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
| ayer. By mani puIPeR@ﬁ@Sﬂ'l%()Bm}NﬁMm PORQEP NIEMBRASMES nver si on,

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.
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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

2



resulting in formng mcrostructures. Casting the fornul ati ons

sinmul taneously with a nultilayer extrusion die formng a nultilayer sheet
renoves twe 20aseqs3sh subj ecting the dope | ayers to coagulPariuspoosmasdsss A

mul tilayer extrusion die renoves the cost and conplexities of nultiple step
coating processes, where individual |ayers are coated. 5Further, the
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t he t hi clkeeEdpdexdficsto anuiipp siensoatifigddraedserst Whercandyidpaldayqie pigreeatedr t he

nmenby ane. i ef ripti f 1 i . Fl ] i
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3 is a schematic representation of nultilayer sheet having a dope

f or mul at ibsrformagachaving layers afsncaiitc thisknessesttp spct pyrtigular specifications as ap| G 4 j s

a schematj.c.. i Qn i i | ayer in
2000t neordFPLROARAL, Atclbuly Ml A SEF Lol B BB | LG 15
a SEM m cfie@ssapprotidas for sElegaicalisitdaphassiaviisiohNén@rottingrtbs tepie baithe of
Ex§g$le 1. ) FIG. 6 is a SEM m_crograph cross-section of a m croporous
memb? ane Mavs nyersiopgtithm thedbickprss ff hedaambreng pad sgectipgapiceosgructagrios, 7 j s
a SEM niqﬁggéﬁ%gm&planar view) of a mcroporous nenbrane of FIG 6.

FIG 8 is a m crograph cross-section of a m croporous nenbrane havi ng
first and second mcrostructures of Exanple 3. Detailed Description 30For
the follow ng defined ternms, these definitions shall be applied, unless a
different definition is givgﬁefﬁeﬁﬁﬁnwmdﬁﬁﬂe5V3€F§@mhere in the

speci fication ‘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.



WO 2008/ 118580PCT/ US2008/ 054638 The term "dope fornulation” refers to
a polyneric material dissolved in a solvent at a selected concentration for
form ng awOhessmssnam cal ly stabl e dope fornul ati on. ThecTalSe@sisicss
referred to as a "good" or conpatible solvent for the polyneric materi al
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i mredi at evih & 8R Blatien.of begoagplaptiorgylationmay jptienally frrberfomPHES be used

to neter pe f g@gg i ons having sufficient
Vi scosi ty%l&% Q‘ﬁ&ﬁacgﬁttr%e%% ?\dgg/s?g {hqﬁton% sa(ﬁli S substantially
C0n15f ol led t hr'ﬁwglamﬁ h@)atmg]'adijﬂbam’f rdfére té o mddlta‘ta(s)rdlsfsebzdd batBpersed ina The term
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phase i nterséhosthartd foinga ndﬂthlaymmﬂs@h'as"ﬂld doperasd omagulant 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



The term"m crostructure” refers to a porous structure. The porous
structure nmay conprise openi ngs which may be assynetrical or symetrical
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regions may formthe openings within the structure. In a nmenbrane having
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"the inc I l,..referent n S ten | ear I t
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Unl ess ot i i.ngdi r [ e

ngr odi erleantriSe B Hrbo bR R SR SO S SR P b same.
speci fi cartiegiorand agloadusstratiard apBaQinnsieragt dethads dI0103g0eahitioad. i n al |

i nstances by the term "ahout." Accordingly, unless indicated to the
cont@ary, the Hedesifasian op aympaead Fanggeby FQJHOHW nchudes albpaybers gubsgerif i cat i on

and at t achal, o2k, -0 ARRROX| 184 lalel NALs 0an Nas v, depending upon the

desired properties-soug al ned by 0s€’ SKi the art
utilizing the Acachidadm tbfs spbefipatRaant tith Spladadrdaimbyf tht kagular forhe&st,, and
not as an attenpt to |lim he application of the 25doctrine of equival ents

t t
to the scépe @f thee Insluermiure s SHONB HBIPLRF opRiFRiritasly dseigs athatviseast be
constr uedl"ﬂug fok g%nlﬁg r{gf%?enreg @%Eorﬂ ositfd1C otn@a.(iiniﬁg gg‘h%}%ﬁ@lﬂlﬁ”%(@ﬁ%% aand by

appl yi ng ordi nary roundi ng techni ques. tw thstandi ng that the nunerical
rang®es andixpac afretessmeetdonpguidy tAs ddoé ibthdagesifiopenadndtapperdicd clabgsir e ar e
approxi mations, the numerical values set forth inwghe s?ecific ex?nples are

repor t ed 1A% tEMedr sieiggneallygapiopedin gignsfineliog “agdpianless Hisgopent

i nherent |y, Ntidhfs o fbh@ksS necessarily resulting fromthe standard
deviationsa§@Unﬂ7¥n0?%éﬁr'respective testing neasurenents. WO

2008/ 118580PCTU/ ISR O tsé63dEccatbd afimasdhits akipsshiog gnantdies or ingesliantsyyet hod f or
Form ng amergsﬁrregl%?ltrg psrogéertrlrgsr aa}ligiesosfgretﬁhéed in the specification and claims 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.



A dope fornul ation nay be cast as a layer for formng a sheet. The dope
formul ati on conprises a polyneric material which can dissolve in a sol vent
wi t h opt iwoabostasksnt i ves (for exanpl e, porogens) and/ or Poorusedos®ntess t o form
a substantially honbgeneous stable fornulation. The dope fornulati on nay be
t hernodynam cally stable at roomtenperature w thout visible phase

separ ati on. Dope formul ati ons may be forned fromone or nore
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menbrane. |f aA dopERRAIRLLE Ma§Tbe@afak NBler MAIBIMIAL aished. TaPEopor mul ation is
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concent r ajohosmt@tiohd e spbleyiyBhd/or ABdsecals. IThe@osanitetivn 6ff thé Hepddpaulation

formul ation may be in a range of 10 to 25 weight percent. Preferably, the
cont®nt r £2PEA cgﬁmaeﬁéo prsepadate iaraeylan mjcgostryCyre: apdjalsefo mainten g wei ght
percent. . V] j a i | ing as
B ope. | dhagr Y, FaRF ek hing PR AT R TR S EL L LR RhufRS TS,
sheet. Thetoo 18608 nieynbrencdhseh@bedormical. (Af thieicdecehtratibeisltay Righf ar wakckionl at a

| ine speed of, for exanple, a npving substrate. Simlarly, surface tension,
gener al HESguIat BITOSuGtUEBaHEISEI. f1 ui d properties of the fornul ati ons may

be sel ect ed t%l%’l%ﬁé&gféﬁ% Bpglelbgwngérfgrhﬁeﬁﬁ%yl%t gk?oﬂnﬁy){eﬁ{onfr{? |, on
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t hels i r stbased drahe solveiitbeaddopes amntin@saygh@nsed for tordsatittiny thayemshrasdn The

appropriate choice for the viscosity of 30the dope fornulatio | so
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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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A nunber of polyneric materials are avail able and can be used for the

formati on of nmenbranes of this disclosure. The polyneric materials or a
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of polymeric materials may include polyethersul fones, polyetherimn des,

pol yi m des, pol yam des, pol ysul fones, pol yaryl sul phones, polyvinyl

chl oride, polyethylene terephthal ate, polycarbonates, polyolefins such as
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10 copol y R CIROIRG ag& &or@ﬁre%%ét)f %%aliﬁ% &5 t?lrl’)%b)éma[ conbi nations t her eof

The dope f or mAatlmeér SfPd ke ﬂi@tbﬁélls are dﬂfﬁlliﬂl@aﬁd)&aﬁej&us@dlﬂor(lﬁe femyn®l s t hat

can be anorphous, crystalline, noncrystalline or partially crystalllne In

one enbodifmgmRbraRds@f o g}welpslerenﬁh@ppémeaﬁ rmqﬁ@aéwea blendvel RalyBeriG s

poI ther I h r mat eri al
e do&l%lelsor rm%'zs)te |u(g)én& ?0?1 dgpéafotrﬁ]eratl((:5 fone ?ffﬁ%myﬁlf I%L?l% HiR Ih%he sol vent

of a dopanéladenptblg\étha@ulﬁb@s Cﬁowhdrhmd@@bwyﬁﬁides palyakiidds, pslyfilfovege a
honbgeneous sol ution. The solvent of the dope solution can be a solvent for

an opt i or@lyapysdpkeios.arelyvieHshlgrie, pqiyethﬂ@lepf@reyhﬁnalaée petyspibapatesand opt i onal
dd |
oo aea TR FRE b el A AP S0 OB SRR MR, ont ™

wei ght peice@tttor cSllosd mcratepﬁolgstmhw@a&ryflopoltyhermmﬁtaaﬂ&lc@yymmI uence

properties, such as the rate of phase i nversion_ or the type of
m cHOst r FOPAVEICTS RIS e desseacrdicral wRirerindsamherasions biskghil Bht dansr mul at i on.

