters, the
average fiber diameters of the larger and smaberd is about 10 pm and about 1 pm,

respectively.



[0085]A solution consisting of 10.8% PSF (P-3500), 2.0% DI water, 5.30% PVP (k-90), 19.5% PEG200,
and 62.40% NMP is cast on a moving MYLAR belt (at a casting speed of 3.5 fpm), using a casting knife
having a knife gap of 13 mils and a first air gap of 32 inches. The fan speed is 65 watts, and the second
air gap is 6 inches. [0086]Following casting, the beltfraving the cast solution thereon is passed over a
heated stone (heated to a temperature of about 88 F) for 60 seconds and then the solution is quenched in
the quenching bath with water at a temperaturef ab@yiEl38 F--the water contacting the top of the
solution (the surface of the solution not contacting the MYLAR belt) before the solution reaches thermal

equilibrium. [%%ﬁ%Theﬂ%gth 8];n efi\é:ra é’f thneS tfrlg t éa%d se%(e:ongaﬁ(l)(in §uarface that re (%8r5t;]nuous with the
large and small fibers, is In ™ rzgnge oF flomapoUt 516 apout 1d ufh' S%Qé?bging scanning electron
micrographs emdedemeiatl9f ineasueniofiber diameters, the average fiber diameters of the larger and

smalle fiber3 syl ARl driEan RSRREUNElY7 B AR, SI00B s 6xample, dypapsitges the

preparation of a membrane according to an embodiment of the invention, and demonstrates the

percentages &9 ¥ F&¢8RIPEfidP BTaNR dpr el RN G MPYIEhYRaPsE(8l8 CREIRIFRBE Fbers, the
smaller averags fhiay)eighdibecasangicme pesing Hetirthgilesaenandsmmienaveipee shameies. fibers.

[0090]A _solu [on as descri I%d %1 Ext?m rI1e iS cast on a movin MYLAR belt (at a casting speed of 4.5 _
fpm), using aulg]aes ﬁpgslgr%?é) ha@nnﬁ'% ﬁhﬁedgtfﬁ Sf i@‘é:ﬁ‘%%@ggﬁgt air gap of 30 inches. The fan speed is
70 watts, and @8&lkecoRdllaiviggE &sthindhes¢0 0] Fo lloeviagtcestitios remn e hdspad @ e aastsalution
thereon is pa§[%¢]% W@ét@&‘fac%et@mperature of about 88 °ld@econds and then the solution is

guenched in the quenching bath with water at a ézatpre of about 128.5 °F--the water

contacting the top of the solution (the surfacéhefsolution not contacting the MYLAR belt)

before the solution reaches thermal equilibrium.

[0082] The depth of each of the first and second skirasesd, that are continuous with

the large and small fibers, is in the range of fiamout 5 to about 10 um.

[0083] Using scanning electron micrographs and manuallysmeng fiber diameters, the

average fiber diameters of the larger and smaberd is 10-12 um and 0.5-0.8 pm,

respectively.
EXAMPLE 4

[0084] This example demonstrates the preparation of a meralaccording to an
embodiment of the invention.

[0085] A solution consisting of 10.8% PSF (P-3500), 2.0¢ater, 5.30% PVP (k-90),
19.5% PEG200, and 62.40% NMP is cast on a moving AR belt (at a casting speed of
3.5 fpm), using a casting knife having a knife g3 mils and a first air gap of 32 inches.
The fan speed is 65 watts, and the second airgy@jniches.

[0086] Following casting, the belt having the cast solutioereon is passed over a heated
stone (heated to a temperature of about 88 °Fgdaeconds and then the solution is
guenched in the quenching bath with water at a ézatpre of about 128 °F--the water
contacting the top of the solution (the surfacéhefsolution not contacting the MYLAR belt)
before the solution reaches thermal equilibrium.

