PROCESS FOR FORM NG M CROPOROUS MEMBRANES Fi el d The present invention
relates to a nmethod for form ng m croporous nenbranes. 5 Background

M cr opor owe 2nesniasssnes Wit h di verse properties are used POTIEBRYSOHBLES N

pr 06&£12§V00%I udi ng such things as filters, breathable articles, absorbent
articles, and nedical articles. There are many known ways to manufacture

m cr opor ous nenbranes, 10i ncl udi ng i nduci n8 a phase inversion in a dope
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di fferent norphol ogi es can be generated in the resulting mcroporous
menbrane, adapting it to the specific needs of the end user. One of
the ways that a phase inversion can bgjdldi ggered is by contacting a dope
formulation with a coagul ant. Methods of naki ng m croporous nenbranes arc
further 15desckhiciwescphingegionpalatesito nesthesl fPRB oM MBsPRoreys m¢mhranss. 869, 174
(V\an?); 6, 632,850 (Hughes et al.); 4,992,221 (Malon et al.); 6,596,167 (Ji
et al.); 5,510,421 (Dennis et al.); 5,476,665 (Dennison et al.); and U S
Pat ent Appl i cation Publication Nos BE§EWho485: 2004/ 0084364 (Kools). One

known way to iMIGQHER AchBRags Rl dhversd phaRaidsa¥eliscti$n hlan BRdbar m of a
vapor. 20It is also known to coagul ate tphe dope | ayer, where the dope | ayer
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M cy{@st r UsIHAiRg M RicIRSCHHabe fverkh iR ra%ﬁ@lay_@!{i. SI3Y RRHpRlHES ¢Hd RditRnR{ahod for
form ng m croporous nenbrane sheets. The m croporous nenbrane is forned

from a ddpegdréhamhase inoymrsaond differ¢nt snorplacdggibaern Hecgeneatediin the rEhdtioppe
formul ati on conpri ses a pol ri.c teri an olvent. The 30first
coagul ant™ RETRITSCT TR EE CodBa g A A RO GH Il aci uvant |~ The
dOpe. and fi rStOI@@@QHé ks fher ﬁyﬁ?ﬁ,é iRREsIH &nﬂjeﬁﬁé%@&@ﬁ@lc\énﬁa@ﬁﬁgﬁbéﬁwgh a
mul tilayer extrusion die. The dope fornulation Tayer is cast on to the

coagul antfofrolntimwiths chaguinig Mathdyto§ pfakise microporous membranes are further
15 described in U.S. Patent Nos. 6,736,971 (Sale et al.); 5,869,174 (Wang); 6,632,850

(Hughes et al.); 4,992,221 (Malon et al.); 6,596,167 (Ji et al.); 5,510,421 (Dennis et al.);
5,476,665 (Dennison et al.); and U.S. Patent Application Publication Nos. 2003/0209485;
2004/0084364 (Kools).
One known way to introduce a coagulant to a dope layer is in the form of a vapor.
20 It is also known to coagulate the dope layer, where the dope layer is moved through a
coagulation bath. The bath would normally be constantly changing in concentration and

purity as material diffuses into and out of the dope layer.

Summary

25
Microporous membranes having a microstructure are described. The present

disclosure describes a method for forming microporous membrane sheets. The
microporous membrane is formed from a dope formulation and a first coagulant
formulation. The dope formulation comprises a polymeric material and a solvent. The
30 first coagulant formulation comprises a coagulant and a coating adjuvant. The dope and
first coagulant formulations are simultancously cast through a multilayer extrusion die.

The dope formulation layer is cast on to the coagulant formulation forming an interface.



WD 2008/ 118580PCT/ US2008/ 054638 A first surface of the dope fornulation

| ayer is | ocated opposite the interface. At the interface, a portion of the
first coayol2aesr11833onul ati on | ayer di ffuses into the dopeciramsrisasicen | ayer
effecting a first phase inversion. The first phase inversion results from
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f | at i The fitst: |nterf i i i
bor 1 on ofoydtsd if Eighl 1BE AR RaRAROIUBE fif: SEEARI R BRLRE or

f or nul at imrdporcis@herittiend.i rst interface effecting a first phase inversion,
and a portion of the second coagul ant fornulation diffuses into the dope
fornul ation t HPGUGRASRSRE 2destlpifof Rravse BUEPPYIEHS MgMATade sBerd hpyiag at least

| nversi o r{wom%mfs{rpahreil Ay REF0Rd Iﬁmﬁi,grdgm/&fs ShMbFad S @‘Z?r%@h%fﬁo?ﬁ fa_%ge second
m crostructures of a m croporous menbrane, respectively. e rirst and
secohd miformsbtiaicsimuisndvayly kestaviflf Rrsemntd wrodd@agalart formulatiodsn Thre&econd

enbodi nment , % second coagul ant faormul ation conprising a t§¥rd coagulant and
s d

a second ©8&t PHJOHRY BRIOMRISeRd thiklepaeHentandy srondoatng ettt 4ee of the
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coagul an ornul ations r opor o ranes are conmonly Fornmed havi ng
dope | aydosndxppasedtt amaltilayer extrusion die. A first interface is formed between the dope
formulation and the first coagulant formulation, and a second interface is formed between
20 the dope formulation and the second coagulant formulation. The first interface is opposite
the second interface. A portion of the first coagulant formulation diffuses into the dope
formulation through the first interface effecting a first phase inversion, and a portion of the
second coagulant formulation diffuses into the dope formulation through the second
interface effecting a second phase inversion. The first and second phase inversions form
25 first and second microstructures of a microporous membrane, respectively. The first and
second microstructures may be different or the same.

In one embodiment, a second coagulant formulation comprising a third coagulant
and a second coating adjuvant is cast sequentially on the first surface of the dope
formulation layer after simultancously casting dope and first coagulant formulations.

30 Microporous membranes are commonly formed having dope layers exposed to a
coagulation bath causing a phase inversion. In this disclosure, dope and coagulant

formulations and/or coagulants contact one another as layers to effect a phase inversion
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coagul ati on bath causing a phase inversion. In this disclosure, dope and
coagul ant fornul ati ons and/ or coagul ants contact one another as |ayers to
ef fect a wbases/iigsser sion resulting in formng m crostrecrurseas/ swss i ng t he
formul ations sinultaneously with a multilayer extrusion die formng a

mul til ayer sheet renoves the step of subjecting the dope |ayers to
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Drawings FIG 1 is_a schematic, regr esentation of a multilayer extrusion
di e. 15FIbe formedshayinglawers of epceidisrtpiskngsaesite mast PHHCHRpWEEEGAtANEWRs 8f detai | 2

taken in FI i e : i ..multilayer
sheet havlﬁm@ agglarg[e)rélb T remj}l aotag%llﬁﬁﬁ f?gﬁ@%ﬁ%@%ﬁ%%ﬁ? q?@&?r@lr’baf% Bn | ayer.

FIG 4 idialssahepratides forpelesaipt atateadt phbiscinimtkion] @yeollisheart davbNthea dope

| ayer in 20between a first and secgnd coagul ant faornul ation | ayers,

FI G0 5 i ghgsegmyersior v thickaesypE thsgerpiranraph sepdingavnisgpsgucture for

m crostrygt Y6 ef,cExampl e 1. FIG 6 is a SEM m crograph cross-section
of a mcroporous menbrane having first and second m crostructures of
Exanple 2. 25FIG 7 is a SEM m crograph (planar view) of a m croporous
menbrane of FIG 6. FIG 8 is a SEM m crograph cross-section of a

ni cropor ous menbrane havi ngBfiet Bescahyionaf shey Dxawingst r uct ures of Exanpl e 3.

FIG. 1 is a schematic representation of a multilayer extrusion die.

15 FIG. 2 is a schematic representation of an expanded view of detail 2 taken in FIG.

FIG. 3 is a schematic representation of multilayer sheet having a dope formulation
layer on a coagulant formulation layer.
FIG. 4 is a schematic representation of a multilayer sheet having a dope layer in
20 between a first and second coagulant formulation layers.
FIG. 5 is a SEM micrograph of a microporous membrane having a microstructure
of Example 1.
FIG. 6 is a SEM micrograph cross-section of a microporous membrane having
first and second microstructures of Example 2.
25 FIG. 7 is a SEM micrograph (planar view) of a microporous membrane of FIG. 6.
FIG. 8 is a SEM micrograph cross-section of a microporous membrane having

first and second microstructures of Example 3.

Detailed Description
30 For the following defined terms, these definitions shall be applied, unless a

different definition is given in the claims or elsewhere in the specification.



Det ai | ed Description 30For the follow ng defined terns, these definitions
shall be applied, unless a different definition is given in the clains or
el sewher ewpreoashiasspeci fi cati on. WO 2008/ 118580PCT/ US2008Ta54@8854638 The
term "dope formul ation” refers to a polyneric material dissolved in a
solvent at a selected concentration for formng a thernodynam cally stable

dope fornulation. The solvent is referred to as a "good" or conpatible
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the formulation layers i'dtely contact eac er at the exit of the
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formul ati ons having sufficient viscosity, such that the thickness of the
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each of the
to each other to form a multilayered sheet. The dope and coagulant formulation layers

may be cast through a multilayer extrusion die, where the formulation layers immediately

contact each other at the exit of the die. The die may be used to meter the dope

formulation and coagulant formulations having sufficient viscosity, such that the thickness
25 of the layers is substantially controlled through the control of the formulation feed rate.