Sonme 25 wat er,

ai ot hy1 TP B o g o A B B e

t et r amet hyystaldag, netayankine vephyikiletiyylallket dmenc erﬁbch},tmeﬁt(;ﬂieqioeym@tdwyl acetate
and ot her al kyl acetates, dinmethylsulfaoxide and WO

2008/ 118588 e Oh8ENrPe deaptgiangsbrivatcamids Ber eof . The sol vent may be

ol i goneric or polynerlc in nature formng a polyner dlend with the
polymeric material. pl atjon may conprise nore

t han one sol vent, phase i nversion.
A nonsol vent i s_(_ : =@. "t he dope
formul ati on, gr i e~pol ymer or may
cause coagulatlon q5

fhe pol ymer.

M
15 In a further embodiment, the polymeric material of the dope formulation is
polyethersulfone (II).
CH, .
OO~k
° (D

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

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 nonsol vent may be added to a solvent to influence the rate of a phase
inversion or aid in the devel opnent of a mcrostructure. The

sel ect i orwofoas/messvent for a dope formulation to provi deca/usta@isloss63s
honbgeneous sol ution for casting in the formati on of nenbranes invol ves
basic principles of polymer 10solubility. Polymer solvents may be
categori zed as good sol vents, nonsolvents, and poor solvents. Good sol vents
are t hoseombpingtioahtherpef Fhesadeent ony befodigemstic pepelEmarie Henghwe yorings| ecul es
and sol vept nol.ecul e re dr er thanhe for of tracti on hetween one
ol yrrer " gy 6t 5 Aol bty QS fhe Youd kBB gl 1Gr
nonsol verdospris® afor& Ml 8AE Sola&ik, 4 BlOs®of Jb1WALS br & hensoRedf R bh@BSnRREiveen the
pol ymer and sol vent arc | Sequal to the forces of attraction between one

pol yner ah#orsebicnels aguityrethads mdsgibie in the solveyod theodope Aergnuwatiosie byte

subst anti al. .of. | 1.SCl i | . at
concent r A0t ShaS At SRRl A TRMeE kS, Ballsliod SELPPRKPEE 3, o
may not bEhefoscdlbé majeReddede dpdvent keinfoteeuharatonet gitasofnveRenaalaydrer and
the type of solvent. 20l n one enbodi ment, a stable honbgeneous dope

f or mul at iiBthecdayclopmept ofi ayaireniiuEiuF®st di ssol ving a pol ymer in a good sol vent
(for exanple, el |y, . yl - 2-
pyrrolidinonerggggﬁggé%ﬁégﬁﬂégﬁ@?%@Fmgégﬂgpﬁgmgg$gag%b§g#®§#?ém%%g%hp

pol yet herssliltioarfer dagthdigehe forphhyh af@tabiales indoRx¥abaic phineeslbydfpdlfrax de,

chl orof or tetramet hyl urea, and tetrachl oroethane. 25Anot her nethod for
evalQat i riglubgitye Rpkynics solyenty mgy bsspigaemizedipsigaed srivantiinpawbronfid aabpeiii | i ty

par anet ers%lveme%foaasﬁﬂ%ﬁfs FSthb &l G wHith & %&%ﬁé@ﬁ&ﬂst(}‘orB%g%QR}e%f tﬂeﬁ%ﬁﬁ&m ed by
t he square root of the cohesive energy aen5|ty of*a material, having units
of ( presstslegulds andrnidveat mglceglusbretopedtdkithdTthe fortes2of attraction between one v
where AH is the nol ar vaporizatjon enthal py of the material, Ris the

uni ver salPogaaeTdpigwn end angther prlyngs senleauie. t Biggeyapsaisdrucdpnapsplycnthe nol ar
| 3 . Hi i L | ated f
S0l vant o ter SEeROLSflse it ASR R AU ety BT TR Sng b B o on

Par &fret ercgjual tBoloafoRak of attifabtéon §ct®8dn) oncf pol yrh@radensthansbly@pr @skeodlat i ve

polymers in "Polymer WO 2008/ 118580PCT/ US2008/ 054638 Handpook", 4th Ed., J.
Brandrup & E. 9od W&ﬁ%somssub%ﬁwl FnPwts oNrelymsr al\%masegﬁsmﬁkbli v489): and

for many | b Y j t . : ook of
pol yrrer - LT L0 B s Lo YA OB G RARER! sl Pro Apcbr st onss HRPER
Press, Bonay iRatbompisdtbla, ddptB&iaYy updithe oag edudartw dightrafiltiat padymeamandlibe typsofas a
| ayer of a nultilayer sheet for form ng m croporous nmenbranes. The

coagul antS°F§Phul ati on can conprise a coagul ant and a coating adjuvant. In

song, enbodi me rlh%ne %&%o&iﬂ%% | og%%?lfs%Pé FSfuditoRhh B% oﬁﬁiﬂéﬁ %gt . The
coagul ant can be a nonsolvent for the polymeric nmaterial of the dope
f or mul at ifost didsOMenba polgmemaya peod sotvord(fbr ermeple sdgulpahictifeorutfiohatsitbe

Nt he TOYFR R 1 BTG He e RURBO N et SAGEN T CEHBNERaGoane
Stabi |ty D g e o e R A R B P R AR R ayers.
chloroform, tetramethylurea, and tetrachloroethane.
25 Another method for evaluating solvents for polymer solubility includes Hildebrand
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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The coagul ant is considered a nonsolvent for the polyneric material of the
dope 15fornul ati on, where the polyneric nmaterial is insoluble in the
coagul antwoAsosaiiggsnsol vent, the attracti on between t he ®ocagisbasis4sss ecul es
and the pol yner chains of the polyneric material is |less than the
attraction between one polyner chain of the material and a second pol yner
chain of the sanme polyneric material. The coagul ant may have |imted

sol ubi | i tijandhoelie4s by érBrasdrup e Edbpbnmengit (Ealsi John Witey, 80, wenV1ldf/5tHé dope
formul ati [\S ferre 2 m.scikle, wth t o] | antdurd n
nenbrane(?%%hh?ggﬁrgwnygm5 e%%%ﬁ@?“ﬁ%“§8§BBF%% §£%$%agggggﬁlg%#d?%%ﬁﬁlation

may i ncl urgymat Biquidainedteibs Parinle@drs and®SblgbidibkParemexd " deR CandsseBbes s of
ol i goal kyl eneoxi des, pol yal kyl eneoxi des and their ethers. A particularly

useful gritaipn.dfa.€bMPdunds suitabl e as a coagul ant of the coagul ant

(O] L e 1R EH R O PR RGP BT B R s e
= 1 to 5;miceopotoushidmbradck, ThWBebsgular® fdrniudatdn d2A camgrifBa saygulat idden sane or

different. Further exanples of coagul ants as nonsol vents for a polyneric
mat eri al SORBRE edAYAIL-eIn B0 ERhadinents. dhgoagnlant ¢rsp 8Ot GHRRIISARICOAtIMERY i ncl ude

2- met hoxy, |51, 3 i Qni | P hanol ,
" sopr opara’ VAR s e B aR AR a Aehttiyist Mhkhe BUGRORL malEh I ARE ot 12
met hyl i sdbithybti@t. one, butyl ether, ethyl acetate anyl acetate, glycerol,
di et hyl enegl ycol dibutyl ether, and water. The concentration of coagul ant

maylbe det er iYlpBhraggs oAw bpdrypied fioan wraeaguianf forpylative sypnlipapeushi cashwitiope

formul ati o . . SS| i . i f

ronbr ane. - fupe S0 B EnARE REPARG. BRAH ARn¢ RinBliaPSf hialydlonde, ¢,

pol yet herBid doagdant M \ied @aguldntCloagullhamt hdsar cankaitrabion selactbéuercducd theosi ty

sufficient to allow diffusigon of a 5portion of the coagul ant formulation

through dherodynapicrstabdity 6f Hsdlone farmatlatiopev g thufoamubHopaya cast th&YgTsscosi ty
of (Lhe coagul apf. dgEiHhAl LA £ForRINURBE ol I RAM LAY Ae dpeoal | NG

adj uvant to provi a uniformthickness as a c ornmul ation | ayer
whens castfoanulbtiort, heheetothe pb iy abdtainl lisiyeslubletih e coagilantg Aser mankaltean
properties to be considered include surface tension, general bead stability
and ot hertﬁ? alfetion bsweerahe 6 %néglollﬁéy{%én thegrotaperihaing of e Moy B34t i ng

uni £or ity @i R AYEGR B SRBLATNE pol AP RARDF Y AALUNAN S xcdHEN aS

surfactants, may I nfluence s ace tension, Interfacia
st abi | i t yholywetrtchbinl dfitlyg saarchadymensineteabl. Skletbobgilynt nldyehavie $icosidtsglubflity he

coagul ant, formul ati on havi ng a coatjng adj uvant y be in a range of 20 to
4,000 cerf thsofolent oy e dp Wukaﬁen-v?g% sy obherdoge GuEBiALSRcS w?erﬂﬂdét)i onis
| N 8y rangg rHifsci%fé,\Lf'?hﬁre%&s’%ﬁéﬁ%lﬂhh%ﬁ{eegﬁyé?&'}gn%[o%. preferably, in a range of

