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20 at 55°C but a poor one at room temperature, o in effect Grandine used a combination of thermal and Kquid quench.

Benzinger cast PVDF ultrafilters from formulations that preferably used triethyl phosphate as solvent and
3 variety of hydroxy compounds as nonsolvents. See U.S. Patent No. 4,384,047,

Josefiak disclosed PYDF as one of several “porous shaped bodies” that is cast utilizing s thermal quencﬁhg
process. See U.S. Patent No. 4,666,607,

5 U.S. Patent No. 4,774,132 to Joffea et al. discloses preparation of activated and modified PVDF structures.
Similarly, Degen et al, in U.S. Patent No. 5,282,971 disclosed PVDF membranas modified to contain quaternary
ammonium groups covalently bound to the membrane. In U.S. Patent No. 5,019,260 to Gsek et al., PVDF filtration
media having fow protein affinities were disciosed. _

Costar Corporation in published PCT Application No. WO 83/22034, discloses the preparation of PVDF

30 membranes that are alleyad-to possess improved flow rates. The membranas, howsver, appear to pessess an entirgly
isotropic structure contahiny a dense array of closely sligned and contiguous polymer particies. The pores in ths
membrane appear structurally similar 10 @ sintered metal. '

Sasaki et sl. disclosed a PVDF formulation in U.S. Patent No. 4,833,081 and GB 22,199,7864, pnbhshed
20 July, 1988 {the "Fuji patent”). The PVDF formulation of Example 1 had a telatively high polymer concentration

35 {20%) that was exposed to B3°C air with 30% relative humidity. In addition, the Fuji formulations included 3 high

concentration of polyvinylpyrrolidone, which is a co-solvent/sweliing agent. The surface pores in the Fuy PVDF
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t he menbrane. Thrsmbrades, dsiving hihcliow canes aad exeplenti reetiEgcpEperties. The membranes are generally prepared from
a modified “phase inversion™ process using a metastahle two-phase liquld dispersion of pnlymar in a
solvent/nonsolvent system which is cast and subsequently contacted with a nonsoivent. The Zepl patent discloses
20 an improvement over the Wrasidle patent. |
Phase inversion processes generally proceed thrnugh the steps of: (i} casting a solution or a mixture
comprising @ suitably high molecular weight polymer(s), a solvent(s), and 8 nonsolvent(s) into 2 thin film, tube, or
hollow fiber, and (i) precipitating the polymer through one or more of the following mechanisms:
{a) evaporation of the solvent and nonsolvent (dry process);
25 {b) expasure to a nonsolvent vapor, such as water vapos, which ahsorbs on the exposed surface
{vapor phase-induced precipitation process);
{c) quenching in a nonsolvent liquid, gensrally water (wet process); or
{d) thermatly quenching a hot fikm so that the solubility of the polymer is suddenly greatly reduced

{thermal procass).
30 . Schematically, the inversion in phase from a solution to a gel .proceads as follows:
SOL 1 - ' > SOL2 > Gal
{solution) (dispersion)
35 Essamally SOL1isa Mooenom solution, SOL 2 is a dispersion, and the Gel is the formed polymer

matrix. The svent(s) that triggers SOL 2 formation depends on the phase inversion process used. Genérally,



along a line toward the coarse pore surface, but the increase, and hence
the asymmetry of the nenbrane, is not as dramatic as in a classic
Wasidlo (U S Patent No. 4,629,563) asymetric nenbrane.

AsymTetrl c or anisotropic nmenbranes are well known in the art. For exanple,
Wasidl o in U WO361d3ht Nos. 10 4,629,563 and 4, 774, 039 aadniSepé1496n
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and, if allowed to stand, will separate. The mix therefore must be maintained as a dispersion, with constant
25 apitation until the time that it is cast as a film. Essentially, in Wrasidlo type formutations, the casting dope is
provided in a SOL 2 (dispersion) condition. Thus, the dispersion serves as the starting point for ge! formation and
not as the intermediate step (abovn), as follows:

S0L 2 _ > Gel
a0 . (dispersion}

This process modification was largely responsible for'tha higher degrees of asvmniétty and uniform consistency of
the Wrasldlo Membranes as compared to the prior art.
it is the nonsolvent and its concentration in tha casting mix that prnduces phase saparation, and not every
35 nonsolvent will do this. The two phasas will separate from one another if allowed to stand, but each lndmdual
phase by itself is quita stable. If the temperature of the mix is changed, phase transfer occurs. Heating generates
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20 microporous surface.