The term “phase inversion” refers to the transformation of a homogenous system

(for example, dope formulation) into two or more phases. For example, a homogenecous

polymer solution can be precipitated into two phases: a solid polymer-rich phase, and a

liquid polymer-poor phase. In this disclosure, for example, phase inversion results from a
30 process of exposing a dope formulation to a coagulant formulation, where each of the

formulations have sufficient viscosity to be simultaneously cast as layers through, for



formul ati ons have sufficient viscosity to be sinmultaneously cast as |ayers
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its sense including "and/or" unless the content clearly dictates otherw se.
Unl &8s ot her wi ¥ TreititioR v& Bumgni¢al pnepe by crdpeiis BichgeyghRpmbers sulspmed

| ngr edi e%i%hin%@é&h%ﬁgfé?%xﬁﬂ%lgrp{%%fn"ﬁ ﬁe?‘ﬂdl.f,gé o5t § used, | st he

specification an ne arc to be 20unders as ’bei'ng nodified in all
i nstances by thAeintkdad insthupedifidavaradd nigd appedddesamisntic safpeldr foamk te”,
contrary, the nunerical paraneters set forth in the foregoing specification
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desired ' [ 1-h0s j d.i art

utilizi ngf }ﬁllg’gfo% gac [ gggg%?ltctg ﬁ%gﬁé}gé%\t@ gﬁoggﬁl%ggrgcﬁ#&%nﬁe Hil/cgl#%/elgﬁeast , and
not 1s amatireoPtwd or thomd dontpoendspid wad iothisodpetifieatdmcndtappaelicdicladgsli val ent s
to the scope of the clainms, each nunerical par ar‘r‘et((fr ,shoul d at | east be
const r uedht 1M "Rt 1S GFNSTAYY pRIMSEF B it Sptsinelydwe gAY/ P diidesy iy o8tedhd by

appl yi ng ngagl'gqg&xteg giRAlRg techniques. Notw thstanding that the numerical
ranges and paraneters setting forth the broad scope of the disclosure are

appr oxi mat i ond/)nltssetimurvisciioditatvd laliesintbets dxprdsbing quirheics pemigfddiecnesxanpl es ar e
reported rlallesaSIF1)1‘rerenCein‘;,5 0e &ogesrtigsoasnsdi s%lfgfth ﬁ\g]e% iIr‘} lfll?éesrpiegi%lcat\lloa}ll ayned’clairns are to be
20 understood as being modified in all instances by the term “about.” Accordingly, unless
indicated to the contrary, the numerical parameters set forth in the foregoing specification
and attached claims are approximations that can vary depending upon the desired
properties sought to be obtained by those skilled in the art utilizing the teachings of the
present disclosure. At the very least, and not as an attempt to limit the application of the
25 doctrine of equivalents to the scope of the claims, each numerical parameter should at
least be construed in light of the number of reported significant digits and by applying
ordinary rounding techniques. Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the disclosure are approximations, the numerical values set
forth in the specific examples are reported as precisely as possible. Any numerical value,

30 however, inherently contains errors necessarily resulting from the standard deviations

found in their respective testing measurements.



30however, inherently contains errors necessarily resulting fromthe
standard deviations found in their respective testing neasurenents. WO
2008/ 118580RUK/1WsER008/ 054638 The present di scl osure desecirhssooa/ossshod for
form ng a m croporous nenbrane sheet. A dope fornulation my be cast as a

| ayer for formng a sheet. The dope formul ation conprises a polyneric
material which can dissolve in a solvent wth optional 5additives (for
exanpl e, por ogesdresgntidistlosvsndesiciben asmebod Hrfraniagssnigrpotusyndadiaifeneous
stabl e fQ%gglation. The dope fornul ati on nmay be thernodynam cally stable at
roomtenperature w thout visible phase separation. Dope formul ati ons

may be formed A deps RnGuRkofaa§ bk@ashak atliyensorlTarhing asHédtalrhe degoncent rat i ons
of solvents and/ or nonsol vents. The concentration of the dope fornul ation
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casting as a layer in a nultilayer sheet., The concentration is selected to
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material 1n-a’solve the dope tornulatio e 1n a range o
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in a range of 10 to 20 wei ght percent. The viscosity of a dope formulation
may be selegylagmicsestizgyir may 58Ul dope fornul ation | ayer on a coagul ant

formul ation | aygreohBerfrafilh bt {h@%‘cﬁ)fyn%?ﬁ%ategﬁqn YHe%B@ IS ¥l ion may vary

15 based on the solvents, additives and nonsolvents used for constructing the membrane. The
concentration or percent solids of a polymeric material dissolved in a solvent of a dope
formulation may be selected to achieve a viscosity and/or surface tension sufficient for
casting as a layer in a multilayer sheet. The concentration is selected to be sufficient to
allow diffusion of a coagulant formulation through an interface of the coextruded layers.

20 The concentration of the polymeric material in a solvent of the dope formulation may be
in a range of 10 to 25 weight percent. Preferably, the concentration of the polymeric
material is in a range of 10 to 20 weight percent.

The viscosity of a dope formulation may be selected for casting as a dope
formulation layer on a coagulant formulation layer in a multilayer sheet. The viscosity is

25 selected to provide stable layer formation at a line speed of, for example, a moving
substrate. Similarly, surface tension, general bead stability and other fluid properties of
the formulations may be selected to ensure coating uniformity. The stable layer formation
promotes predictable diffusion of a portion of the coagulant formulation at the first surface
of the dope and coagulant formulation layers. An appropriate choice for the viscosity of

30 the dope formulation also promotes the development of a uniform thickness of the dope
formulation layer, and ultimately a uniform thickness of the microporous sheet that will be

formed. The viscosity of the dope formulation may be in a range of 20 to 4,000
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25sel ected to provide stable |ayer formation at a |line speed of, for
exanpl e, a noving substrate. Simlarly, surface tension, general bead
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may be used for a dope formulation. mpl es of ynmeric materials may

i n::l udlef xﬂalﬁ@f)weﬁmvé%VlnMMpéxdﬁemlmthné@ne tﬁtﬂppﬁwaé@wlys@nbya%%es
Por wpnt hal iR 1O L ARABRE PRI, El IOt on LN B (HLERE.

pol ypr opydceﬂa&, ormelhhlu&meatespcﬂpﬁy@uem aa§1ic pblytlcas meafaetﬁth)ogrmael I ul ose
nitrate, polystyrenes, acrylijc polyners met hacrylic polyners,
coph ynerep m&éﬂr@ﬂqca @rormﬂ&?&aﬂwn RYP yﬂ@ércgmb&wéw%ﬁbﬁieﬁ&t T]@Fn@OHeher eof .

The dope 4 of it éa%%e%t% lpﬁ)naof%)é ébﬁée%’['%&f ?Eﬂlﬁyrﬁ&]s YRR Lo aFe?arﬁI(): st %sy A

can be anorphous, Crys I'ne, noncrystalline or parti alline. In
one enbodiryeditine, bacrpahiine bt partiall g ciyadalldic. ﬁrh@n@lapbodlmmmtmtﬁomner&
pol yetherimd 51'n a further enbodi nent, the polyneric materia

of the ddﬁ@e%w%meadqpsrforir@ﬂﬁtﬂnyépﬁléfﬁ@@vm&f‘e( Y11). - (11)

@H@O*

15 In a further embodiment, the polymeric material of the dope formulation is
polyethersulfone (II).

CH,
AL —F
CH, (In)

The solvent of a dope formulation dissolves the polymeric material to provide a

=n=0

o

homogencous solution. The solvent of the dope solution can be a solvent for an optional

20 nonsolvent, that is, for the polymeric material, and optional additives present in the dope
formulation. When present, the nonsolvent may be added to the formulation at a
concentration in a range of 0.05 to 5 weight percent. Selection of a solvent for the
membrane may influence properties, such as the rate of phase inversion or the type of
microstructure, when the dope formulation contacts a coagulant formulation. Some

25 examples of solvents for the dope formulation may include water, dimethyl formamide, N,
N-dimethylacetamide, N-methyl-2- pyrrolidinone, tetramethylurea, acetone, methyl ethyl
ketone, methyl acetate, ethylacetate and other alkyl acetates, dimethylsulfoxide and
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The sol vent of a dope formul ation di ssolves the polyneric material to
provi de a honpbgeneous sol ution. The solvent of the dope solution can be a
sol vent fwo 2008/1ag880onal 20nonsol vent, that is, for the poryusesnsos+4sas eri al ,
and optional additives present in the dope fornulation. Wen present, the
nonsol vent may be added to the fornulation at a concentration in a range of
0.05 to 5 weight percent. Selection of a solvent for the nmenbrane may

i nf | uenceoptbipions thsreoky Ehe aﬁ,vqrﬁ@aiyép@@h@pnlphagép@lﬁméﬁ@ irorptee fermaing gpe of
nlcrostruc ure d for t Gon u formul ati on
Some. 25 dMFABRRi 16 ARBR A TR AT BT UE BpS R IR Vet o

di met hyl Joﬁfpmérn@ea thih ot @blﬂ@it%la@@bmlmts b aBb ik lvedt folB)éhzis@ lihbirgiome,
tetramet hyl urea, acetone, nethyl et hyl ketone, nethyl acet at e, et hyl acet ate
and ot herA apRsplveat stagneisrialdharas mjscile iokr delver @t v dope formulation, but

2008{ 118 038/ e n

ol i ggo ner ?}@g’lchcggl’fﬁ%& gn%%ﬁl%‘lo’e Wﬁﬁ)ﬁpe 1?) O)%I{lgrn 0% ntiagl Ja]l(?lg)e €04 Eﬁtl&? va t%teﬁ%

pol yrmer i cTHeatoakdlaént ﬂdy@esadhv@ma flvdnio & ﬁﬂpald‘eanmﬂt@dsﬂ maﬂamve@mrdraﬁi nor e

t han one solvent, a blend of solvents, or a nonsolvent for phase inversion.
A nonsol viB#ie deyclopmentedi amicroruciuse. m sci bl e in the sol vent of the dope
formul ati on I may
cause coagulatlgﬁéo h§ﬂ0f§¥v$&ﬁghafﬁ@%ﬁ%%§%+#§ﬁ pﬁ%é&ﬁinggggé%gg&ggg%lvent

to i nfl uentgiohHer dastiy mfthafcphﬁaen bNembtapts dkoRkdbadic priveisleyvef ppdymat of a
m crostructure. The selection of a solvent for a dope fornulation to

proW¥ de aﬁogtb&we Pplymsg spleeiis may b cpisaonzse as 88e4d pRjVENs, tllﬁésofl\fﬁnﬁﬁaﬁil%ﬁo%f
memnbr a“essow%}{ | ¢&RdRBR LG R dé @g&&h%@ﬁ{ %%%ﬁ'éﬁﬁ%&ké&@ 'b%:ﬂv&egn tfodo\gyf}ﬁér

sol vents e categorize vents nonso
sol vent s. m&@ﬁﬂessaﬂd\mhieﬁt mbRcﬁlhosle gréutartthantht fiercendfentdation bstweken bﬁes)
bet ween the polyner nol ecul es and sol vent nol ecul es, are greater than the

forces ofPokrasrabelegne prd odher dRY s MtesulGrol hsagy@saidrus ot Mo lyentymer
erI ecul e. PQ-BP SolVEUE fn%efhés% ih 5\)‘111?chftﬂ§| ilt94 fgng &0t n%%olﬁ?&’aﬁﬂts?g%ﬁga% hose i n

whi ch the 1 nteractions between the po yner an arc equal to the
f or tes ofeqabltto aat foeses béﬁmembmhsmwa@i otfeRfol gnet aadahbger jdlisemolzohlecul e.