25 to 1,000 centi pol se. nme exa
Examples of coagulants of a coagulant formulation may include water, alcohols,

ethers, oligoalkylencoxides and ethers of oligoalkyleneoxides, polyalkyleneoxides 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

9.



coating adjuvants include poly(ethylene glycols), polyhydric conpounds,
pol yethers and conbi nations thereof. The concentration of the coating

adj uvant w0 200sciasggal ant fornmulation is in a range 20 toP@d/usedghsioper cent .
Preferably, the concentration of the coating adjuvant is in a range of 25
to 90 wei ght percent. In one enbodi nent, the coating 20adjuvant for a

coagul ant fornul ation is poly(ethylene gI col) The coatlng adj uvant
may be ccsifﬁfemmrtﬂdévyvth@ polymerip &) pied ﬂflﬁtS@ el ofélmj¢<me foanulatien, grd priéicdope
formul ati n b c ul an

f or mul at .p?%cetsox%aondl?onts ‘aé/m %8@.‘189/ ogng‘%fj ‘?b Wt P “ﬁél%so%

| ayer. Thﬁxﬁg@hmngnﬁahﬂmaﬂﬁpgg@ﬂﬁguﬁa@gukan@~fornulatlon may be added at a
concentration sufficient to allow 25diffusion of a é@ﬁtlon of the coagul ant
f or nul at | on t hr eerpylaat rpuipdionspn hive cwstostypelfigicat wodlg dfbsipBPhfl at i on

avers. uRe GIPSIIRAL forklIfSERRULALS LM BRATOIDE hge vater and

poly eth ene oagul a may form a

honogeneduanslefist lager. WHelvigosigadfl thg cauulivaiirmuldpion negricadjustd tyhe dope
formul ation, the coagulant fornulation nay 30 diffuse into the dope

f or mul at iagditioaypdie coatE ahuel WOy He a palfgime Higknesy asrd %ag@lawsfpﬁgulatwh ase
t
e ! Ok i SR8 D5 R KOBRTRAIAT AT B AN, BRRRLLE

poor regitenensidyrel manuded;uffhmtehhen toRa¢raDisiad 3nibilite e gdcofortbtipe! ymeri ¢
material in the sol vent The polyner rich regions forma continuous

st r Ut ur PrepratieHaaY)BY wwedrmtnéﬂmpe pRAsIZ B HPEREY plthmlgysre Meerizlnatheesul ti ng

t dt
o L 0 R0R CTRAELB e 05 £OBL LARIAGIHNARL. TR ORnggled !0
(ki net i capteothcibhealiiligs ecttabiktys uahdifrensivmg saibﬂﬂyrbifhmelsc&lng oktheeiolaglslamf t he

phase |nverS|on may .be general ]y dictated by the r%Zprocess condi.tions and the
conponent!8BY a%b]éa"é#&ja Q54 e Ay At AR agARee AP 0dA&-QORSEBIRALE | t he

coating al%fé}’a% 1#6%1@9?&1@ c'bﬁ% Barkt GG A i g& bpss a2 gopel ect ed

concentration ng a phase inversion upon contacting the dope 10

f or nul at icrentilbcasee ancatnoee e ftedl griia nakeddat ho 0008 ctittipoisee Sonefexampieabf ane.

The t hi ckness of the lg}Brane extends in.the é{dl nmensi on, The depth of the
¥

phase i nveRERHHiwmptsiaclyde palyihsne glucolp oplelydsts cosmaredsonalyathersend type
of dope andFaAGH! ﬂl%ﬁeo%m‘rﬂyé&%c%&?ﬁgnm%e%%ﬂ géjggeh@ o?%‘@%%g‘la{h‘(er si on

resulting 1n a mcrostructure nay Inaran percent of the
t hi cknesdoofulbtien wembrarge. 20N P& weight eembihty Prefhmble gichcoaterttagop biithe

| Si nversion may, be in.a range of 5 to 75 percent, and t preferahly in a
range of Ofetl%a%w%rse@ rrangt of 25 19 g0 S¥raee RetsaR trd one smbeesht Fadoshnds

coasp ng HY rg u@m Gt lgilqgg&ggettﬂ}%he:ﬁ? ﬁpect ed to effect a phase

i nversion resu |ng | truct on contacting the dope
formul ation | d&@rcoaﬁug acatwamt el detcompatofle eathghe polynedc matatal emd/@0and dope

f | ati d t di stri but d
bor 0si 11 cevepgd ﬁémﬁ@@a b ameheiRhe torint rev e aee ueterdintor
pol yet hergi, §1966h SRRt flc a&w&rtﬁ@e&%ﬁhﬁ@fo@xa& Al RE €Mhe e&ﬁ&gl ant

formul ati ons on opposite si es ma In a st m'crostructure having
an open cdjlvedt cfpbagyagniant fousm:llalubm neydre addéd atstconoertmten eifficenttoallsecond

m o5DU ek, RAVL09. 0L Brconnaet 59, Ratel | el elangaled apr s, zeext and no
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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menbrane, referred to as nmultizonc nenbranes, can provide high throughput
and high flux in filtration applications. I n anot her enbodi nent, a
por ogen e 2b@s/Aasssadditive of a dope fornul ation. The pecogseoosmyscbe added
to provide for a selected mcrostructure within the nenbrane, or to 30
control the rate of phase inversion within the nmenbrane. Sone exanpl es of

porogens include poly(ethylene glycols), polyhydric conpounds, polyethers
and conbidvaing dhesthermerdyapmic W%@%ﬁqm@@s@pmm@@sﬁl@s@@% The polymper

sel ecti Or}ic%frleéi&q? R csoln‘tjl}cluodu%% ru@tﬂ?e ARy {)(21?7}116{‘ Bnc"‘flilaﬁlgoio? E?Sﬁigﬁ)srform Jpores
si nul t aneous casting lTayers T1or orm ng croporous ne anes |

descri bedbfahonsultifhtiabsanegeof a coagul ation bath in this disclosure for
i nduci ng a phase inversion elimnates a costly downstream process for

f or mi ng menbr dn@se Bibedigent. ithmegatipg adiusars snaythsiadded i efagslephidentleben ons of
sol vents, n%@l%gt:eg ?5‘1&0%11&&?0'1%”%6&?0159% Flid @Ji etic%nq“tﬁled ]?tlx SL i %rs'i i fto%in%\cl)ape and
coagul ant ormulratl ons nay Be use O contro %he aate (0] p%ase | ersion,

t o cont r gherhbr@anelephdikiabtidshof tiphssse indesici dy ©f gancrillytdidtayebeehshoedss or to
target a specific mcrostructure for a nenbrane. Metering the flow rate of
dope and ©8diganasid the compenansraf dopp pethceagHlaabioraylssaes. 10t o t he coati ng

t hi ckness, for . Ll t I | I t he
depth of a phanSte GG Wil ROURBD ol R BRRMEG  1,

speci fi c auntiaced obndeheatttapfor E@edtugatpghase ihasteiontupor asitadting thoagpd ant
formul ati on can be determ ned prior to deﬁpsiting t he dope and coagul ant

f or Wl at ifermuladorplayen at jp Paghsteaned slepthar aghiskegss g ¢ Biembagnc dis dhiskness upport .

I n ot her p i i t, |.at | . r

| Scoagul o 1 gpRg g SEERCHEhe RalehhR TR SRRV bBR: PRERIIRERLCL, (e
cont ent s diftatcl &y hlad rocapinyg ednditiony @idi thé 8ge o Ubpaed wagguhtevirsulatiodsi ght of a
conti nuous sol vent exchange process. . ~ The concentration of the

pol yner i clheeteath ofithgphasp ETVgERN Teeh HIE HY 3 BHCrandiciie ey REdhe FAESAROd® t he

coating agiyanh it ScG0aa A0 BRI A BIBYpRERTLERIAG] §:20pr ovi de

sui tabl e ation viscosities for casting't mul at 1 ons out or
Wt h5 a baakdtgion alaly berin heaperadsyto F0 ppreit, add@ostigieterbiyaini aaangy ofSidl tod® | evel s
of the dope and coagul ation formul ati ons may be selected to naintain a

vi scosi t YPE¢PEi ci ent for casting the dope and coagul ant formul ations,

fol | owed by SLiH%‘Eg%ﬁBdi%ﬁE%cioHé’é?l'ﬁ.%‘ii&?of"‘é c@a%n%ggjglg%rﬁ%ga %%i?ﬁﬁ the |ayers.