In some formulations and casting conditions, a "skinning™ effect can uccur at the opposite surface of the
membrane--the surface that is in contact with the casting support and that is not exposed directly to humid aic or
to the quench bath in the casting process. Where such a layer of “opposite skin” exists, it is usually relatively thin,
typically being iess than about 10% of the thickness of the membrane. It is also usually highly porous, although

25 the porous netwerk or web may have a more densely packed apbnmm in cross section than the internal region
of the membrane between the two skins, if both are present.

Polymeric membranes can also be cast rom homogeneous solutions of polymer. The composition of these -
formulations liss: outside of the spinodal/binodal region of the phase diagram of Wrasidlo. Membranes cast from
homogenepus solutions may alse be asymmetric, aithough they are not usually as highly asymmetric as those cast

30 {rom phase separated formulations.

The Wrasidlo membranes have improved flow rates and permselectivity in selation to prior art membranes.
Such improved flow rates and permselectivity arise from the structure of the membranes. '

The Zepf patents disclose improved Wrasidlo-type polymer membranes having a substantially greater number
of microporous skin pores of mora consistent size, and greatly increased flow rates, with reduced ﬂﬁw covariance

35 for any given pore diameter. The improved Zepf membranes are achieved by modifications to the Wrasidie process,

comprising reduced casting and quenching tempaeratures, and redl_n:ed environmental exposura hetween casting and
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‘ Sumi of the Invention

15 In accordance with the present invention, we have unexpectedly discovered that it is possibie to prepare
a microporous, highly asymmetric PVDF membrane that possasses exceptional flow rates. We hava further discovered
that it is possible to prepare microporous, internally isotropic PYDF membranes that, in cross-section, possess a
lattice of filamentoss webs of polymer material,

Thus, in a first aspect of the invention there is disclosed a microporous PVDF polymer mambrane having

20 a microporous surface with minimum pores, and an opposite surface with maximum pores. The space betwsen the
surfaces is a porous support formed frem filamentous webs of polymer material. The membrane of this aspect of
the invention may use as its PVDF HYLAR-481, and it may also contain from sbout 1% to about 30% by weight
of polyvinylﬁyrroidona {PVP), of which a preferred type is a PYP with an average molecular weight of about 45,000

‘daltons. Alternatively, the membrane may contain PYP having an average molecular weight of about 8,000 daitons.

25 The membrane may be rendered hydrophilic by contacting it with a watting agent, such as hydroxypropylceliulose
(HPC), or the wetting agent may be a surfactant. Further, the membrane of this aspect of the invention may have
a supporting material laminated to it, such as, for example, a nonwoven polymer fabric. The mambrine of this
aspect of the invention need not be in the form of a planar sheet, but may also be prapared and used in the form
of a hollow fiber. '

30 In a second aspact of the invention, the PVDF membrane again has a inicropmus surface with minimum '
pores, and an oppasite surface with maximum pores. The space Bezwaen the surfaces is a porous support formed
from filamentous webs of polymer material The membrane of this aspect of the invention may aiso have an integral
asymmetric structure with the ratio of the average diameter of the maximum pores to the average diametet of the
minimum pores being from about 5 to about 500. Membranes of this aspect of the invention may have a flow ra_te'

3% of water of from about 25 to absut 500 cmimin at 10 psid. They may have a thickness of less than about 140 um
and preferably may have a thickness of less than about 70 zm. Membranes of this aspect of the invention may
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The Zepf pat ent et mmpusma“wwm F@“@'&H@"W?ﬁﬁ”%rﬂﬁ?ﬁhﬂ@“ P, greiept from

substantially grm{.&gpmgumﬁg, to the opposite ﬁfgusn croporous skin pores of nore

consi stent size, and great I ncrease ow rates.. wWith r

covari ance 35 f orh gnthe ’g?l"‘/%‘rfh"p'B"r"@"“H'F AnRieaply isqipppic W@\"/’e@uég‘%f; %?naﬁrz it 2