Good sol vents di ssolve substantjal anobunts o polyner and nay b cible
with the pol yrféeodsol ‘@B‘F‘?éEWPtV&tSP tgf agpuntpgkpo smﬁb%iﬁv% er%%% ble reas
poor sol ar
hergnt “of 1§ RO Y s YonCEhiesRBh S TaSEL RLEp AEPARON A AMR0, L Ceriohaf bl 2

st abl e honngmnémmmsdbbedﬁmnMHga@omﬁwamMchﬁmobﬁ@Mméduhyﬂ%nm&mddhsambmfng a
polymer in a good solvent (for exanple, when pol yethersulfone is the

pol ymer, PH @ngse of N-nethyl-2- pyrrolidinone as the solvent). O her

exanpl es of g r f i i am de,
G onmne. di mar gl aa oy a. ke, ARRn S RS HREIIE (% SEDulaey
tetrac hi cﬁrstedﬂmheng Qﬁéhyntehera gmdmdjveho(foewmﬁé wign polyedrtssiboe isghd ymer

solubility. incl des deb sol ilit r These paraneters
refer to Ryfl%?r CIUSE § JS rpyr@§5@§8ﬁ ® et§9 VF%‘S @&tfaﬁéa%s& O&Oofihe
cohesive sgp%ﬁﬁf?ﬁﬁ'%é%é?sﬁgo@ iNBLES diflethyDR¥RAdL @ﬁ&x%lvl@fdl&%%ﬁmﬁa&Z and

bei ng equ , where” AH I's t'he nol ar
vapor i zatdhtmofentmh&irpmethfylurdre anditetractdbroefRans t he uni versal gas constant, T

5140, 2bsolute, Lemeratbe, aud. Y U6 L0, oLar velute 00l LA gLen
solubility parameters. These parameters refer to a solubility parameter represented by the
square root of the cohesive energy density of a material, having units of (pressure)'?, and
being equal to (AH-RT)"*V"*>where AH is the molar vaporization enthalpy of the material,

R is the universal gas constant, T is the absolute temperature, and V is the molar volume
30 of the solvent. Hildebrand solubility parameters are tabulated for solvents in: Barton, A.
F. M., “Handbook of Solubility and Other Cohesion Parameters”, ond Ed., CRC Press,

Boca Raton, Fla. (1991); for monomers and representative polymers in “Polymer
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F. M, "Handbook of Solubility and O her Cohesion Paraneters", Boca Raton,
Fla. (1991); for nononers and representative polyners in "Polynmer WO
2008/ 118580RWR/ 10853008/ 054638 Handbook", 4th Ed., J. Bramdmus2&sBs4ebs

| mergut, Eds. John Wley, NY, pp. VII 675-714 (1999); and for many
commercially available polynmers in Barton, A F. M, "Handbook of

Pol yner - Li quid Interaction Paraneters and Solubili%%ﬂParaneters", CRC

Press, Bddudraelsnst Efla/. Brrodop & EAHe bagareahtEds olohnVeilayo A \nwp- ¥ @astldas a
| ayer of (??é@'jl 5'(! t{aoyglrans @&%%nef’c%llyf Sailhild pat re%{) AL on,”RTTPTﬁT‘e‘?:Ia I‘tboeok f
coagul ant"' f orhlllatl OR AN Conpr Pse ‘a- coagdl ant and a’ Coat1 g adj uvant. In

sone enbaalymet BiquidiateeRaigh Pafintae snd96lubIRPPAraRcRrL' 0RO AIBYYANt . The
coagul ant can be a nonsolvent for the polynmeric material of the dope
f or nul at i Raion, FtvE0anes nay be formed from a coagul ant fornul ation

_ | _ forned 1) ag! on
and Yo T or e ot o Rl AR R N P Qe SR PR R R Rl

f or nul at idiRrdpasold necmigendst dthe @0aGtire Cbrathldtdnlan deMpiikiea Edugumeytiam C
stability of the dope fornulation when the fornulations arc cast as |ayers.

The coaguicatte sdjueehsindemsEnzbadsnass.veheoagplant ¢res pet samiise arpRedrd al of the
dope 157 it I oAl cfaﬂtﬁﬁg%'ggﬁéé@fmﬁ%é@ chid 230 Hi%g dblle | he

coagul ant. " 'As & nonsofvent, action e coagu nol ecul es
and t he potnimetiorchai ns of the polyneric material is |less than the
attraction between one polyner chain of the material and a second pol yner
chalh of the Jdpwbissrsmay e foraed fom a cargaland fymubasion sagulipageusty ¢ast wigh

sol ubi l'ityq] V. Oof . t laf 1 he dope
For mil at 1 i0r SRRl il P Bk R Hah! RRmad P o BRI Bt

menbr ane Tharosagulent.of the coagilxatnfplreslatdn baagtdnaaitmtioh sdeaodguledmnte ther mul at i on
may i nclude water, alcohols, ethers, olijgoal kyl eneoxi des and et hers of

ol i goal kyhgredxnaais stabyity af 1y done Hmudaionghanil forgplEipas arg cas s fayGisar | v

useful group i I I . 1 > §H&:

formul ati on a?@w§$?§§§¥35F%ﬁ%%%?ﬁi%ﬁﬁ??Fﬁgggﬁ?ﬁﬁhg%%gfﬁﬁfﬁﬁﬁﬁﬁfa, SSR1 -
(ORRy, - fokmlhiidn, whiter the polysnctictnmat@dl iRnsollielca thelKoagular®l Wk-alibhidientwher e n
=1to5; leis Cl11-1211, where n = 1 to 8. Rl and R3 may be the same or

di f f er entthe pigfpetiRsy bedwashihe soasulang gglaclse @nfg@ermﬁgmr\ﬁ@ﬁ@é 0?6%6 PQEWYSFrrer ic

mat eri al . f : | incl ude
2 ot hoxy St A RS En RS BRTE e BRE pllymily ERRE of AL TRl A Tiechl”

i sopr opan@lymdérehamalf thdepicgpudymerdcinateabl. Eeaoegdantmedyhyet hiyitckdab mbdity

met hyl i sabut yl ket on butyl et

di et hyl erBgigsobvenap b doed fsmulang & e Xtv SRk TeGiope it ton iopresiagap ant
May>H€  be miscible with the coagulant during membrane formation.

Examples of coagulants of a coagulant formulation may include water, alcohols,
ethers, oligoalkylencoxides and ethers of oligoalkylencoxides, polyalkylencoxides and
their ethers. A particularly useful group of compounds suitable as a coagulant of the
coagulant formulation are oligoalkylencoxides (III) of the general formula,

25 R' - (OR%, - OR’ (111
where x1s 1 to 25; Rl, R* are H, or C;H5,:1, wheren=1 to 53; R?is C.Hj,, wheren=1 to
8. R' and R’ may be the same or different.

Further examples of coagulants as nonsolvents for a polymeric material (for
example, polyethersulfone) of a dope formulation may include 2-methoxyethanol,

30 propionic acid, t-amyl alcohol, methanol, ethanol, isopropanol, hexanol, heptanol, octanol,
acetone, methyethyl ketone, methylisobutylketone, butyl ether, ethyl acetate amyl acetate,

glycerol, diethyleneglycol dibutylether, and water. The concentration of coagulant may be
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determ ned by the polyneric material and the sol vent of the dope
formul ati on, and by the processing conditions for preparation of a

menbr ane. wonro@nasasnbodi ment, a coagul ant of a coagul ant pCorusaéoatswss f or

pol yet hersul fone is water. A coagulant fornul ati on can have a viscosity
sufficient to allow diffusion of a 5portion of the coagul ant fornulation
through a first surface formed with a dope fornulation |ayer. The viscosity

of the colstpumired bydhenelamcsn magsriabandidic sekvert Ayhe depcdeaanylpsn, erd By &wat i ng
adj uvant t r-ovide,.a urdformthi ckne oagul ant..formul ation | ayer
when. cas T ORSBY ERBidsaor SRR T STy BRn® SRR LSRR TLr Al B b

properti escoagulag: fopnslhaet R4 poRethdelal bk fsatfert ensi on, general bead stability
and other fornulation 10properties may be selected to influence coating
uni formty of A keagduipsfaymuigiion crmhavest Hegostth awficisat forrdloandiffysiae f asuch as

surfactant s, to |nf n f [ on, i facia

stann 1 ¢yl PR RREhhyl Noh URBAE FHPL SRk JORAN i LB £V OF the
coagul antfofrailatibrakaly & Thawistgsiey eht couguas} formntatioRyndyebel adjitddadyghe of 20 to
4,000 centipoise. Preferably, the viscosity of the coagulant forrmulation is
in a rangddifonad acgatmeysipuveBEORIPYEF 8 anifaimy thigknessaser @agppyt forrpulatieange of
25 to 1, i pQi 0 C I j i
pon(ethaggﬁgﬁg f%ﬁpéﬁ?ﬂ§6#§ﬁ$ r|cagﬁlgéﬁhgﬁ@&%§W%g*%§?g&g%%8§%§gﬁ%g{ions

t her eof . bEh@nsidaee id el sarfagd tehdien, geaérunigeaddjabilan indbthar oo@aglatiamt
formulation is in a range 20 to 95 weig percent. Preferably, the

ht
cont®nt r ATPRAALIGMENRE LG aldrea peating unHommitypigee fyers Meens piicght
percent. 1, 9&%11% F@?g%rﬁ; Weh 1@ a0 ﬂs%agggg%\éqgﬁnf[ugﬁceasu? @9{&'1@8{%)/ be

formulation is p I"'ene gl'ycol). oati ng adjuvan
conpat i blietewhtibl dtiteligolvgnability, amt dicatiordl dfadilitg.oThenisc@ity ol ehedt@pgulant
formul ati on | ayer. The coatingwgdjuvant my be added to a coagul ant

f or nul at ifermylafiohaysne 3 seatipe sdipapitynay be ina rapgsRf Wie 40 cendrqissy as a

|ayer. The £k d?l?el ﬁgéo‘é}f?t@hhgc%%ﬁ%gg@%ﬂlﬁ% i gﬁ‘%ﬁngé bPss IRy ?6{? added at a

concentration crent"to usi on ortion ¢6f the coagul ant
f or ndul at icentipdise aghmarspre fedaldy,dh atrivgzead 26 tal 0060 aattippixeg Soantexbopleabét i on
| ayers. I n one enbodi nment, tpﬁﬁﬁgagulant formul ati on conprises water and

Y

pol y( et hyioate gty include po FiE Erebti PRIMRYdriciempeHRds Bl Cthes apdr m a

hombgeneqys, i5akilhi Hl%re‘éﬁlf.t Phe cﬁ{%@ﬁtiraﬂﬁm%‘i‘itﬁbvc%’ag g{ﬁjﬁ\?an‘% 8P4 %%Qu tthe dope
formul ati on, the coagul ant ?ornu at1on may Bg I'ftuse 1 ntd the dope
f or mul at iformilay@r is iaadango2gud ab evcidhe ppebytn®referabht, érd @hcaatasomgf thephase

i nversion, thus _changing the ther ynamc stability of the palyneric
mat eri al AR WG Brip agpnged zacs%?gmg% N T WFL?‘LFIP% therr@2ies ymer

POOs( I €gi ﬁﬁv E?ﬁé f Qb 4Bu1 A Fo R4 i§ P& (@ﬂbf&% JIGcdpfpange of the polymeric
naterialzg' ? e golvel%. f%e po y&e? ?IC re %%%ﬁforn1a cont i nuous
struct ur e and Theeopthyaduvamhinayibalcompetible @gihahs pdlgnerip aragsiabhnd/tbie resul ti ng

m crostructure..|n one, enbodi nent, fhe coati adj uvant be added to a
coagul antSO$V8PWEJfIt ¢ fope formulatqogﬁlyer. 'lthe coatcl)ng a(i]gvant Jrnay e adgea(y to a coagulant

formulation to adjust the viscosity of the coagulant for casting as a layer. The coating

adjuvant of the coagulant formulation may be added at a concentration sufficient to allow
25 diffusion of a portion of the coagulant formulation through a surface of the cast dope and

coagulant formulation layers. In one embodiment, the coagulant formulation comprises

water and poly(ethylene glycol).