Vi scosities higher than an appropriate range r mul t aneousl y
cast i ng dothyhiseisisoieeted toeffeony phasermeersiembarsahiag liaw idofindd ickestqpotuesi ty, and
where the anount of solids_ is too lowresulting i.n a | ow viscosity

f or mul at i DR cantAeitAs thn dors foraplahen Hygr- hise e Reiigbpecoaulnt oMy gden at ed i n

S0 g GRATTPRARESR AL AR RS P A o
mul ti | ayesxampter aisicorbrane 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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30di e 200 includes an extrusion head 220 di sposed adjacent to a backup roll
240. The backup roll 240 is a rotatable roll that receives extruded | ayers
from t he wetnessiigssohead 220. I n sone enbodi nents, the bachas2008/05462810 nay

optionally support a liner 260 to W) 2008/ 118580PCT/ US2008/ 054638 support
the coextruded | ayers (that is, sheet) as they proceed to forma

m cr opor ous nenbr ane. The extrusion head 220 of FIG 1 includes a
dope formul at idAcletiantgf camporgigs efoltogalanheodeutant famubtioasior sinagtagemisly340
ending in

Xt rusi S th ery h 5f.0r CO rudin he dope
and coaourant HariT IbRhRe ehesah EeboREl WM IEP T iR ) 1

conveni enfohyulesdrabith S diycldducion thdacRglashase MeédloneliiiBat@f a @stigcessary

t hi ckness between bars of the die. In carrying out the nmethod of the
present dlosesEeun grocgssdepormsierneabiapes pstraditionsd nrasassent bailoapgof 320 so as
to subse Ly.. e f ti r..S.mlarly. a.c nt

For mht o roCoR i FBraaREat RO RHAS Aefor B Pl ot S a3 e

subsequenindyoh@ilant feaguitint nfagrbrulsad tosdntray e $ato Bf phBc ivchidrE t& tsftates of

t he dope fornul ation |ayer. . In FIG 2, an enlarged view of detail 2
t aken i n the depth of thejphpsgsinyerpien of p mudidlaggrpd sheet, 196 tay@peet aspRceiic coagul ant
formul ati rom extrusion head 220 of FIG 1, specifically
fromthe I{eﬁgfor%%fg?%ﬁe fgfg%%%grgog%ﬁeehdi ng fromcavities 300, 320, 340 creating
dope 15321 anduitterisg thdQlovarde s€dupading eagullail fearthubdibng,avtiith adn @ispdnd FI G
2, the dope 321 and first 301 and second 341 coagul ant. fornul ations arc
dr alth awd§ thicosting aekngps Foricpamples Bemrgmplidaicp cxtaisionadie magheongigl the| ayer
extrusio e . ] { hapi . j i cal
o pe. 1 onepies iR ey bloh bt Aeke Kol esRs) S l-cHBRRE Dipti Bk

sel f - met esfele daRfform@xworplager ta ce st @agulpiitefoatiiletiGotdit beatrtdramnedi par sy st em
feeding a slot die with either pressure pots, head boxes or centrifugal
punps; ordepputingthsdepe andgoagulgppioamulationssysd maltiysmdsheshonte tagkimgd Bunp

that mnet 35@8&13@ %\#}B%ﬁ\{ﬁpin étﬂg%?%s;k{érﬂ%s&?oeﬁ%tlﬁi a‘?thﬁ%x atfoﬁltﬁfﬂ Ns%dtf& the

wi dt h an ee e cast ayer sheet, there stabil1zing the basis
wei ght ofcobfdatinpcthadops byl vweolld avatodireehti@ialla flrsid @dhperdaitesithadathval ue.
25A nmethod for form.pg a.two | ayer sheet 5 conprises simnmultaneously casting
a dope fdFRAret firksirreaﬁ%ri ‘é(lté65\319%%&131%%%1%9?6ﬁo%{gmpaw}l‘éenit FYehgat ed in
FIG 3. %oée@gerface 20 is fornmed where dope 30 and coagul ant 40

formul ati'on l'ayers contact one another. A first surface 10 of the dope
formul ati on i sTHeaoatedraopposiht @obimdrizenatedia rof #wed o féraruiatnbatiween t he cast

dope 30 and coagul agion 40 fornmul atjon |layers_of the two |ayer sheet 5.
Cast i ng SOBFREOR B SRRfinegulge et thepormlief g AR ey RESESFFdtQr t her

pr oyp des Jr%id@ sRbld Bfmehtion 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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t he coagul ant fornulation to diffuse into the dope fornulation through the
interface 20 WO 2008/ 118580PCT/ US2008/ 054638 effecti ng a phase inversion
The phasewOnverssssn of the polyneric material of the dopeTfuseonsiosdeds®on
results in a first mcrostructure. The | ayer thicknesses depend not
only on the nmultilayer extrusion die geonetry, but also on flow and
viscosity of the dope and coagul ant formnul ati ons. Subsequent phase

5i nver si gtppart theeopxtrusied dayerse@lnt 190 shyfet)tal shangosegg ¢ fasemidgopmigusoccur from
t he intrqglﬁ%gﬁg of a vapor as a coagul ant. Vapor phase induced phase
i nversion % at 'is, air casting) generally includes a coagul ant (for

exanpl e, wat erThéaR@idioh @tad IS FIG. d iRFAGS o fin@ilatiohn@viP3gehant can be

i ntroduced to afpolyneric material of a dope fornulation as a vapor. A high
10concentaoagylent formulaiiay caviies S80Rdfsadmgdn eslausden slote that serve dy pathivays

st ab% i EYeP I:oet prﬁ Bg ltl¥en§0r iecan{{% & ruila%lt odrirnsu?a%o\lllgdl"hiend' oft %ﬁ/seo'}tthe eA)‘(rt]l%ls%%OUS to a
liquid i nduc®d p%a e separa ioﬁ% pofyner rich an p&iyner poor fegions arc

formed fraun tdag be@p@venidndy cedbiNhas 8y ipheaieSiredisibe sistdl isRignsi oF atreeesk@fynat i on  of
a mcrostructure. Exanples of coagulants for vapor induced phase separation

i ncl ude whickness ketavsapbars od Hicqbe [asarebaorhie inntlod ofdhepieseas disclogere, a
nmbodi i : f. : | f i b t
oo o mectong PthiAloS it MR- infBEE A% SORM' AReql ATTHbAR L lde TV Be SBSt

i 11 ustr atfemdafiét R9er. RBI1aS @edoad@BntiTarhilgtich @L@)lmee fdfodut @t ih@cahawe 0G0, and
a first 40 and second 50 coagul ant fornulation |ayers. The coagul ant of the

firbkd andndeeddltecodgeduanty fommekatlpeiformgptionelagers ogone or mieee sufastrdss of
t he dopetﬁggogﬁggﬁhﬁﬁ%lha&grs may be 20dependent on the viscosity and flow
of the dopé and coagulant formul ati ons, and the configuration of a

nul tilayer extin@GRY, s &larfed VRtvesfires VQkemyn 106,105 Mrdirwdier e ddisil dope
formulation layer 30 is cast on to a first coagulant fornulation 40 | ayer.