[0087] The depth of each of the first and second skireses, that are continuous with

the large and small fibers, is in the range of fiadout 5 to about 10 um.



stone (heated to a temperature of about 85 F) for 40 seconds and then the solution is quenched in the
guenching bath with water at a temperature of about 125 F--the water contacting the top of the solution
(the surface of the solution not contacting the MYLAR belt) before the solution reaches thermal
equilibrium. [0092]A cross-sectional SEM view of the ;itegral membrane having reticulate continuous
fibers is shown in Figure 4. [0093]Figure 4 also shows the percentages of the shown portion of the

membrane CoFIBEISING Yk (REIGh A r@%t%ﬂﬂﬁ&%éi%‘?’i% el %ﬁ“ﬁﬁ@éﬁé@%ﬁ&@ﬁﬂ?&ﬁ%t@%@%@”d

comprising both the larger and smaller average diameter fibers, using MathWorksO MATLAB software.
The shown pBYE&RRERRICIAMAIRIS BhtR AR abFMANEE ForidR. Kb Sl oo 838N &h%ids portion

substantially comprises larger average diameter fibers, about 50% of the non-voids portion substantially
comprises smaller average diameter fibers, andE#dPLB% of the non-voids portion substantially
comprises both larger and smaller average diameter fibers. [0094]The surface porosity of the first and

second skin sooBates, alelatenplsiiendAdtAds sedtpirigaiatidht6fanvefbliccerpegtively. [0095]The

depth of each of the fi d ski f h ' h the | Il fibers, i
i he range O VABBL LS INALVSEMGH, (I0ORIOLHS ERPIRGCS L oh M NS B manually

measuring filbe di@mbtars; domptieiay Efiss edieiagtatsioktees]ingesraalte s malfegdibam g etftard0 um
and about 1 tivel I i lye.example demonstrates the
Uk EPRGGING %ot%‘ir{%%%gt? o P AR Y SuRgRRET RIRKFSS

importance of %uenching before the solution reaches thermal equilibrium.
[0090] A solution as described in Example 1 is cast oroaing MYLAR belt (at a

casting speed of 4.5 fpm), using a casting knifertypa knife gap of 13 mils and a first air
gap of 30 inches. The fan speed is 70 watts, lrmddcond air gap is 6 inches.

[0091] Following casting, the belt having the cast solutioereon is passed over a heated
stone (heated to a temperature of about 85 °Bdaeconds and then the solution is
guenched in the quenching bath with water at a ézatpre of about 125 °F--the water
contacting the top of the solution (the surfacéhefsolution not contacting the MYLAR belt)
before the solution reaches thermal equilibrium.

[0092] A cross-sectional SEM view of the integral membrhaeing reticulate
continuous fibers is shown in Figure 4.

[0093] Figure 4 also shows the percentages of the showiiopof the membrane
comprising the larger average diameter fiberssthaller average diameter fibers, and
comprising both the larger and smaller average éianfibers, using MathWorks®
MATLAB software. The shown portion includes a v®igbrtion and a non-voids portion.
About 30% of the non-voids portion substantiallynises larger average diameter fibers,
about 50% of the non-voids portion substantiallpnpases smaller average diameter fibers,
and about 20% of the non-voids portion substagt@imprises both larger and smaller
average diameter fibers.

[0094] The surface porosity of the first and second suifieses, calculated using
MATLAB software, is 24% and 46%, respectively.

[0095] The depth of each of the first and second skirasesd, that are continuous with
the large and small fibers, is in the range of fiamut 5 to about 10 pm.

[0096] Using scanning electron micrographs and manuallgsmeng fiber diameters, the
average fiber diameters of the larger and smalerg is about 10 um and about 1 pm,

respectively.



[0098]A solution as described in Example 1 is cast on a moving MYLAR belt (at a casting speed of 3
fpm), using a casting knife having a knife gap of 13 mils, a first air gap of 32 inches, and a second air gap
of 3 inches. The fan speed is 70 watts. [0099]Following casting, the belt having the cast solution thereon
is passed over a heated stone (heated to a temperatige of about 105 F) for 55 seconds and then the
solution is quenched in the quenching bath with water at a temperature of about 127 F such that the water
contacts the top of the solution (the surface of tig agliigngrot contacting the MYLAR belt) after the
solution reaches thermal equilibrium. [0100]The membrane has only large fibers. [0101]The membrane

has a tensile gth qf about 390 gram forc and a particle retentijon size .rating. of ahout 22 um.
ot 5 et Bl ot i e e
thermal phasgointiersieac@sa8gansalletiomilyiusisting of 9.0% PSF (P-3500), 2.0% DI water, 4.3% PVP