In one embodiment, the coagulant may form a homogeneous solution with a

coating adjuvant. Upon contacting the dope formulation, the coagulant formulation may
30 diffuse into the dope formulation layer, and coagulate the polymeric material causing a

phase inversion, thus changing the thermodynamic stability of the polymeric material in

the solvent of the dope formulation. Polymer rich and polymer poor regions may form
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5 at a selected concentration to control the rate (kinetics) of the phase

i nversion formng a nenbrane. The kinetics of the phase inversion may be
gener al | ywoi2eoasatigssoby t he process conditions and t he comrponseas/osfedgiope and
coagul ant fornulations. In one enbodi nent, the coating adjuvant may be
added to a coagul ant formulation at a selected concentration for effecting

a phase inversion upon contacting the dope 10 fornul ation |ayer at a

pr edet er rAurag tl@retb@mmqs#ynarntdrﬂhékgﬁe@fsthapolam«?@ﬁmaéﬁr@l ithe svlrvim@tk §Pobinahe
menbr ane t di ne S|on i n
e di ot at G BRIl SRa L SR BERAR andEe BB B RE BR8P gt

fornulatugmgﬂfﬁﬂangﬁﬁ@byakuhbe phase i nversi on resultlng in a
m crostructure may be in a range of 5 to 100 percent of the thickness of

t he menbr ane Imene cpbediatcab|the caafiag a@pth@faym@@dé%@ea tosnkBt Drsplatiey be in
ar atpge at a%eltegtlecz §OIPC%[1&§’[nOH dto %“Qt{&%é ra% ettl‘%‘gl (% th@%l?asé %%Fs 091f fo%‘rg ! O 60

perce a coating ddpdvant of

a coagul aﬁémmﬁémmé klﬁaldssﬁaesl Iﬁfaseeﬂwmloafrﬁ@cme gerphidlyelidtinée bg Iﬂwprbeessul ting
in a defined mcrostructure upon contacting the dope formul ation |ayer.

Sui t abl e gfisiens ol Be cevaerantraf dope Aid eracy an%malaa@we formul ati on 1ayers
may yield cer tlg' ge B&%?ﬁﬂeﬁﬁ i éotahhg%su}lg%ﬁo '}doepa%p { @0%&}1]{18{ foﬂﬁﬁﬁﬂln? a

menbr ane for romthe phase I nv a pol'y hersalfone ope

f or mul at a8 sclottcacéednidytidnor difédtiap arphasoiagekiantupbo tonth@ingahsdepe opposi te
sides may_result in a first mcrostructure haV|ng an open celled spongy
d

mi ctdstr Jefrﬁlﬂlétl%laaerfqt pgredetprmgned dspth of gdhigkagse ghamembrans: (libetthickdiavi ng
i nter CO”[}?@@&%@L 'e%{en&ﬂ AngaL %ﬂn&}%{o%s RS ﬁrbq'tﬁ]er%%ﬂr?ge fhvAisHin gsfbé)“ on a

second s ace. mcrostructurés within a rane, re red to as
mul t i zondicretet) bs ml%procaﬁlng rcondidendunghthé typo g Hept ardindbagulait fhinudations.
filtratian plications. I n anot her _enbodi nent, a_porogen nay be an
addi tive ¥ <§ Hiopfdhe BRae iyiersion revwEng By EEHOTRIF SR MRY Pedn p SSE QY PdR for a

sel ect ed r@ogfef’c%h{é’fct é“ﬂﬁ‘c eEshd éﬂl% r?dﬂc?reg?erffes ybﬁw x o?'thetllhﬁa ate of

phase inversion wt rane ome ex ogens ude
poIyiethyhaﬂaoghmgdkaﬁarmqkymﬁdoﬁspemempmmmmmeﬁb&ﬁmhemSHamga@bmhmmmt|ons
t hereof. WD 2008/ 118580PCT/ US2008/ 054638 A sel ection of conponents
of dope éﬁ&mébagulant formul ati ons for sinultaneously casting |layers for

formng m cropgiausn t’Bﬁ gP%%héen‘?r%ﬁ? ?P& cf%lﬁg\égmleﬁ%f%l%%g giof a

coagul ati on bath In I'scl osure hase 1nversion
el i m nat efsrraulammt isyce]dommm ¢féenm [phmeeﬁ@ersﬁlom rdsoltimig rig a iefiiedanesoshycturadi t i onal
processes. Tailoring of SQﬁnce t.rations_ of olvents nonsol vents, .polyneric

mat er i al IPOR{ANAEHNE e depg tla% elan%}u@é qalcshien elosasayiapt lgFRUIAHSN be used
h
to gent roa!ndtd'age %&h ﬂ%fglylgérgggserghegrt%,[&&ﬂal 0150% aaahfsmbuhhﬁs %fdgﬁd?oa&est hgrphase

i nver si on of or t target a specl m crostructure
for a nmentymapk, a membrane formed from the phase inversion of a polyethersulfone dope

formulation contacted by two different coagulant formulations on opposite sides may
result in a first microstructure having an open celled spongy microstructure on a first
surface of, and a second microstructure having interconnected parallel elongated pores
25 extending in a z-dimension on a second surface. Multiple microstructures within a
membrane, referred to as multizone membranes, can provide high throughput and high
flux in filtration applications.
In another embodiment, a porogen may be an additive of a dope formulation. The
porogen may be added to provide for a selected microstructure within the membrane, or to
30 control the rate of phase inversion within the membrane. Some examples of porogens
include poly(ethylene glycols), polyhydric compounds, polyethers and combinations
thereof.
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Metering the flow rate of dope and coagul ant formul ati ons, which can
correspond 10to the coating thickness, for exanple, froma nultilayer

ext rusi orwaize(s/issgocontrol the depth of a phase inversi @0TiUS2@806¢388

formul ation layer(s). Selection of a specific surface of the dope

formul ation | ayer to cast the coagulant fornulation can be determ ned prior
to depositing the dope and coagul ant formulations as a nultil ayered sheet

on a backup r ohbelegtiongfsemapyensspipinne and poaguipat fpmulationetpr gevdianparly n t he

art, a coagqul ion.bhath . faor | Sco [ in e dope |.aver,. woul have to
e sont + ALY B30 nR Sl Bk PERARMAL I R UPRE | TSI F Y

wi th new egguticibash imthis Afdlosafe Rr Gting UGSl Meivh caxERangecdtocess.
The concentration of the FOl yneric material of the dope formnulation and the

concent r AOMIKITYN prasessdar fonginedpembisncsory traditionsagincasses.f brilmingofon may be
sel egted ctoﬁc&l‘?ﬁpﬁéﬁ %oﬁ%h%saﬁén%o%%tgﬂioﬁﬂl%“c IS Il leRs oL 408 | he
for iUl ations Wit hout Or With & Bac p 1o 1©oF enporary support. e

concent r ainid @ba@ilarf Gbintlgatiody elay Rfustd® @apsl dodate oapkdsatinverksidgiatidratol ons nay
be selected to maintain a viscosity sufficient for casting the dope and

coagul antth¢ denthphthicdhase ipvirpionedia pplidlarered shast: op mgEeet AvRICiOn at an
i nt erfac%ﬁ%ﬂﬁ@tﬂf&#&?a%ﬁ{éne Vi scosities higher than an appropriate range
ously

needed for si multane casting and phase inversion may form a nmenbrane
having |ittle Metktsg the, flanthtybddetane caamulkit fatnusaionsisviish taocdrR¥pdmsul ti ng
in a lowviscosity formulation, a nenbrane structure nmay be unattai nabl e.
111 Ut r attedhs goatipgthigkniess, forexppies fremcy mukilayse extgmiqnghs.dasneoaiobicor a

mul til ay i.on. die: i i r f m : 4 r..sheets.
The. i ¢ 1Rl iRl Siof 4 BhE AR FRRIR P S A18h B MG HRe < Docea
adj acent dfehaddpadtnpulatidd laZdQo cdhehda@akulpnt folrhulddéh ta & dotdraliaddl feiored |t hat
recei ves extruded | ayers fromthe extrusion head 220. In sonme enbodi nents,

the backulsPpaiing Buclopayndbenagslial foymulappryas aampitifpyeregehegton ajgekup roll or
2008/ 118%&9@’&5@#%8?&/ ﬂ?&ﬁ@ﬁprayé%p&f&es&tb%d%%teawQ%Qaélﬁé@@%aéﬁ &l S, sheet)

as they procee orm a mcroporous nmenbrane. extrusi on head
22019f FldGagulatinycthudepe ayctopeulll davadodic contimatly tfitteBilbrahecananubftht bath
formul ation cavitjes 300, 340 ending |n. extrusion slots that serve as

pat hways rsmevedc@éw?lu%ﬂ Wyh opw capgdant lighaghip é?ﬁ“%l’lwﬁ‘éﬁqt §HdangHe

di mensi ong,Qf the extrusion slots may be conveniently established by

pl acing precision nmetal shinms of a necessary thickness between bars of the
di e. I n carryiTig coutertiagomef tho ghobyimdrivenaaered e thedd ope faxsnur &jonzand alpe

formulation is i.ntroduced.into cavi 320 fo S to subse uenfl%fif orm a dope
f or mul at i SGRCqNEEFEPD ohgicpafingadiuyapbofdhi sereurast ﬁqﬂ“& U8R MHEPCE LR D duced

I ntgy CaViﬂrBﬁae 308ble formulation viscosities for casting the formulations without or with a
backup roll or temporary support. The concentration or solids levels of the dope and
coagulation formulations may be selected to maintain a viscosity sufficient for casting the
dope and coagulant formulations, followed by subsequent phase inversion at an interface
between the layers. Viscosities higher than an appropriate range needed for

25 simultaneously casting and phase inversion may form a membrane having little porosity,
and where the amount of solids is too low resulting in a low viscosity formulation, a
membrane structure may be unattainable.