A first ghe flepecangrspagulant fornudation(ss arastrsrded fommggrupien herdh2 effdiCe 1t he
d f | ati 30 i t : d f | ation 50
foner Crmgedtfi AR g T et BaRit afthelif RoBZiRCua08 32hrHn SPhTE Bht Moy or s

at the i mparahacest 301RMOYEDBad Loigul dtRw 3amdothfdtishk Oh PIG 2, Bk ddRrB2@fanl he
first coagul ant fornul ation 402%ayer into the dope fornulation |ayer 30
ef fecti ngt%at F01rand spevmd S4il poeguding fornations gerdiawd ayay anconteetrwithaticon 50 and

dope fornu] ation 30 e first surface 60 provide for flow and diffusion
of a porfP%ﬁn%Bagﬁﬁlgig%Qd coagul ant fornulation 50 | ayer into the dope

formul ation | apRrm@@Ltf @ckisdE Fe JBem@dt RO st 6MUERGIcRBhapinga Phase
inversions at first and second surfaces of a dope fornulation | ayer can

occur whexlipdries pedlosemima shashgMictening o6 theupamnylamonsape bs cahar selhanctérodat ed
on 9pPos i ft01(ra exsalflrll’pfléa; %ecsonst\a/g p%gs%%els%ﬁl%%g @%él%%%%t%oé&ﬁég 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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of the dope fornulation |layer. The resulting phase inversions at the first
and second surfaces formfirst and second m crostructures. The norphol ogy
and dept hwof2oos/1a8338t r uct ures nmay be different or the sameTius20m8B46ahes

havi ng nore than one mcrostructure. The sel ection of nenbrane

m crostructures may be further selected by the 5concentration and sel ection
of the conponents of the dope and coagul ant fornul ati ons, and processing

condi t i orpdtecting ppkaseppvsaiiorenthe plupeinyaiccddad pelymene matcaial ofntbe dage be

si mul tan_ef&%#lxﬁocna etsltﬂ%tinra%g?r}l%%%l@t%e{.e' I n one enbodi rent, dope and
coagul ation Tornulations nmay be sinultaneously cast by nmeans of a

mul tilayer extTHéShws tiltlencdQQ deperkdlfet ohly ohte Mulltilhy @ eefrugai dﬂéfgieﬁlﬁleﬁ’%e 10200
may cast the dope and coagul ant fornulations as |layers to forma sheet,

wher e t hébut alpe o3 flgmcangd mscosine phthp fops #ukgoapwant ferraelationsh SwbsegHet-Pipstensi on.
A phase i.nver.si I (B Lpitiate V= di f [ 0, o] f a
coagﬁl antlﬂ}g%%lrgr{ﬁ?{;tthlg(g%&ﬁg@%r I n@ghéa{%vaoo%g&f%re %\ﬁ %%1 éﬁ&f glgg}tﬁlgﬁtgoﬁu%ﬁl%{bfo
coagul anta waipdr slopeoaalafitil ati ons have exited the extrusion head 220 as
illustrated in FIG 1 and FIG 2. The process can_ 15i nclude netering the
dope and coagu¥aner Phaseanduged phase iaersion ghafds, airrcasting) seesally/ingBidaga a

dope and @ENHT AR Rathf, &% Pinokl 6 il Bk Re: S bioh ISR oy HOTF oy

a m cr opdedbSodRBY t@d Polymeric matidial atd defe fdapalaandaLoaget.anthiflor mul ati ons at
a surface, and the diffusion of a portion of the coagulant formulation into
t helQope PoBeeHilateR BhvIPRY May gerdanseabiednes the thepnad wapug stabilihef thepe

formul ati . . .cal l | e ri.c materi al
con' pr oci Sy ARCRESTR GUBLIRWDINER, W ShAR ol OfBNYIRLL C M

M crost r Uepattton, Polyinieg riphase polpuer po@regivRgare isred frdie titopgof @dneddat i on

| ayer are rich in polynmeric material formng a structure, and sone regions
are poor NPAsBYSAeniresuEieapithy forgptemef araestrusiing r e eesf wasylete Far

subj ect eq,,(,0 iﬁ8ﬁé’e‘a’s}}11a%e§é§é(r§ho@ﬂféhﬁg %‘?&9&9&@&?@&%@%%&%&%& YRl paEEat of
the microstructures. Effective pore sizes of & nenbrane nmay be in a range
of 0505 to 50 Imont embodiRmne naildplclafcey & dope bl caligahmt frmafatians mpebe ng

within a mcrostructure forned duri ngoa phase inversion. Pore sizes may be

measur ed Bt BRShekiBH famppibige Ipyashestd 00as Huyatrefed 8y Flifedt i RIG el lpsteaie s

et hods rayerne) et BB Gt EpaRtoBRLRIR R Gh 4 R0 M SRRTER

Sol vent plhagdantfyendation heaknThtesagataat of the lfios add ssvokeaddguhnt " Synt heti ¢
Pol ymeri c. Menbranes, A Structural Perspective", John W] ey and

| ) 2nd Ed.,
Sons, 19dgrmulgigensangy heiskgnhcthetpeogsoribagope and coagulant layers may be

20 dependent on the viscosity and flow of the dope and coagulant formulations, and the
configuration of a multilayer extrusion die. An interface 70 may be formed where the
dope formulation layer 30 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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A phase inversion of this disclosure may include diffusion of dope and
coagul ant formulation layers through a liquid-liquid polyner surface. A
porti on oVoaowoasgishant formul ation |ayer diffuses into &CaaseoiBosssss ati on

| ayer. The coagul ant of the coagul ant formul ati on may be thernodynam cally
conpatible with the solvent of the dope 5formulation and/or other additives
in order facilitate novenent and diffusion of the coagulant within the dope

f or nul at idrhd dgpsrformmatiarolayen dive rmlylrtgepb@mmwrsms pibe Mpdendbeconlt h t he
pol yrer i Cu%%e%rflm%l il taltl(? ?ecggg ﬁ]ncr%é/t ctilr ? thIehr%o}plﬂgltogg:a{\{& ?éz(%h QF cormpat ibility

of the pgl TETi & et eff a ven e I'ns Creates a phase

i nversi Oﬁnféfostrh@tuﬁ@ InydyEdl diffehesd tBe sdnesinl rhémbrahes Havenhof abidRhdrosheof a

m crostructure. 10The m crostructures of the nmenbranes can haveﬁfores whi ch
are asymfRIcFasgugEres yhiveeicridon %ﬁl@@@hrapﬁ BigrRptEsGHEss may be figthes pelpaed by thehe
menD ane conc&lltlrgp & aﬁ)c{ e RELR %E fract, %ﬁetﬂ?é{f tlﬂg éio;gé’ %Pa‘[j% agulgg't Mullg&‘o&ependent
on t dope an coagu ion ornu trons useé e-processi ng

par arret erand podebdisd caiditicas! ﬂm@ﬁdﬁrﬁbdmrnelhﬁdéﬂﬁnﬂaﬁﬁgﬂﬁnt dorintigatemk iy a
second mcrostructure. The first and second mcrostructures nmay | Sprovide a
cont i nuouéMBltangPedy past AOAE! teAPAFatWe-ough t he nenbrane. The formation of the

mcrOS””Ct”r%ﬁ ﬁ@%m%&’%{%ﬂ %BpéFﬁd g{ghgﬁ fo%%[ht Lsﬁl% egfcrmh{éﬁ &R onent s

(for exanpl e, neric na coat I'ng adj uvan t he dope

and coagWagttly fhwnmf atnudilayer bxerusion dal00gy KIG. t h@heineullayeruktrusion dRy
further depend on the netering (for exanple, l|ayer thickness) of the dope
and1@ oag A08rpay @shilie depors! eosgnlant formaulanens asfayzopideEn psleat.shisic thehe

i 1 OSUT YGLUL &6 RORAGYi IR, 3lRR dERAdn QbR Bhase | nver sion mechani sm

and rel at pressure an enpérature processing conditions. In

general , the popBsscofivedsitn proRsdsimist by iithedd vieditinson angdpeortiotlods @dagddts. A
first face of the nmenbrane nmay have relatively small dianmeter pores, while

the secorfarmetagpplaysriptoradeperrasmuaien lgsraficy tieywopgia aad deme frmplgfiens The
ratio of \pores; tﬁg§xt?ﬁ51&nkfea8'2§§%1 ﬁgﬂ‘ @&t&é E%g@rfarﬂ FIG. zatTﬁe*rlp%ée%&Q d face

of the menbrane may 1n a range o A conveni ent net hod

f or 1&ssesatloge mberiay Meddpy aﬁdil dodpit it &irﬁﬁﬁlﬁtﬁhs bivm@ abelanedvissosithusiugh t he
use of scanning el ectron nlcroscopy (S 5 of Exanple | is a SEM

ni cr ogr apRulfijaygsextasionglic He0 @%W&aﬂtpiowmltﬂlﬁﬁ%ﬂm?ﬁfr‘@h@eéherfiﬂPF@Flé The
pores may,, ?éﬁgnt%nﬁﬂgﬁcg%lﬁg%éggﬁ%ﬁ% gﬁg@, ?)gglhgte%(?fdﬂn &?&o JD&%D& dﬁ?ﬁa}{ the

pore di ane iIsin a m crons t he
pores of a m at@sict uﬁdweanh&megtaargéﬂmmﬁmsaymfarcbcaid tH@dlLﬁfi@ioﬁg))fa WO
2008/118580PCT/U82008/054638 6 of Exanple 2 is an SEM m crograph
i |1 ust r athordeofBerEeagEank faymyption lnst@ t%@@é@@@i&atrﬁncmww@:fhﬂwmeme

memby ane &éna"?} o?‘ﬁ{eoc%%fe Sf&ﬁi'ﬂﬁ%twneto G200 ﬁller S?df}}nﬁﬁﬁcaﬁ? %n?t%l@”?ﬁ@ @8§%eﬁét endi ng

in an x-di mension irst tace has a m crostructure par al | el
el ongat ednatytialrdn pelpitaer féem exd witdinngf the dape fodinnansh danfiog aed from a