(k-90), 19.5% g3k 200a A3l fiorPas QMR GaRES0 A CY RSN baif AL A-LaaHng speed of 4 fpm),

using a casting knife having a knife gap of 13 mils, a first air ﬁap of 30 inches and a second air gap of O
inches. The faASEPESHES B \wiREN[0IDAIFLABWING Caiig AKRIISIRRidg fRkScadtrsbititiBAPREreon is
passed over gligated sipae(bessad i 9dpropeiatines otmape80)0aratts seconds and then quenched

in the quenchj ath with water at a temperature aof about 110 F sych that the water contact the top of
the solution (HEEShutace UPHELETSUBH 0% LEIRARANG 6 LR BB Bar bR S AUk oA ToAFes
thermal equildsoioen(hEhted om sttveperatdieof Pt d 88 SEjFGenonds tHrerthahphaswlimi@rsion. [0105]The

membrane hag IR SMANHPGIRIGHIGHAR MEMANS a0 EBEEN 25 oF APeH ARG and a

particle retention size _ _ _
water contacts the top of the solution (the surfedbe solution not contacting the MYLAR

belt) after the solution reaches thermal equilioriu
[0100] The membrane has only large fibers.
[0101] The membrane has a tensile strength of about 288 fprce (gF), and a particle

retention size rating of about 22 um.
EXAMPLE 7

[0102] This comparative example demonstrates the impaetaf@ second air gagnd
thermal phase inversion.

[0103] A solution consisting of 9.0% PSF (P-3500), 2.0%n@ater, 4.3% PVP (k-90),
19.5% PEG200, and 65.2% NMP is cast on a moving KR Ibelt (at a casting speed of 4
fpm), using a casting knife having a knife gap 8fiils, a first air gap of 30 inches and a
second air gap of 0 inches. The fan speed is 8 wa

[0104] Following casting, the belt having the cast solutibereon is passed over a heated
stone (heated to a temperature of about 80 °Bd@econds and then quenched in the
guenching bath with water at a temperature of ab®Qt°F such that theater contact the

top of the solution (the surface of the solution cantacting the MYLAR belt) before the
solution reaches thermal equilibrium. The non-sptinduces phase separation, not thermal
phase inversion.

[0105] The membrane has only small fibers.

[0106] The membrane has a tensile strength of about 108rgFa particle retention size

rating of about 12 pm.



rating of about 12 um. 17 [0107]All references, including publications, patent applications, and patents,
cited herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in its entirety
herein. [0108]The use of the terms "a" and "an" and the" and "at least one" and similar referents in the
context of describing the invention (especially in the context of the following claims) are to be construed to

cover both theyginpularandifieRlbsalntiigag Stisais D sRIRdRRIBIR ok Rieakaentadicted by

context. The use of the term "at least one" followed by a list of one or more items (for example, "at least

one of A and I8 HREEBRLIRFMIRY ARAROIFISIENT & LRARE LGN B lishd felefe (AN B or any

combination afdiidainand epttfiisigdrithtasedtand Bhoratedhothesndaednaicatecthaigivrarialearly

contradicted Qg contetxt The terms "comprising,” "having," "including,” and "containing" are to be
I entlren)éhgr{em. . o . L2 » .
construed as open-ended terms (i.e., meaning "including, but not limited to,") unless otherwise noted.