[lustrated in FIG. 1 is a schematic cross-section representation of a multilayer
extrusion die 200 which is capable of forming multilayer sheets. The multilayer extrusion

30 die 200 includes an extrusion head 220 disposed adjacent to a backup roll 240. The
backup roll 240 is a rotatable roll that receives extruded layers from the extrusion head

220. In some embodiments, the backup roll 240 may optionally support a liner 260 to
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10and/ or 340 to subsequently form coagul ant fornul ation |ayers on one or
nore surfaces of the dope formulation |ayer. In FIG 2, an enlarged
vi ew of dwODanés/dsisaken in FIG 1 is illustrated. |n det acii/ud2oosheicdope
and/ or coagul ant formul ation(s) are extruded from extrusion head 220 of
FIG 1, specifically fromthe extrusion slots extending from cavities 300,
320, 340 creating dope 15321 and first 301 and second coagul ation 341

f or mul at isgAeort the cppxtruded layiges (i es, Siept)dn dhayi nreeced da faame meeriosy 1

coagulan%n%ﬁ&gHéations arc drawn away by contact with the rotating backup
roll 240. e nultilayer extrusion die 200 controls the formof the article

shapi ng a cyl img@rdxeakiophpal 11007 FIG. q inclghaet dopiEb @il ftgpnefavit 826 eidrul at i ons
can be either self-nmetered, 20for exanple, a constant pressure solution
handl i ng oygtlarhfpardptinn eaveics 808 HM0gindimgan ehisysiqr Hets thas sgue 85 patbwayhoxes or
centgifugal pumps. of pre-nmetered _for anp! Slti di.spl acenment
Cyrihoe maho g e R B ns g PR s PRI RO RE

rel ative di@s ilag beicehvenainély epabikhefl by beactdSiredbibh nlcall hinshigatnecéNafeby
stabilizing the basis mekght of the inconpressible |liquid sheet at a

desired phisleassbaivieer bgtglofighe dig An gt riag opbthe iuthadrf the pigecnt dipeloseiet 5

conpri ses, Si e asti. 0 0 | atjan | ant
For hul at g RAhARERS | efER 08 A R BRSO AT AR RR ol SEBPE o e
wher e dopBrm@aisitlagea@imanitly, 4Qoheilant fatrh@Rtidemey se GRridacdd ianeaenrsBeo . A

first surface 10 of the dope fornmulation is | ocated opposite of the
i nt &} f ac eand®r B40 etk bbetugiaidn farfecoggelantfomeulaomliaters oaguf at more wofapesraful at i on

| ayers OHhéQ&xQ%ﬂ?%ﬁﬁ&{bggeet 5. Casting 30of the dope and coagul ant

formul ati ohs 'si nul taneousl'y further provides for a portion of the coagul ant

formul ation t qn@Id, asén étﬂzirged biewdamRtai10r fakérdinl TIG. 1k aughatcheld adtgit ace 20
WO 2008/ 118580PCT/ US2008/ 054638 ef fecti ng aqghase i nversion. Theiﬁgase
i nver si ortheflopapmdsyicommrant formudationls) afe extaded fenf eitmsioathicerh220efiis Lin a
first mcrostrygture. . The . |l ayer..t hrcknesses ot _only on the
i ©11 oy P CRRFHLNGR s worysishafoss UFVALHEE GRRER PR ke delioBT ¢ ne
dopes and 0agdlfet3of ahdudodhl 0ps:ul eI Yeiiul fvas € IPFTN X, Shodopt32 hadf i r st

surface 10 of the two | ayer sheet 5 may occur fromthe introduction of a
vapor as fasci¥dquidaagond 341 coagulant formulations are drawn away by contact with the
rotating backup roll 240.
The multilayer extrusion die 200 controls the form of the article shaping a
cylindrical pipe flow into a sheet. Metering of the formulations can be either self-metered,

20 for example, a constant pressure solution handling system feeding a slot die with either
pressure pots, head boxes or centrifugal pumps; or pre-metered, for example, a positive
displacement syringe pump that meters the flow of formulations to the die cavity relative
to the width and speed of the cast multilayer sheet, thereby stabilizing the basis weight of
the incompressible liquid sheet at a desired predetermined value.

25 A method for forming a two layer sheet § comprises simultancously casting a dope
formulation and a coagulant formulation as layers illustrated in FIG. 3. An interface 20 is
formed where dope 30 and coagulant 40 formulation layers contact one another. A first
surface 10 of the dope formulation is located opposite of the interface 20 formed between
the cast dope 30 and coagulation 40 formulation layers of the two layer sheet 5. Casting

30 of the dope and coagulant formulations simultaneously further provides for a portion of

the coagulant formulation to diffuse into the dope formulation through the interface 20
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Vapor phase induced phase inversion (that is, air casting) generally

i ncl udes a coagul ant (for exanple, water vapor) for inducing a phase

i nver si orwOth@/assgul ant can be introduced to a pol yner PCTrmst@sioade3of a
dope fornmul ation as a vapor. A high 10concentration of vapor may condense
and reduce the thernodynam c stability of the polyneric material dissolved
in a solvent. Analogous to a |liquid induced phase separation, polyner rich
and pol yratfeciiemi pPhasgilwvessien cThophaseinvewan Héhe/pppmeiipmatesid! phthe dophver si on
resultin ohﬂ%ﬁ@q1&§&ﬂﬁkh Htg£mﬁmg%%£%§tructure. Exanpl es of coagul ants for
vapor induced phase separation include water, alcohols, am des and

combi nations tfiRriepdr tHibkdesR@cpErad 6BRton the hultibgerleaiadion ok gdometrand
coagul ant forrmnul ati ons nay be cast as a sheet to forma three | ayer sheet
100 as i Ihutgkse andlew andpiigosity ofthgdope and Geggwlaptderrpulatipnse Subsaguentipbase 100
having a . l-at,i 0, a f LT 4 econ coagul ant
For b ac i0retray of B oML Oy BRe i e e BE B R Ml
formul ati offBya B®igalaht. qui d. The thickness of the dope and coagul ant

| ayers may be 20dependent on the viscosity and flow of the dope and

coagul ant ~ f or n{AP&E Phirs indisad phase dpiersiguithatiis girgrstinggraqrallyiweludgt ¢ usi on

die. An i 7 - i 30 i
dee on BhELATE QY Rt PERE LIRS SO0R R B Bl B 30
t he t hr eebelinyeducsthaei pdl9fhcriaynabgial of Mechanbanelatibeadiopgot oArmigtat i on | ayer 30

is cast on to a second coagul ant fornul ation 50 |ayer. The first coagul ant
f or WUl at i ORCAratiomAtvanep By sprdanse pshreducy thy resmadynapuc stabidEE e 70 provi de

f fl ' 10Ny ' f ' : | ati 40
ayer | SR oM SR QbR REE o0t arhltGols Lol LERTHAAH paRE T 2 Larst on.
The secondparaigl palyimer oichuhdpolgmebPo@ndgidapsre fomiadl fedn et dPodindtided fir st

surface 60 provide for flow and diffusion of a portion of the second

coagul antPhRys Reaion spsubitng igyks formption ofer Bispestiugturg| Brangey efycopgdentefdrect i ng
a 30seco %Pgﬂﬁggce'drb¥§§esée?ﬁ‘ation itﬂcludg%?e? 21001 S 'aﬁ}?'c?es %%d fcbllhﬁltnag&% tRGESF d
surfaces of a dope fornmutation l'ayer cah occur en Tirst and secon

coabul ant f or Muloat cobodiayat, snidtigle éaehs dfaopt end osugafapoiirtnalasiond magse WO
2008/ 118580PCT/ US2008/ 054638 of the dope fornulation | ayer. The resulting
phase i nf@pisisgrregitto foran ¢ threglaygighei d8hgs dlwstaied & FHp -t Flietd illneiraiecond

M Cr OSL I gl gs, oHae FPRRAR] OB ASRENLOL: 3 GEOS HEUSUAES:JIRY she

different or t'he sa avi ng an one mcrostructure. The
sel ect i orvoagulamrformauiation lay@st The taugahintafthbdrdt und beond ebaulad by t he
5concentration and sel ectiaon of the conmponents of the dope and coagul ant

f or mul at i for8ulations ok iy dBati¢knstsof thedenseand pash p Atyeryapedand

coagul ant i | e ture.
e ers B Lt T R e A e e o R T B, ancous
cast by mwafigurafiomofaumiuitilayee extexdisrudic O Andherfa@07®imaf b&Sforimed Wierahket i | ayer
extrusion die 10200 may cast the dope and coagulant,fornulations as | ayers
to form gloppdamulafjoslayer g is cast on to a first coagulant formulation 40 layer. A first

surface 60 of the three layer sheet 100 may be formed where the dope formulation layer 30
is cast on to a second coagulant formulation 50 layer. The first coagulant formulation 40
25 and dope formulation 30 layers at the interface 70 provide for flow and diffusion of a
portion of the first coagulant formulation 40 layer into the dope formulation layer 30
effecting a first phase inversion. The second coagulant formulation 50 and dope
formulation 30 at the first surface 60 provide for flow and diffusion of a portion of the
second coagulant formulation 50 layer into the dope formulation layer 30 effecting a
30 second phase inversion.
Phase inversions at first and second surfaces of a dope formulation layer can occur

when first and second coagulant formulation layers are each located on opposite surfaces
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| ayers arc substantially linear in a cross-web or an x-di nensi on. A
phase inversion process may be initiated by diffusion of a portion of a
coagul antwbanesulisgsoon | ayer into a dope fornul ati on | ayecTafSb@s/ os4sas

coagul ant and dope formul ati ons have exited the extrusi on head 220 as
illustrated in FIG 1 and FIG 2. The process can 15i nclude netering the
dope and coagul ant fornul ati ons having a selected viscosity using a

mul ti | ayer texdangdponrulaien lrpg. dihe Fesglting phagoinwersions bt the diysend hecend where t he

dope and ¢ ulant ~fornul ation .| [ rtg al | ful ulate to form
a nicropﬁwﬁﬁgmggﬁ%?gﬁggy“%ongn%%ﬁﬁaéﬁng'rggﬁgo Hgkgggﬁéﬁgﬁﬁ%gornulations at

a sur f acemicaitruttifeshhdyf Besdifforeaf ordhPQrhd Mm&hbiahes eQagUheRtthirosdeul ation into
t he dope formul ati on nay cause the polyneric 20material of the dope

f or nul at iTWrasgUBEEL MECtRsFHONgaMbENF JierRsTETes mr be Hutherselrecdiy Bk al
can of ec'&p&&&&%% {&iBR LY AilleoRTnohdfts SRS d‘é@é E&H {’b}%gﬁgntff% 2o
rng phase | o]

m croostructure. nver si oh, regron ope ftornulation

| ayer ar exndipedrebdingednditiss C nvadhe¢rhisdditontié}@ sdsbigitint fesmARtbnS 0 beegi ons
are poor in polyneric material form ng pores. Menbranes may be further
subj ect edimpltasPydneast sl teARgraBidsequent 25dryi ng after devel opnent of
the mcrostru : i i i range
of 0,05 to 50 HehE SmybUiaEal b B gl R BiARIPRAl b TR AR 0

W t hi n a dabtyastdnd of uheulfilayersttrdsioh dg 2000TdIE. I NTRE shudtilaySiaxausbz dik my be
measured by the Bubble Point Pressure nmethod described in the Exanples
sect® on. 288reayotanthe depeansd soagulaet feaneatonseas divers toform a shepbashpre fent

et hods Y.L REIUAS, SAIVYSeliSh ke 3d, 05 aNGRE essure techni ques.