mul tilayer. 5liquid induced phase separation. The second face has a second
M cr ost r UBKCTASEURHTS: FUrEg Rhesoinysisioperegions of thedlope dermalariondrysr Atsiiddnphase

separati %lyrﬁér% méteRhl fgéﬁlqglaestt%cture, 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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illustrates a surface scan (planar view) of the first face of the nmenbrane.
The dope formul ati on may have different coagul ation formul ati ons on

di f f er entwbaoess118§80t he dope formul ati on ef fecti ng phaseprmuse@soss3s whi ch
may result in the formation of simlar or 10different mcrostructures on

t he faces. I n one enbodi nent, an article has a porous structure
conprising first and second faces extending in an x-dinmension. The first
face has a fi rAphscdnssipnef rsedisclorre may swbukedliffuden ofadppa age copealant

m crostr re. The first .and second fac re injerconnecte the first
and secorgiigiotPras e e BRaang biESL sl A HRRME ey aph

i I'l'ust r atfoRgulaticierbéadfudts vitd g dobé SdrnAdiod 8HRAATHE E6:palanti6f the @8aguldne dope
formul ati on | ayer of Exanple 3 contained a porogen, and the first coagul ant
f or nul at ifeﬂnmla'g@v may hp Hcsaadmanaen iy rgmpdfiblo avith thaselvend of thegtorg fi r st

m crostr %ﬁﬁﬁlgti&parﬁi/gfo%é}%?aﬂggns % H&%Q}{tafe rﬂ}f%etrhén%ﬁg& dih 9L Geiyfduced phase
separation Is in a range o to g5 percent” of a henbrane thi‘ckness. The
depth of c@agls@cmiftin ficClops formailation lhyera The dodRisit oy foofidrally by a vapor

i nduced phase separation is in a range of 5 to QS@Percent of the menbrane

t hi cknesgncompatibleryitle fhgerpdyraria materigl i thhdaperexer srdugmsdheignyenss of he

t hi ckness . -f or i l. . C and the
subsequeﬁ?gﬁgﬁgggfgﬁﬁegg@?%ﬁ?gM#%Pﬁgagﬁggbgﬁ&3@%&3¥$%?%¥%§€%g§a%§ethe
menbr ane inRysibe of thetpddynicitgRatofiald0sulin ZiBAharfcematien oRdshiczdstmicar@r ef erably in

a range of 40 to 150 mcrons. Mst preferably, the nenbrane thickness is in
a rthge of 50 ths migersietuEgf the membrapesyiqa hakpBercrhich age psyBIBYHE 8Us

b T ' . hy .
pet aeon 1 PEEe LRI SLI dARAREL Y P M R RGOS Pt "
m cr ost r usictosauétorasethyliye farmed whicayedy benddpesitnphate doppadtdagolatisni N a

range of 5 30to 95 percent of a nenbrane thickness. The depth of a second
ni cr ost r ferprlationsysediand thg PRACHSINGERAIMERER b HISH FHGBSEISHEE HAYdK thesame a

2008/ 11858 DBELERObE nictoRIERIEENE G HAERRond Mrostmueruree oy
menbs ane phavidag contirsibuaoddis@nanagousipatiohitdugh tthy @smbeinoe ThbYormativn bagher

i nduced phase separation and vapor induced phase separation, respectively,
have di ffr@wmfm@tweétmaarfﬁp%g%@eWE?%@P%?&O&@.0f|ﬂﬁe EHRPW RS d%ent, a

T Pt SUSETRSHE OO U SSERT BT B gl g
m cr ost r dotroulesonsl T'ho meorpiddogl ofetht miabstreast niaydudbgelchardaed tt inonsimnd at
east two focroe?(grlilllp e?fayer thickness) of the dope and coagulant formulations and/or the rate of
20 phase inversion. The microstructure morphology may also depend on the phase inversion
mechanism, and related pressure and temperature processing conditions.
In general, the pores of a microstructure may be open and/or closed 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.
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formul ati ons being sinultaneously cast and further optionally conprising a
vapor coagulant to forma nultizone m croporous nenbrane. 10It will be
appreci atwo 2bew11833¢ t 0 be able to forma nmultizone nm cr POIUSA@SHBLEBS ane
having nulti pl e dope and coagul ant | ayers conprising nultiple zones or

m crostructures. Applications such as use in filtration, reinforced
adhesi ves, and drug delivery properties can be envisioned. The utility of

t he process rd8i@éofibxample %@ialni EM mgicrograph1Bysdrabng a mromranrepvingeingl  f or
mcro-fi Iatnr ast cito% ainpos#{létr rae_ f Il"bt hlaet | Orhe%%'ai Cl%[ i O{'SCt re, co riTQle f{rava% tion

will be fUrCRE d&°r'ed By he 5¥?omn gpgxgﬁﬁr%sumhlgw are éxe | ary and
not i nt endeshdt facdsicRicndingén a6 QREmEHsidh €A ifiRENdd 19 o fiExaRiRsuddidavirigesent
invention is nmore particularly described in the follow ng exanples that are
i nt ended ragaliel plgsgated ¢ydmdried ppresixtradingume zalicppen farmat ifonsa awdilexari at i ons
wthint f e t i ny i | rent e skilled
' the anforERREE nbRE R EEBRTAOYEEN Rle it s d BRRLERORIRET, O
reported dlifpsoliRl pérks WMoY BXAIPARS iRfuBedphaic ¥ejagdton D FIGS 7 o Bfa@ple 2y eagent s
used in the exanples were obtained, or are avail able, 25fromthe chem cal
suppl i er sllaseéssiagasfaprescen(planar gy o ths frshEse pEtheyenalyane ntheodmme

techni qu Poj. nt [ - - 05). BPP
roasur onaRrRt oAb trL Bar el TEERC S B tormeBmOl: ot ADRPER e PEREG6S

menbr anesormd@Ydresfdckiapp Raskenitls, whidhrfhyeasitineie fdrsnavieh of sigtlar ged on

m cr opor ous. nenbranes. The nenbranes were pre-wetted with isopropanol and

& ol zed diHerent migropiasyEes apfthe fascy.engt h of tine required for & oni zed wat er
to pass throu 0 4 m: rane
under reducedqu%Egﬁ?ﬁﬁ%%gg%ﬁ%ﬁﬁé$?£§géﬁ$%%%@é%%?g%%g%véaﬁﬁg%%%%cggpPurther

descri beda¢ds cikchdinPah emk-dNasnsioh. 1P eBfaafHasts BréBmdctSstfuvbikéalaadeic al . ) .
Surface treatnent - Plasnma treatnent of pmenbranes included etching the

surface Bycandiacs g asecend mickpsiugiues. ofhegrsbig sepqnd faessrre i BpseRePyin t he
pl asma S éﬁﬁﬁg&iéwggaﬂﬂ&ﬁﬁgw§HQM“ techni ques for etching polyneric
e

surfaces have been descri I'n
15 FIG. 8 of Example 3 is a SEM micrograph illustrating a membrane having 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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Khul bc, K.C. et al.; J. Menbrane Science; 171, 2000, pp. 273-284 and Bauer,
CJ.M et al.; J. Menbrane Science, 57, 1991, pp. 307-320. Exanple 1
10Dope amwtocoesgubzsnt fornul ati ons were fed to a nul til aper/uszemosicsn di e of
FIG 1 (U S. Patent Publication No. 2007/0128425) by syringe punps (Model
PHD 2000; Harvard Apparatus; Holliston, MA) which were used to neter the
dope and coagul ant fornulations to the cavities of the nultilayer extrusion
di e at vol unetlpjosc pmbadiment @ migHyOrYs frephreng kpvawe fgst gadmgeend 15A mul ti | ayer
sheet was_coextr.u fr tilaver trusion. .di nd tr ferr to a
ackup. r dTCBEHES i Do Ohtdver DRt Boft fod Dbt WRABLEBERE ' o

m crons isepdrbiik A@pEJtiveRS he iRt fikhendackhd@istesirrbdranced at a |ine
speed of 150 cnim nute.. The center slot of the nultilayer extrusion
die was fed a ldope cmbpdincat iagnicesponmisopambrorg kpyingofirspaidsseenst i ni de ( PEI)