Recitation of RGeS of Veduise h?értbi?ntgrmW?F@ydﬁm&mﬁtﬁmﬁmmﬁmwmmamd of referring
individually tqgagh,aeparie yaikia GINRIHBIHG theiRRntedplesm PSSR ER Rarsinngnd each

separate value is incorporated into the specification as if it were individually recited herein. All methods

described hefR3HM&AREID EEGPREHYRGIN CAYRABRIb IR SRS bR IS ¢ HBRSREEAMRSN or otherwise
clearly contradifitegebyheasitest. cldwiyise mf anytend\alisxanplase of exeraptarntraguage’(e.g., "such as")

ided herein, is | ded ly to better,illumijnate the i ti d t, limitati th
Sope of the BB ALEL BHES oL IS AL N GADTABL T L AL Lhiobe consirued as
indicating angormtretaincenedomeatiasesyenttal tothépriisiice @ ond)rmremioooitdiosiie redé treal
embodiments,pf IS IMRBYRRARARSEAIRRE BST6ifle LMD HINERET HOIRHEIAYYRo the inventors for

carrying out the invention. Variations of those preferred embodiments may become apparent to those of
ordinary skill {eRHE8AFerhBY ¢eaNy tHierenDisg MR IIIANGhd TRk Ers BUp S ERIMEW artisans to

employ such y@riatisns R aIa igte nasthte dnvenicssitEemd fRithevavestinnitedae  Praaticsd
othe_rwise than as s e_cifical y described rLerein. Acrﬁorﬂ_i@ Ips1 this invention ir%clﬁl]des all modif_ications and
equivalents o?‘fh%%@&@& atter 1601 L h LR §é B Herehe HEPFhIReE Y a5 licable law.

Moreover, arshodhdidatiethod thfe efbouey dedivithed\cle eseitsiatall plossiblengavittionisethangef is

encompasseﬂrﬁé(s@(& Wi‘él@fb&i@!ﬁﬁﬁl ﬂ@?@fmiéﬁd'ﬁgEH@&%ﬂ'ﬁs%%g@V&E% figgthecontradicted by

context. 18 CLAIM(S): 1.A porous polymeric membrane comprising: (&) a first microporous surface; (b) a

second microiRSelicEIBEs §uHyeEe BivideplyeKBeRBe MhaedR fereinpd reedeeandeurface,

wherein the ydkapnearisemptaasa digssehesa ahualieiitaaisrancton seeand selali plurality of
fibers, wherein at Ie?ast saome fibers from the firfst set are ﬁon{inuous with iomrf fibers from the second set,

wherein the ff2P L8 '8%%3 YCRAEE i ?%b'é?aﬁeaﬁ‘éfeq'rm > PRSI EETF Gt s A second
average fiberagiametaded herein, tisarftestdadnaerelfibe bdibemitata et ieesttibfanadrdee shao fosesacond

average fiber"mﬂg?ﬁggn the scope of the invention unlesseottise claimed. No language in the
specification should be construed as indicatingrasmy-claimed element as essential to the
practice of the invention.
[0109] Preferred embodiments of this invention are desdriterein, including the best
mode known to the inventors for carrying out theeimtion. Variations of those preferred
embodiments may become apparent to those of oydshdlt in the art upon reading the
foregoing description. The inventors expect sHigtisans to employ such variations as
appropriate, and the inventors intend for the itieento be practiced otherwise than as
specifically described herein. Accordingly, tmsention includes all modifications and
equivalents of the subject matter recited in tlaénts appended hereto as permitted by
applicable law. Moreover, any combination of thewae-described elements in all possible
variations thereof is encompassed by the inventidess otherwise indicated herein or

otherwise clearly contradicted by context.



2.A porous polymeric membrane comprising: (a) a first microporous surface; (b) a second microporous
surface; and, (c) a bulk between the first surface and the second surface, wherein the bulk comprises a
reticulate network of at least first and second sets of a plurality of continuous fibers, wherein, in a
cross-sectional view vertical to the porous surfaces, iBe first set of fibers has a first average fiber
diameter, and the second set of fibers has a second average fiber diameter, wherein the first average
fiber diametegis\giii@gst 10% larger than the second average fiber diameter. 3.The membrane of claim 1
or 2, wherein the first microporous skin surface and the second microporous skin surface are continuous
with some of the first and second sets of fibers. 4. The membrane of any one of claims 1-3, wherein the

first microporous skjn surfgc&opa%apawmpﬂé%%% %}ﬁaﬁgiﬂ out 17%. 19 6. The membrane of any

one of claims 3-5, wherein the first microporous skin surface andthe second microporous skin surface
each have a thickness of &leasBdBSUNEIARIEIMBHERSE?. The membrane of any one of claims 3-6,
wherein the first microporquls skia settacEnmoebteRepRREUREIAReSOHAGEKIN surface each have a