Sol vent phase i nversion’techni ques are disclosed In Keating, "Synthetic
Pol ymeri ¢ Memx ahgs invar$di peicesahayRey isiRedd byediffusiod oEdl portidalofi a \Sbhgyanand
Sons, 1995. WD 2008/.118580PCT/ US2008/ 054638 A phase inversion of
this di sdPeaypomigyernine adppedpmpulaiamlays afisplcspacargnd dere osnratians on

|ayers t h{agygﬁte% thé IB%&;—&EJH 449269 ﬂﬁ@&at?%?xf | RfG. 1 ﬁl(f)?{é.if?nﬂ%rprgcegg ul ant

formul ation [ayer d uses 1 nto a dope on | ayer. e coagul ant of
t helfoaguhéonde motemu} aid dope Y chguldhe foraayatians Balihy a sdeqped Vibt@itwubingtahe
sol vent of the dope 5fornul ation and/or other additives in order facilitate

novenent TBWEIEF eiapon d 2Qhef BliSadurdatm aintuiilay erseedopbere diadarsenén | ayer .

The coag I i MRAG | e i C Lal of
t he dope °a§§?ﬂﬁéﬁﬁggﬁgp?%%sg%?%gigy o&‘%%ﬁ%ﬁ%ﬁ%ﬁ%?}%H%#g@ﬁé&38 yh@%?c
materi al in theomsatveddpe ahdeobfgimBolndlytions aat ewfaecphidske diffisionioda of the
polymeric material resulting in the formation of .a mcrostructure. 10The

m cr ost r JOFGTeRf the coasslant fasiakeen inin thiadape Jemudatign may erusc SEPbERsic or

20 material of the dope formulation to become thermodynamically unstable. The polymeric
material can precipitate from the solvent of the dope formulation forming a
microstructure. During phase inversion, regions of the dope formulation layer are rich in
polymeric material forming a structure, and some regions are poor in polymeric material
forming pores. Membranes may be further subjected to solvent removal and subsequent

25 drying after development of the microstructures. Effective pore sizes of a membrane may
be in a range of 0.05 to 50 microns. Pore size refers to the diameter of an opening within a
microstructure formed during a phase inversion. Pore sizes may be measured by the
Bubble Point Pressure method described in the Examples section. Some other pore size
and pore size distribution measurement methods may include solute retention, and

30 flow/pressure techniques. Solvent phase inversion techniques are disclosed in Keating,
“Synthetic Polymeric Membranes, A Structural Perspective”, 2" Ed., John Wiley and
Sons, 1995.
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symmetric through the thickness or z-dinension of the nenbrane. A nunber of
m crostructures may be fornmed which nay be dependent on the dope and

coagul at iwo 2bewirsdsat i ons used and t he processi ng par anmetPeraiS20usfs463s

m crostructure nmay be the same or different than a second m crostructure.
The first and second microstructures may | Sprovide a continuous or

di sconti nuous path through the nenbrane. The formation of the

m crost ruct ur & phesy leapse obihis Heclowrrmay elydsrliidesieneedape anfheoamtbnent s
(for exampl ol e terial,.c | an tin dj uvant f. the dope
nd congupiyieRd) HIRS B! £ iR gRRRET e A MR Ry 8l
further depemeienlaybaliffelintt@ dobe fordxdipheaycdrayRE céddpukneshy cefguldne dope
and coagul ant formul ati ons and/or the rate of 20phase inversion. The

i cr ost r detrutlatiorompy bf Syymadxpagliedlysepwatble vithiac pelxed of fieedodicon mechani sm
and g el atf?ﬁm%t‘?ééé{{d‘? Rk LATREE saﬁH{r&r%colﬁﬁ% ShB%GaRahd ;n‘%ﬁ'l%fo ofthe ' 1

gener al , e pores oF & fricrostructure nay be open and/ or closet cells. A
first facpagiladthathie e dope fomyuldtivndaye] The vedgulammalal cdhaniey B¢ pores, while
the second or opposite face may have relatively |l arge dianeter pores. The
rati o of pepnerativje wih the nohamgriGmaterigiofdle depedures readuging the selyncg®Eond f ace
of the nme -1 i - 10 O - 1 venj.ent nmet hod
for assesclsglﬁ{ﬁjgﬂElllllg;i és{@ﬁr%ﬁgﬁy 51186 Qggnag%}%%t&lgtﬁgltvé& (;I?n er%%srtr%brlgtﬁégga?% ragggh t he
use of sdawngkitg oftheglolyanerid atesslapyuliipEMthe forfratién of a i@ePphetdrei s a SEM

m crograph illustrating the generally symretrical porous structure. The
por €& nay havel ls?ﬁnl&wrragtgre@iogmr@@m@ﬁn@ﬁ%h@&e POCHIVEFHTEC APURKFIGRI y, t he

por e di anehaked;ulfl AOLRAIYS. O LaitichGodBr e thdiifand ' AiGEIROTI ment  the

pores of m Cr oS ure have a generally symmetrical norphology. WO
2008/ 1185B1RESSTrl 520 AdHydAodBed which ndy(be dpeddebxanihlelope hisd esagblabibim cr ogr aph
illustrating a nenbrane having first and second m crostructures. The

menbr ane fRERuationsusedand the PFQsEE RGPSy A fiFss frigiRgrucdEs MayrosdBeSa& endi ng

in an x- ngC’E?ffPérE@r{ha fdcbid nfi@GErRaRe AThE Fiftk af GlcBd ﬁl‘i'%%fcﬁggs"@)g paral | el

el ongated cylindrical pores extending in a z-di nension rom a

mul t3 | ay groalle qdottinuodyucedis@haasosgpdr thtdugh thellnembenonThé damatias ofithsecond
m crostructure having %@I i psoi dal pores ,forfmed froma vapor induced phase
separ at i JRiCTqsfragtutes glayplenghyt @ BieicPNGEafraten-Q S&H&ﬂfftg%@r%moaﬁn%foanar view) of

the first § . f.ferent
coagul at iec))(%&P gef %lyg{t%ﬁg @%g{ﬁ@&?? ¥%l-$%gh€o% g é@hg%t?%%tﬁgg@?%ﬁ?%? 1iflton

ef f ect i ngfophasgorisn e snarplsglogshotthe magrostesutlirt nay futtkerfdeponat érothe efictaing | ar or
10di fferent mcrostructures on_ the faces. In one e diment, an
article eéalaa%[ﬁers feleesst @f %6 ARPS erf@agliﬂa%ttfoawa%%&gg%r thegategtt endi ng

ocand [ heTae S Dod B IRk IR Gl B! T SRR R e FRRIOE, .
i nt er conneathedistay andeldted gtssarchmslgcapdature postssingtconéisiond 5F1 G 8 of Exanpl e
31s a SEMm CIL% Irlé;}rglt]tﬂell)lolflgstorf%trlll% os?rugcﬁpeb rgla%p ge Q}?e\{li al;]l%/ofric{oségd cells. A first
face of the membrane may have relatively small diameter pores, while the second or
opposite face may have relatively large diameter pores. The ratio of pores sizes at the first
25 face to pore sizes at the second face of the membrane may in a range of 10:1 to 100:1.
A convenient method for assessing the symmetry and pore diameter of membranes
is through the use of scanning electron microscopy (SEM). FIG. S of Example 1 is a
SEM micrograph illustrating the generally symmetrical porous structure. The pores may
have an average diameter of 0.05 to 25 microns. Preferably, the pore diameter is in a
30 range of 0.5 to 10 microns. In one embodiment, the pores of a microstructure have a

generally symmetrical morphology.

-16-



and second m crostructures. The dope fornul ation | ayer of Exanple 3

contai ned a porogen, and the first coagulant fornul ation |ayer conprised a
coat i ng awprvesntisssthe depth of a first mcrostructure i RCA/US2a8MBLE3$ ON
formed by a nmultilayer liquid induced phase separation is in a range of 5
to 95 percent of a nenbrane thickness. The depth of a 20second

m crostructure in a z-dinension fornmed by a vapor induced phase separation

is in a range I9G.% afd&xemppe? sant S nikwemehtHestating p arenebgane having firghi ckness
of the menmhranes ma e .dependent on the thickness of the do nd
S bagns antfR R OER AL Hon Bkl b RofiSR et oS P afta o

sol vent s stedddowes dRiendingiingn xIimeKIGS S& Fir&ffadditns AETH AR sHaytuRehavingt he
range of 20 to 200 microns, and 25nore preferably in a range of 40 to 150

m crons. Ml poegaedenlipdrictlwomsiesteadmgtink erdigsssion farmed fioanggubilagy to 100
Merons. liguid indhGd s g&{igﬁ”‘fhe Selhd TAPRIOYS CHEJ'R{@BS i egsviﬁgr med by
ope fornulation i n et en II’& and s

si mil t aneously "casting a etwe etond

coagul antelligoral péreofsmed R@ntePidor dfduded piaSE sdPadtidat FICT B Ek@npRE by a
mul til ayer inducedjphase separation is in a rangg of 5 30to 95 percent of a
al

nmenbr ane ithitekasasyirfaqhican éppparaiicve) ofdeofitst fice pbBeririnkraec. f Bradapeby a

rermbr ane P REAGE R R BEAM Sl rbyBulRoBT S e ReIpr ASLERN' 1 2
enbodi menfbrm@atidrcEfBREne Phasvenurdoss, Ravdhngay tekslt inothd f&amena onNigfiasbr uct ur es

formed by nultilayer induced phase separation and vapor induced phase
sept? at i chifereaispiceestivetues amghe fages.f erent first and second nicrostructures.

ofttr . t and secc
S or ost ruot ungant sPRBY TSR AR RN G BB Lo B B P B REond

di f f er entfaddsrestending is &€ @RlimBhLF0 STHdtstifaeS had Mfishmi@ohadiurgnind tied | east two
dope fornul ations and at | east two coagul ant fornul ati ons. bei ng
si mul t anestRdyfagekas aggepdypicrestrugiyrg. ohe st angrpseqnsl fagesar¢/ mgsroselgdPunt t o

L0 T UG LG PPLRUA ROt anc, 1011 i1 be appr et at od Tt one Lo
coapiul ant | ayeri&. GafHxiaiphd3 ¥ SEMI reiczopngs idustrtia g ashdniorhnk Bs/ing first
and second microstructures. The dope formulation layer of Example 3 contained a
porogen, and the first coagulant formulation layer comprised a coating adjuvant. The
depth of a first microstructure in a z-dimension formed by a multilayer liquid induced
phase separation is in a range of 5 to 95 percent of a membrane thickness. The depth of a
20 second microstructure in a z-dimension formed by a vapor induced phase separation is in a
range of 5 to 95 percent of the membrane thickness.