(rmelg flaow.| = TS| - richs - | | ssol ved
in 1§- nmet hr}éflc%aggﬁ%;t%egﬁlgﬁéeﬁgb%g}l ?‘ﬂ?ﬂé’% %glﬁ%ér%rilé)ql&% edgr%p(a:%logﬁ QJ_(%?SIF%H P@%}?gd( Vi scosity
= 260 centtqaBRyosduictardgsate of 16 m/mm one of the adjacent slots of the
multilayer extrusion die was fed a coagul ant formul ati on having 90 wei ght

per cent  pol yetlhynegebgdipnest. agleas tyesopa prayfatioanind sy cerplascul ar
ight = .mol.e: I - i : is: -1 i t t
wat or - as AR ine YATRARLANL £l ik @l hitionlli) AP MELERE | DO Bt 74

cent i poi swagullg tél Gfren andltt-0agui@dporbos mMehdtdnens were cast as layers on to
one_anot her through the nultilayer extrusion die formng an interface, and
t helQwo- | ayer 1698 bagpriedated fRfeme & bonklp tafagms Britizpng BIGroRAreYsy 500 mi crons
bet ween t i i i o0 T ults of
the ¢ Ty TEhs hRME A UleaatoRa R IHAS REGRRfbhipie RRel 63
30sect i onalcraskEMtst®wn in FIG 5. Specifically, the resulting m croporous
menbrane can be characterized by a m xture of closed cells and pore size
di ameters of abRicationssuch as wsedh &iltratipn tegderced adgoesAusdpnsidisew3s The
nor phol o . S I J a0 fr one face
of [he nenppit TR Ritfel 2 AERRIG S BTG Kfich i @EAbG o

coabul antpor@rsmidrabianessusesil éorfreidrd-Hitationbhd hisefiltretén ygilioaichise of FIG 1
(U. S. Patent Publ.ication No. 2007/0128425) by syringe punps .(Mdel PHD
2000; Harvard av%vﬁlagwlmg)mfv%h%ﬁlaﬂ%ﬂﬁwwec lighyang 8aP{ss Wittt he dope

formul at ie%rgg&?y Lﬁlﬁncftgﬁt%ﬁde‘élc’c@%i]kﬂiﬁﬂ% s&@fe'ﬂf'tl’?etiin%}ﬁiotnp the cavities of the

mul til ayer trusion die at volunetric flow rates ranging from5 to 40
m / m nut e.
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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10A mul til ayer sheet was extruded fromthe nultilayer extrusion die and
transferred to a backup roll around which corona-treated polyester film
backi ng (WO 2b@/6858m crons i n thickness) was conveyed. TireThmedosnsicoms
advanced at a line speed of 150 cm/ mnute. The center slot of the coating
die was fed a dope fornmulation of 13 % by wei ght of polyetherimde (PEl)
(nmelt flow index = 9g/| Om n Aldrich; St. Louis, M) |Sdissolved in
| - net hylmlzrqwmuslmmgmémﬁem(dwm)duefsi RyREUA (éPw@h(H@) was waprsled MBhe WhRcosity =
260 cent Irg&hg(f?s fa}thee} dr cn%e8 ?j%dlﬁa ent No nﬁlﬁ% %dﬁh%céﬁgt {\/fh&lt stglf t he

mul tilayer eXtrusion |rs ¢oagu an forhul Ion haV| 80
wei ght per Centsumbaab&tﬁieﬁneplgéma:ﬁbatﬁ}amaofq@ahmgesadt1u&aﬂ§tc1{ﬂ?gﬂ}eéhaﬁhce

(Mol ecul ar wei ght = 400 g/ nol e; ma- Aldrich; St. Louis, M) and 20 wei ght
percent \tEPOYBE & to é@gmua%@f Ol (83Fs ¢rssflugropropep ie Segitsant stgtof el at i on
was 54 cepili pai e 0 t e cast as
PYEREL T ST R L S T T SR e i

i nt er f acekhfbd, Ik St etk i.c’M@mBlfan& BeicAape 71, cm)nul . ROR2BAYRd Buas, Oppasitt e the
interface formed fromthe dope formul ation an coagul ant formul ati on

| ayers. PBheliMembepneScignes, ShglWasProfiedled with a gap of approxi mately 500
m crons between the nultilayer extrusion die and the 25backup roll. A
second coagul ant havi ng a coagul ant as a vapor was introduced at the first
surface dixagpmltil ayer menbrane having a first microstructure resulting in

a vapor induced phase separation. Dope formulation and first coagul ant
f or Ml ati on |@@esan@épéglé%tfowlﬁmW%@&da%wlumi@rreg&uﬁgnélqQ d%ﬁi-lpol yner

i nduced e first
surface Qﬁﬁ?%ﬁﬁ§@?%@ﬁ&ﬁﬁ%, b r@g%gdﬁlgHQ%QQEQBpf e&%%?gk %%%Pof st eam

Wi t hi n arH&vandtfpataing Hﬂ>r11y9tcng MAEWhichWeei giedsd @asmarithy éscl dd codgulgitat i ve WO
2008/ 118580PCT/ US2008/ 054638 humi dity of between about 50 and 60% was

mai nt ai ndarmayigensga therrstdics ofihedmyfilayey extiagion dicrafyolinpetriqfgpaates rangeyg
Conf i gur g{,08 1, 4638/ mhinfRNE 2

15 A multilayer sheet was coextruded from a multilayer extrusion die and transferred

to a backup roll around which corona-treated polyester film backing (20 to 50 microns in
thickness) was conveyed. The backing was advanced at a line speed of 150 cm/minute.

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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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

FI G 6 ankhepherirhelogy efithgfmambtgancyis gepesally pyxramplyic cxivadmadianm pagyfacoaf deopor ous

nenbraneIhaﬁ&%ﬁggﬁ%%ﬁk%ed by a m xture of closed cells and pore sizes of

about 1 to mcrons 1n diameter. The first zone of the liquid induced
phase i nversion has a norphol ogy representative of porous el ongated voids
havi ng a thickness of about 32 m crons (about 50 percent of the thickness
of the ndBARR2in a z-di mension). The second zone of the vapor induced

h [ [ ) truc I D t hi ¢ s of about
B o crons. (anout BeRuaRaLMe LR ERE 8K M 2B A MUfRER S 0 20
z- di mensi@fisiol AR JFHIES 1qU.3S.Patdnk Peblicatioh NecD00y/FIRRess)apnsangs pups

O el P S000; Hiarvard Apparatus: Holliston, MA) which was tsed o meier the dope
formulation and the first coagulant formulations to the cavities of the multilayer extrusion
die at volumetric flow rates ranging from 5 to 40 ml/minute.

10 A multilayer sheet was extruded from the multilayer extrusion die and transferred
to a backup roll around which corona-treated polyester film backing (20 to 50 microns in
thickness) was conveyed. The backing was advanced at a line speed of 150 cm / minute.

The center slot of the 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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The nenbrane had filtration properties (BPP) of about 20.8 psi. WR testing
resulted in no flow wi thout surface treatnment, and the WFR was m nutes with
bot h si dewo20eriabssd. Exanple 3 A dope fornul ati orCanu$2@8f5463%

coagul ant fornulation were fed to a nultilayer extrusion die using a
simlar equi pnent arrangenent to Exanple 2. The center slot of the coating
die was fed a dope fornulation of 13 % by wei ght of 25pol yethersul fone
(PES) (Mdlustditaet heswetit abous®) asbodjp Wﬁ@ialIS@mV‘gyOVﬂl prametcrsausedale ltags ol ved
in a mxtlur Ef 1- met hy1- 2- pyrrolidinone (30 wei ght percent) (NWP)

(Sigma- Al ari P Louis, MO / polyethylene glycol (70 weight percent)
(PEG 400) (ol ecul ar wei ght = $@bledl. Dk CobifigiPatdidr i ch; St. Louis, MO as
a porogen (pore former). The viscosity of the dope formulation was 3,400
centi poi ge. The fiow rate of he 9ORE 1 30T gr aib&rlzwas 20 ijHerthe One

of the adjacent-—slot of .the ILIILI LIUDIU e—was fed coagtl ant
f or mul atijsn Al Ten qe@}}lrefb of110 ..l'g(ix".ute The L‘?,%OJ' ayerteoatiffe v'ag
comenced_wi N9z [e(Té(Be (\*Tuig)mrn L vt YT fo 290 | r‘r'n%lémﬁwrsmppr t ilaVer

ext rusi on_di dinRgssuseCHdBkup | ol 0.5” Masscond cobdumaiet was useél waten simil ar
mann®r as’ ExdivpBettom (iEPheorsatians! fir itttz onat iaon TEE (GaeiEE Sytne;

m cr opor digger Bhtve 2Bt airpils (Geee HCSysters: Phge. Wiscagygeei fical ly, the resul ting
m croporous menbrane had an open cel | ul ar m)rphol ogy havi ng a pore si ze

di stribution Olthea}rggl'llts ﬁQornt lﬁr O%S 1Cro é)% br ar8 111us?rgted 119 e cr sré-duced
ed ae an&n

phase inversion had' porous on a I ckness of 75

m crons, sagibnal sgmh@wm%m@ 6<aﬁ@praﬁ51u¢1§wm1:ﬁcom Sb&lﬂ@mgrthbm@buﬁﬁ@ phase
separation 10having a spongy microstructure had a thickness of about 25