thickness of about 14 micrometers or less. 8. The membragne of any one of claims 1-7, wherein at least
the set of fibers having théqg]rge?}}@?g)gez\q%%}%Sﬁ@?eﬁ'ﬂr%cﬁﬁ%%ﬁ?%%ﬁ@? &b eﬁg'%ftli%y one of
claims 1-8, wherein the first set @iﬁlbemmhdseam&iga@ﬁbbseiiaﬁaewurmihﬁbewa $exronabout 8 um to
about 20 um. 10. The membrang&f&ry?m%m{/gﬂm&&-g’h\é@qﬁeﬂ|g%%tfg3ib%ngfd‘mqﬁ§ Rag an average

fiber diameter in the range of from about 10 um to about 15 um. 11. The membrane of any one of claims
1-10, wherein the second set of ABEREEHAHRURYSIWHE fpdediapiedsrin tHoSePREMIASFSHA BiSout 0.1 um to

about 3 um. first set of fibers has a first average fiber diteaneand the second set
of fibers has a second average fiber diameter, eumé¢ne first average
fiber diameter is at least 10% larger than the sé@verage fiber

diameter.

2. A porous polymeric membrane comprising:

@) a first microporous surface;

(b) a second microporous surface; and,

(c) a bulk between the first surface and the sesomface, wherein the
bulk comprises a reticulate network of at leastfand second sets of a
plurality of continuous fibers, wherein, in a cresstional view
vertical to the porous surfaces, the first seilméis has a first average
fiber diameter, and the second set of fibers reecand average fiber
diameter, wherein the first average fiber diametait least 10% larger

than the second average fiber diameter.

3. The membrane of claim 1 or 2, wherein the fg&troporous skin surface and
the second microporous skin surface are continuatissome of the first and

second sets of fibers.

4. The membrane of any one of claims 1-3, wheterfirst microporous skin

surface has a surface porosity of at least abdkt 17

5. The membrane of any one of claims 1-4, whefersecond microporous skin

surface has a surface porosity of at least abdkt 35



12. The membrane of any one of claims 1-11, having a mean flow pore size in the range of from about 3
to about 20 um. 13. A method for processing a fluid comprising: passing the fluid through the membrane
of any one of claims 1-12. 14. The method of claim 13, wherein the fluid is an ink-containing fluid. 15. A
method for making porous polymeric membranes indlading fibers comprising: (a) casting a polymer
solution on a support; (b) inducing thermal phase inversion of the solution; and, (c) quenching the

solution, including gyienchifg3ndhRhBTRR BrbssakliRmbEaRdRs RlHiRRdSHBIeSkprmal

equilibrium.

10.

11.

12.

13.

14.

15.

surface and the second microporous skin surfade leeaee a thickness of at

least about 4 micrometers.

The membrane of any one of claims 3-6, whel@rfitst microporous skin
surface and the second microporous skin surfade leaee a thickness of

about 14 micrometers or less.

The membrane of any one of claims 1-7, whereleast the set of fibers

having the larger average fiber diameter are porous

The membrane of any one of claims 1-8, whelgarfitst set of fibers has an

average fiber diameter in the range of from abquirBto about 20 pum.

The membrane of any one of claims 1-9, wheterfirst set of fibers has an

average fiber diameter in the range of from ab@utth to about 15 pm.

The membrane of any one of claims 1-10, wheharsecond set of fibers has

an average fiber diameter in the range of from abdupm to about 3 um.

The membrane of any one of claims 1-11, haaingean flow pore size in the

range of from about 3 to about 20 um.

A method for processing a fluid comprising:

passing the fluid through the membrane of anyajr@aims 1-12.
The method of claim 13, wherein the fluiéusink-containing fluid.

A method for making porous polymeric membranekiding fibers
comprising:

@) casting a polymer solution on a support;

(b) inducing thermal phase inversion of the sohyt&nd,

(c) guenching the solution, including quenchingigper portion of the

solution before the solution reaches thermal doyitiim.