Thickness of the membranes may be dependent on the thickness of the dope and
coagulant formulation layers when cast, and the subsequent removal of solvents followed
by drying. Thicknesses of the membrane may be in the range of 20 to 200 microns, and

25 more preferably in a range of 40 to 150 microns. Most preferably, the membrane
thickness is in a range of 50 to 100 microns.

In one embodiment, a microporous membrane may be formed by simultaneously
casting a dope formulation in between first and second coagulant formulations. The depth
of a first microstructure formed by a multilayer induced phase separation is in a range of 5

30 to 95 percent of a membrane thickness. The depth of a second microstructure formed by a
multilayer induced phase separation is in a range of 5 to 95 percent of a membrane

thickness.
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Applications such as use in filtration, reinforced adhesives, and drug
delivery properties can be envisioned. The utility of the process resides

i n the abwbizbes/tigsshor m 15por ous nmenbranes useful for m ecoAfSeémsnatsdoON and
ultra-filtration applications. The invention will be further
clarified by the foll ow ng exanples which are exenplary and not intended to
limt the scope of the invention. Exanples 20The present invention is nore
particul arly desesicmbddinent, geniceiponis meneiamphaesna first angkseconsk ended as
illustratjions, onl i n nuner Qus. i fihcations..an ariation ithin the
scope. of TRENSRRun SRS HIRIGT IOBE LS R B LB AR he
art. Unl esparatibigia¥ps@iveBt Gdve diftbrepafifss anddekeNindgesucaies. rati os reported in
the followm ng exanples are on a weight basis, and all reagents used in the
exanpl es wer e 18narcmbadiment, grpiceaparqus nenbramss haying fivst aesered  suppliers

descy i be |.OW... Or nt hesj b 0 | - | Bubbl e
Poi nt Pr gggﬁ%sgmftﬁ%ﬁ)fmeﬂ@@é[tlgaﬁgglrnéggidl%%%}ég%bgl? ﬂ%ﬁ%ﬁéﬁ?gﬁ% nts were
recor ded soeordiimitrosttuatiieiser pre-wetted m croporous nenbranes. 30Water Fl ow
Rate (WFR) - WFR neasurenents were recorded on m croporous nmenbranes. The

rrﬁnblranes wer dngne cpbpdiggniiat ha$t§wyprd@p%1fﬂsmu&\ﬁian%@rcdﬂt£%tM@agulAEheasure of
2008/ 11 95aBER T OERshE el o ity LIS R Ronk iy BRRBISRERYEN' TP oot e

(59 cm ( Hghyulumso feraos tatizons tidbporaes methbismef ur t her described in U S.

Pat ent Nos. 7,125,603 and 6,878,419 (Mkala et al.). ) Sur f ace
tref ment - Pllawihbe pRseGiRAE fasfongiabs abledo foimy A iMBiizeRcMiGiPA P sur f ace by

exposi ng j I . i pl asma
state form?@@hnﬁlﬁ%(’eléé %ﬁg%d%c%ﬁga%@aﬁgg%t %&ﬁllgp%%{n%oi y(?1 1rei %né%}?rf aces have
been desanichsductordshul bc, K. C. et al.; J. Menbrane Science; 171, 2000, pp.

273-284 and Bauer, CJ.M et al.: J. nmbr ane Sci ence, 57, 1991,
307-320. Exanphepligations such as use in filtration, reinforced adhesives, and drug delivery

properties can be envisioned. The utility of the process resides in the ability to form
15 porous membranes useful for micro-filtration and ultra-filtration applications.
The invention will be further clarified by the following examples which are

exemplary and not intended to limit the scope of the invention.

Examples
20 The present invention is more particularly described in the following examples that
are intended as illustrations only, since numerous modifications and variations within the
scope of the present invention will be apparent to those skilled in the art. Unless
otherwise noted, all parts, percentages, and ratios reported in the following examples are
on a weight basis, and all reagents used in the examples were obtained, or are available,
25 from the chemical suppliers described below, or may be synthesized by conventional

techniques.

Bubble Point Pressure (BPP) — ASTM Standard E-128-99(2005). BPP

measurements were recorded on 47 mm diameter pre-wetted microporous membranes.

30 Water Flow Rate (WFR) - WFR measurements were recorded on microporous

membranes. The membranes were pre-wetted with isopropanol and deionized water. A

measure of the length of time required for deionized water to pass through the
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10Dope and coagul ant fornulations were fed to a nultilayer extrusion die of
FIG 1 (U S. Patent Publication No. 2007/0128425) by syringe punps (Model
PHD 2000;wbanesarisssAppar at us; Hol i ston, MA) which were msedst@snetcss t he
dope and coagul ant formulations to the cavities of the multilayer extrusion
die at volunetric flowrates ranging from5 to 40 m/mnute. 15A nmultil ayer
sheet was coextruded froma nmultilayer extrusion die and transferred to a

backup r ghicraposnidneiiirale wisien Fralueedepiesstrp@P yasttiy)) et recouledi mbe PRt o 50
mcrons in_ thic s) n T i Vv, t i ne
speed of I&?hocz:lr?ﬁr%gﬁ\e&tdg\.sl\&%ea?ntﬁ%?&%ﬁﬁé?'b@ of&%fa\{\l?%é@%n Ita |C( ae>l/<§lra eg?l(]t')r‘usi on
die was fed a Sipfec frestMdhat Plasm®ircdmehd dmuebgids inéludal stetihe ficrsuetecd PEI )
(melt flowindex = 9g / 10mn.; Signma-Aldrich; St. 20Louis, M) dissolved
in 1- met By expogye iHde painaieol vmd Cdis gpaiflngr@piophnc) o theipdaing staypfor(vi scosi ty
= 269 centi poi .at e / h ' Lots of the
i 11 ay e BE SR B B bRE8} e ul ool R R iR R AERADEAI 90 vt gnt
percent gohyed, KyCeaeal gl Wehbase 8ciefe; il nY, 200D wany3-OREendBR)er( Malncatl ar

wei ght = 400 g/ nole; Sigma-Aldrich; St. Louis, M) and 10 wei ght percent
wat er as % & brane Sciphee, 97 stE9di P 39%-38P. t he coagul ant fornul ati on was 70
centi poi se. The dope and coagul ant fornul ati ons were cast as |layers on to
one anot her through the nmultilayer extrusion die formng an interface, and
the two- IEy@ipledati ng was commenced with a gap of approxi mately 500 m crons
between the nmultilayer extrusion die and the backup roll. The results of

t hel@ul ti | ayerDonsciied sqagnay doinpeions srerafed to pnyd tilageraatiupion gie ffdés 1
30sectio o) i ifical . |, tol {Cr opor ous
menbr anert?asrl'%bgé ng ar agklglrl ﬁg?%O(ﬁf)//Ol?@?nf%ﬂa}sghége 8@%@%@%%@?@%@%0% si ze
di anet er ot ardlosparatud; BloRigiarg MAFwhic G20 0&/d k4 BB R dd4520Q86004638 The
nor phol ogy of the nenbrane is generally symmetric extending fromone face
of the nERBREAORSAO Hhearaniies obthgmplelayer axtiypionfdig ghyolmarc dAy rafep sanging
coagul ant L atlion: re fed to a nmultilayer extrusion die of FIG 1
(U.S. Aol ST AR E 2007/ 0128425) by syringe punps (Mdel PHD

20005 Harvar d Appdiilaydishedtiotas icsEarudedbmmimahildas ckiseiort dic arl aandfhecdope
formul ation and the first coagulant fornulations to the cavities of the
mul ti | ayep 2adRelupsiolpraing vaticly eprapastredted polygsterfilasbackingi(3Q ta 2 Gmiasonrsgngo

m / m nut e[hicﬁ%os‘w]«é%wnggﬁd. %%%Bcﬂi'ﬁ‘g wakhawdedh étraqEHetnge(mﬁl sl AR fiXt r usi on

die and trans
The center slot of the multilayer extrusion die was fed a dope formulation of 15 %

by weight of polyetherimide (PEI) (melt flow index = 9g / 10min.; Sigma-Aldrich; St.

20 Louis, MO) dissolved in 1-methyl-2-pyrrolidinone (NMP) (Sigma-Aldrich; St. Louis,
MO) (viscosity = 260 centipoise) at a rate of 16 ml/min; one of the adjacent slots of the
multilayer extrusion die was fed a coagulant formulation having 90 weight percent
polyethylene glycol as a coating adjuvant (PEG-400) (Molecular weight = 400 g/mole;
Sigma-Aldrich; St. Louis, MO) and 10 weight percent water as a coagulant. The viscosity

25 of the coagulant formulation was 70 centipoise. The dope and coagulant formulations
were cast as layers on to one another through the multilayer extrusion die forming an
interface, and the two-layer coating was commenced with a gap of approximately 500
microns between the multilayer extrusion die and the backup roll.