mi ckons. microporopenanEmagys ¢ afﬁFtﬁUZ@sb}v\ﬂ mhxtn@ @&Ma@:@elt&a@dmﬁqﬁzewﬁd the WR
was 18 S€% dIStoai 1%1? ro1ns 1%%,1 ter ?‘H% f}lrsq egne of tb (I;]lrﬁﬁ r|1({uc8c‘1a phasg inver; 101% hasous

nodi f i catl ons and €érations o I's’inven apparen tahose

skill ed iorphélogy '[rept\d:steﬁlt@tﬂfe olefrréiy dl@lgafddmoﬁdSQlaSQfgpﬁhﬁﬂldeSiI@lfébdutGTZ this
invention, and it 15shoul d be understood that this invention is not limted

to the iIMiggms&thopsS@peieritosd thedhickessief ferapmbrangap a z-dimension). The
2008/ 1185808 grz/oH§ %991% tho OR&uced 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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What is clainmed is: |I.A nethod for form ng a m croporous nmenbrane sheet
having a mcrostructure, the nmethod conprising: 5a)providing a dope

f or mul at iwo 20ea8388i ng a pol ynmeric material and a sol veRCTI/UsSp@msosicd$ ng a
first coagulant fornulation conprising a first coagulant and a first
coating adjuvant; and sinultaneously casting a dope fornulation |ayer
having a first surface and a 10first coagul ant formul ati on | ayer under

condi t i on¥astfde coeguirna formuationat e flout iateeat H0hl/minuse. Ehsayiotlayer coatinel at i on
o e PRSP Baple ) OBCIORR. A COPRE DS 1 5L

of the fidgx&lisioRa@dndnbe bkopkat.i on diffuses into the dope | Sfornul ation
through the interface effecting a first phase inversion, thereby formng

t he menbrane Hav§aegd godgulagt wigp epaglsip apeilgrenannepas Exagple 3. 25

5 The results from the formation of a multizone microporous membrane are
illustrated in FIG. 8. Specifically, the resulting microporous membrane had an open
cellular morphology having a pore size distribution of about 0.6-1 microns. The first zone
of the liquid induced phase inversion had porous elongated voids and a thickness of about
75 microns, and a second porous zone resulting from the vapor induced phase separation

10 having a spongy microstructure had a thickness of about 25 microns.
The WFR was 2 minutes with no surface treatment, and the WFR was 18 seconds
after etching both sides of the membrane.
Various modifications and alterations of this invention will be apparent to those
skilled in the art without departing from the scope and spirit of this invention, and it
15 should be understood that this invention is not limited to the illustrative elements set forth

herein.
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4. 5. 30 The nethod of claim1, further conprising contacting the
first surface with a second coagul ant which is a vapor; the second

coagul antwai2hdsuasssg i nto t he dope fornul ati on through treTfiSe@Ns/0s468% ace
effecting a second phase inversion, thereby formng a second

m crostructure. The nethod of claim2, wherein the first mcrostructure is
different than the second mcrostructure. A m croporous nenbrane sheet
formed byWhiids ghaitheshisof claim 2, wherein a depth of the first

m crostructure is in a range of 5 to 95 percent of a nenbrane thickness. A
m cr oporous nenbrane sheet formed by the method of claim2, wherein a depth

of the seicond ArinGiRst ot firkbig 4 MidrBpdtolinaabhe ShdePhBonPe hi&Bttnhura, thenbr ane
t hi ckness. WO 2008/ 118580PCT/ US2008/ 054638 6. The nethod of claim1

further conprin¢thed eomRiéwMl coagul ant fornul ation; the second coagul ant
fornul ati on cofpri sj thir nt . a se . C : j uvant .
57. The met hod ‘of cﬂggﬁgﬁgxg%ggg&%%?%%%éggﬁﬁlm’§£§ﬁ%§h0§%%hgﬁg@ion i's

si nul taneously castsoWehty t he dope and first coagul ant fornul ations; the
second coagul ant formul ation cast on the first surface of the dope
formul ation | dYer; MipEdigs fsiroagilent formulgbon eqraprisinoa it seagutant af &t i on

diffuses into the qﬂgﬁxjgéggﬁg&hgqm%ffecting a second phase inversion,
thereby formng a second m-crostructure.

c) simultaneously casting a dope formulation layer having a first surface and a
10 first coagulant formulation layer under conditions that form an interface
between the first coagulant formulation and the dope formulation;
wherein the interface is opposite the first surface of the dope formulation
layer;
wherein a portion of the first coagulant formulation diffuses into the dope
15 formulation through the interface effecting a first phase inversion, thereby

forming the membrane having a first microstructure.

2. The method of claim 1, further comprising contacting the first surface with a
second coagulant which is a vapor; the second coagulant diffusing into the dope
20 formulation through the first surface effecting a second phase inversion, thereby

forming a second microstructure.

3. The method of claim 2, wherein the first microstructure is different than the second
microstructure.
25
4. A microporous membrane sheet formed by the method of claim 2, wherein a depth

of the first microstructure is in a range of 5 to 95 percent of a membrane thickness.
5. A microporous membrane sheet formed by the method of claim 2, wherein a depth

30 of the second microstructure is in a range of 5 to 95 percent of a membrane

thickness.
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8. The nethod of claim6, wherein the second coagul ant fornulation is
sequentially cast on the first surface of the dope fornul ation |ayer.

159. The rmwohoas/agssel aim 1, further conprising renoving Prhe/seérsestic3s and
drying the nmenbrane. 10.The nethod of claim 1, wherein the nethod occurs in
t he absence of a coagul ation bath. 20 The nethod of claim 1 conprising at

| east two dope fornula ons and at |east two coagul ant formul ations. 12. The
met hod of6.cl ai themethpbplslain hdupbernoeaiisinggtseeonal coagulgel| ferneation, ¢ha t he
group 25consi stjng of l.yet hersul fones. po t her i m <ylons,.. and

Qonb nat 1 ons. tRenEF e BEIAE T RnL L SR TaRT T s DRaTPSLR,

sel ected fromddhgagt oup consisting of water, am des, alcohols, aliphatic

gl ycol s and conbi nations thereof 30 14. The nmethod of claim1l, wherein the
concentration of the polyneric material of the dope fornmulation is in a

range of 40 tor 5@’%’3&?9&1&%{ %Rx/nl{le're'n#ée' SEQg d‘?&agﬁﬂn&fon%hﬁh& g Wwherein the
first coating adjuvant 1S selec ed fromthe group consisting of poly

(et hyl ene gl ycohhitsheomdy yat hethsha@dshecmairftabbnsnttfbemndodonsothe sddoadmet hod of
claim1l1, wherein a concentration of the first coating adjuvant is in a
range of 20 t coagulawsifgmeulpigreeston thy fiysurfasaridhodone tarmylationfazeai n t he

si mul taneous| ywl‘fe?‘élhia%réicﬁl HROIRLLF Q@a%u%t formulation diffuses into the dope
formulation effecting a second phase inversion, thereby forming a second

10 microstructure.

8. The method of claim 6, wherein the second coagulant formulation is sequentially

cast on the first surface of the dope formulation layer.

15 9. The method of claim 1, further comprising removing the solvent, and drying the
membrane.
10. The method of claim 1, wherein the method occurs in the absence of a coagulation
bath.
20
11. The method of claim 1 comprising at least two dope formulations and at least two

coagulant formulations.

12. The method of claim 1, wherein the polymeric material is selected from the group
25 consisting of polyethersulfones, polyether imides, nylons and combinations
thereof.
13. The method of claim 1, wherein the solvent is selected from the group consisting

of water, amides, alcohols, aliphatic glycols and combinations thereof.
30
14. The method of claim 1, wherein the concentration of the polymeric material of the

dope formulation is in a range of 10 to 25 weight percent.
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means of a nultilayer extrusion die. 10 18. The method of claiml,
wherein the .dope formul ation has a viscosity in a range of 20 to-
4,000 centipoise. 19. The nethod of claim1, wherein the first
coagul ant forrulation has a viscosity in a 15range of 20 to 4, 000
centi poi se.

15.  The method of claim 1, wherein the first coating adjuvant is selected from the

group consisting of poly (ethylene glycol) s, polyethers and combinations thereof.

5 16.  The method of claim 1, wherein a concentration of the first coating adjuvant is in a

range of 20 to 95 weight percent.

17.  The method of claim 1, wherein the simultaneously casting is accomplished by

means of a multilayer extrusion die.

10
18.  The method of claim 1, wherein the dope formulation has a viscosity in a range of
20 to 4,000 centipoise.
19.  The method of claim 1, wherein the first coagulant formulation has a viscosity in a
15 range of 20 to 4,000 centipoise.
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