The results of the multilayer induced phase inversion are illustrated in the cross-

30 sectional SEM shown in FIG. 5. Specifically, the resulting microporous membrane can be

characterized by a mixture of closed cells and pore size diameters of about 1 to 2 microns.
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to a backup roll around which corona-treated polyester filmbacking (20 to
50 microns in thickness) was conveyed. The backing was advanced at a line
speed of wbQoesmisssmi nute. The center slot of the coati ngcuius2asssfeesl a dope
formul ati on of 13 % by wei ght of polyetherimde (PEI) (nelt flow index =
9g/1 Omin.; Sigma-Aldrich; St. Louis, M) |Sdissolved in

-nmet hyl - 2- pyn-ol i di none (NWP) (Sigma-Aldrich; St. Louis, M) égiscosity =
260 cent i Puimephelogy of dicanambrage ivigensrpllo slanmetricisateadingdeone org Bee obthet he

mul til ayer trusion.die was fed a first coagulant fornulation having 80
wei ght pé?%gﬁ?ng§1?%@ﬁ§1ene gl ycol as a coating adjuvant (PEG 400)

(Mol ecul ar weight = 400 g/nole; Sigma-Aldrich; St. Louis, M) and 20 wei ght
percent water as a coagul ant. The viscosity of the coagul ant 20formnul ation
was 54 cditameZe. The dope and first coagul ant fornul ations were cast as

arers on < 5,050 SIS ISP LM NGS SETApRI T REL T 1 2

ace I on 'l ayer was Bbposite t he

i nt er f acextrasiordid ¢fENG. N8 U Patdho Pablicatib® NoaPeh 72@agud Sy dyeinpaip@hpoOn

| ayers. The two-|ayer coating was comenced with a gap of approxi mately 500
nmi crons H&MagdsbRHPRO0R Heqved Appasstps: kel Byfori MAA mdghgaspusisd éqcpter dieidopp,
second c ] Vi I . r i first
sur f ace gpriffin ST ERAM Mt RRichs KREG MR A OhE ARMASM Bkt g™
a vapor ididucedurpitas glosenas aingmy froaletof4rmuhaiukton and first coagul ant
formul ation | ayers were cast as descri bed above undergoing a |iquid-pol yner

i ndited phase A 8pdiilaysrehedt oras sweadgobym disgselilrast cdmsin e ant transéerfadr st

f t . t i B | OF St
ot and g SR iR GEn L RRGES FOCRREIMEL:Re ) BES0 BREhs B Ve™ vo
2008/ 1185BRREHS JUS20QBA O5edic I uoititg twis advanesdearimbpud &0l Santh 6RMuas

mai nt ai ned. Oven paraneters used arc listed in Table |I. Table 1. Oven
Confi gurati on Thegsateq slobefdthe coating die was fed a dope formulation of 13 % by weight of
polyetherimide (PEI) (melt flow index = 9g/10min.; Sigma-Aldrich; St. Louis, MO)

15 dissolved in 1-methyl-2-pyrrolidinone (NMP) (Sigma-Aldrich; St. Louis, MO) (viscosity
= 260 centipoise) at a rate of 16 ml/min; one of the adjacent slots of the multilayer
extrusion die was fed a first coagulant formulation having 80 weight percent polyethylene
glycol as a coating adjuvant (PEG-400) (Molecular weight =400 g/mole; Sigma-Aldrich;
St. Louis, MO) and 20 weight percent water as a coagulant. The viscosity of the coagulant

20 formulation was 54 centipoise. The dope and first coagulant formulations were cast as
layers on to one another through the multilayer extrusion die forming an interface. A first
surface of the dope formulation layer was opposite the interface formed from the dope
formulation and coagulant formulation layers. The two-layer coating was commenced
with a gap of approximately 500 microns between the multilayer extrusion die and the

25 backup roll.

A second coagulant having a coagulant as a vapor was introduced at the first
surface of a multilayer membrane having a first microstructure resulting in a vapor
induced phase separation. Dope formulation and first coagulant formulation layers were
cast as described above undergoing a liquid-polymer induced phase separation followed

30 by subsequent exposure of the first surface of the membrane to water vapor created by the

injection of steam within an 8 meter long drying oven. Through steam injection, a relative
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Zone 3 Air Tenperature (F) 120 120 120 Nozzle Type (*T/B) --- / Airfoils
--- [/ Arfoils TEC TEC Air Pressure (*T/B) 0.5" water 0.5" water /1" water
5 T/ B: TonpOBRoasrassspai rfl ow configuration of air flotati @eaTns2@i8ms4608 ai r
bars - TEC (G ace TEC Systens; DePere, Wsconsin), and Airfoils (G ace TEC
Systens; DePere, Wsconsin)). The results fromthe nultizone

m croporous nenbrane arc illustrated in the cross-sectional SEM shown in
FIG 6 arfdnpfiinerbapivesy dourd@and7o0%spee indietaineyg. Overepgraggiers yrgd 20misttdopor ous
menbr ane .| sl.él%pa{act erized by a m xture of closed cells and pore sizes of

about 1 t'0 M Crons in diameter. The first zone of the i quid induced

phase inversion has a norphol ogybleap OsefR Waoifigueatidn pPor ous el ongated voi ds
havi ng a thickness of about 32 m crons (about 50 percent of the thickness

01;] t he ngmbrane Ln a Zz-drmensjon) Zoﬂ@? se ong’ Zphce PTthe vapgf,diauced
pnase 1 nvet ShO! elrln%bera?urbe*(&#jgy T Ct Uih(’) acture navt 1% a 120
Nozzle Type (*T/B) --- / Airfoils --- / Airfoils TEC/TEC
Air Pressure (*T/B) 0.5” water 0.5” water 1/1” water
5 * T/B: Top/Bottom (airflow configuration of air flotation nozzles or air bars - TEC (Grace TEC Systems;

DePere, Wisconsin), and Airfoils (Grace TEC Systems; DePere, Wisconsin)).

The results from the multizone microporous membrane are illustrated in the cross-
sectional SEM shown in FIG. 6 and planar view of FIG. 7. Specifically, the resulting
10 microporous membrane is characterized by a mixture of closed cells and pore sizes of
about 1 to 2 microns in diameter. The first zone of the liquid induced phase inversion has a
morphology representative of porous elongated voids having a thickness of about 32
microns (about 50 percent of the thickness of the membrane in a z-dimension). The
second zone of the vapor induced phase inversion has a spongy microstructure having a
15 thickness of about 35 microns (about 50 percent of the thickness of the membrane in a z-
dimension). The pores of the first and second zones appear to be interconnected across
the zones with different pore structures.
The membrane had filtration properties (BPP) of about 20.8 psi. WFR testing
resulted in no flow without surface treatment, and the WFR was minutes with both sides
20 etched.
Example 3
A dope formulation and a first coagulant formulation were fed to a multilayer
extrusion die using a similar equipment arrangement to Example 2.
The center slot of the coating die was fed a dope formulation of 13 % by weight of
25 polyethersulfone (PES) (Molecular weight < 60,000 g/mole; Solvay; Alpharetta, GA)
dissolved in a mixture of 1-methyl-2-pyrrolidinone (30 weight percent) (NMP) (Sigma-
Aldrich; St. Louis, MO) / polyethylene glycol (70 weight percent) (PEG-400) (molecular
weight = 400 g/mole; Sigma-Aldrich; St. Louis, MO) as a porogen (pore former). The
viscosity of the dope formulation was 3,400 centipoise. The flow rate of the dope

30 formulation was 20 ml/minute. One of the adjacent slots of the multilayer extrusion die
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15 thi ckness of about 35 mcrons (about 50 percent of the thickness of the

menbrane in a z-dinension). The pores of the first and second zones appear

to be i ntwocoewasised across the zones with different poPETASRUSIHHES .

The nenbrane had filtration properties (BPP) of about 20.8 psi. WR testing
resulted in no flow without surface treatnent, and the WFR was mi nutes with
both sides 20etched. Exanple 3 A dope formulation and a first

coagul antwésdedralcagguiant fesralgtion at o flawniatergf] 1Qyrek miwte. yBiedwodpecrgopting a

sim |l ar egui nt r enen EX I .. Th nter..slot..of the coating
i o was 1o ST SRARARS 8 8e S, S0f i g SSRGS rPliRsrsur t one
(PES) (Mxeasibadicmidghd backGPrél00 g/ nol e; Sol vay, Al pharetta, GA) dissolved
in a mxture of 1-nethyl-2-pyrrolidinone (30 weight percent) (NWP)

(Si gma- Al dri ch) s&ond ceqgudant pay upedys jaypentigr redacy iy Bmpled. wei ght per cent)
(PEG 400) (nolgcul ar i ght. = 4 I o S ?1 rj.ch; uis, MO as
a p(c)%r ogen (por@le]chr S‘Sﬁlrlr%\r%o.ng %ﬁeﬁr&?és%%ggﬁf{ggﬁ @Pzﬁr?gnn%%o 89%118%:?{5? bg%lileoér-]fgwas 3, 400
centi poi sgustrbifel ih K@, 8aSpedficdlie tidapslBlf @iotdporbisaiemBidinBadrad spoaut e. One
of the adjacent slots of the multilayer extrusion die was fed a_ coagul ant

f or mul at i¢§Hulat merhoirgyrhay messporp siggisibuaon vhebauh8-Or hpesroep atherfistwese
conmmence i th | hat.el .Gl t . il ayer
ext r oot o To b TR AR LBRELRELT oo dPaa REWME S AT PHIBQEY T
manner as7SExafgiseand a &thed p@sid tohcfreuiiiigRorh dlidwaipoohdatcdophind §dpaanien

m croporous.  nenbrane are illustrated in FIG 8. Specifically, the resulting
nmi ct®por JWEIngentpPaeMEEestatUEp B & BrckicsyofibPWHe BYOavi ng a pore si ze

di stribution t.0.H- .Gl i f i quid. i nduced
phase inversi glﬁlheﬁggﬁp%%ozg?ﬁléﬁqggﬁgla %%S‘%Eg‘fééféﬂe?%{c? nﬁi%P ﬁlt o thg gwé)gf %gﬂdﬁw

m crons, aec@hingbotickifarodtis memdranesul ting fromthe vapor induced phase
separation 10having a spongy m crostructure had a thickness of about 25

i crons. Varus pedigsions spdaliceasionp phthirgneentogaullibegnparenito thase t he WR
was 18 s t i i f T . Vari ous
o T cor Ry BEET W EAGRIBHRk fofl HE Sechl st o BN vontion, and VAT 1S
ski 13 ed ishotldéecamticrsiob chut thde patitiongis hoohmttbdtosthe jRisantil esgemernts ot forth S
invention, and it 15shoul d be understood that this invention is not limted
to the i INt&Rrative el ements set forth herein.
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CLAIMS 1. A polyneric nmenbrane sheet having opposing first and
second surfaces and characterized by having two porous

m crostructures; a first mcrostructure being nearest the first
surface and conprising parallel elongated cylindrical pores extending
in a thickness dinmension, and a second mcrostructure being nearest

t he second surface and conprising ellipsoidal pores; wherein a
portion o% Bﬁ§¥;|rst and second m crostructures are open at the first
and secon ces, respectively. 2. The polymneric nmenbrane sheet
of claim1l, wherein a depth of the first mcrostructure is in a range
of 5 to 95 percent of the thickness dinension. 3. The polyneric

menbr ane sheet of .claim 1, ,wher dept h of t e second
ooty ubt o A oty pisimpbtgr sl BnGal bibingt Moy SRf Sorondoriages and
di nensi on.

characterized by having two porous microstructures; a first microstructure being nearest
the first surface and comprising parallel elongated cylindrical pores extending in a
thickness dimension, and a second microstructure being nearest the second surface and
comprising ellipsoidal pores; wherein a portion of the first and second microstructures are

open at the first and second surfaces, respectively.

2, The polymeric membrane sheet of claim 1, wherein a depth of the first

microstructure is in a range of 5 to 95 percent of the thickness dimension.

3. The polymeric membrane sheet of claim 1, wherein a depth of the second

microstructure is in a range of 5 to 95 percent of the thickness dimension.
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