are ac hj eved by mighorois@itisteChiasing tmininiuin porkdrod 8 gicth averageciipmeter a first average diameter, and an opposite
: 30 surface having maximum pores of a different given average diamater. The space between the membrane surfaces

may be a porous support formed from filamentous wghs of polymer material, snd moy have flow channels with
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ralatively constant diameters. Thus in this aspect of the invention, the membrane may have three regions. One
region, near the microporous surface, may be less then 10% of the overall thickness of the membrane and may have
a pore size similar to the size of the skin pores on the microporous side. Another region may be near the opposite
35 surface, may be less than 10% of ihe overall thickness of the'mem_brane, and may _Ime @ pore size similar to that
' "of the pores on the opposite surface. The middie region of the membrane may occupy up to 80% or mare of the



conpri sing reduced casting and quenching tenperatures, and reduced

envi ronnent al exposure between casting and WO 97/ 26134

PCT/ US97/ 01496 '

- 5- ’ guenchi ng. Zepf further teaches that reduced casting and
guehchi ng ten@e261¥s nminim ze the sensitivity of the PCHEBTOM0 -

formati on process to small changes in fornul ati on and process paraneters
The Wasidlo patents also disclose the preparation of PVDF asymmetric
menbranes. Sea UhigknesPeftthgrmembiane, and may have fowychannels3hat argsubstgstially epnstantyip dipmpter, 2nd that are

lines 20-34. HOV@Mrﬁéa.mme Waurmmﬁﬁﬁasn&w%gm:ﬁ%mrﬂance with the 5
Wasidl o patent do not agpglear to have been m croporous nenbra

None of the mi cropor dusvenptygsnechgh the inygnsion is;pn !"H‘é"’ddf"F’B? dexipa; “‘@las'??ﬂg'g"ﬁ(ﬂ“’ fiaripg aqueous
possesses a hi ghightioRsS m&&vblﬁem is an ozone tes%faﬁtl*ﬁc'inbtfr@s wﬁlommﬂ Hﬂﬁﬁﬂnﬂwiﬂd 3 m@d’phrﬂfs siifade

PVDF nmenbranes are limted n 0 rat.es as
oy ot 116 ey FTR A B4 RIS o g R 26, L P AR A T ey e
skill in the artporoissuppbirtrhay bidtrmedBdnr fadmerzous webs of polynteOmaterial\andithe @ongresistany Msmbete may

PVDF, rerbr ane heidiChod i f(helF 155 ol A RSP Yol S, 198, 11 O T2 5.

Further, it woul 8" PO i n nicroporous
PVDF nmenbr anes having high flow rates, V\/net her isotropic or

asymmetric in structure. Further, it rickish'of 136 Braddfms PENEfi Ci @l to provide
nmet hods to enabl e the consi stent ' production of each of such

menbr anes 10 Figure 1 is a series of scanning electron micrographs (SEMs) showing crass-sectiong) mo; meppbranes
the Invention 15 comparison purposes: Figkre2ta GOdnCiméikaly %’trﬁpﬁ Wﬂﬁmﬂﬁﬂlﬁﬁmccdrﬁmﬁ Wvith Qﬁunvé?ﬁon
have unexpect ed ugl scovered that. i s possi bl 5!@@ E _
i cr opor ous,  hi A% B0 P G AR R (L9005, ot S 1c and

flow rates W hawemf l-.hﬁibshﬁ rSEMS frano G@tac World Patent ApphtatimtNoi WO i93/22084% stioWihg thé @ross-sectional

prepare m croporerdamesop&seﬁ'vﬂ%hymdé@# pi ¢ PVDF nenbranes. that, in cross
section, posses | | ament ous webs of polyner naterial.

15 Figure 2 is a series of SEMs showing various views of an internally isotropic membrane in accordance with
the invention. Figure 2ais a cross-sectional view (500X). Figure 2b is a view of the microbmus surface {1,500X).
Figure 2c is a view of the coarse pored surface {500X). The membrane has microporous surface pore sizes of
approximately 0.5 zm.
Figure 3 is a series of SEMs showing various views of another internally isotropic membrane in accordance
20 with the invention. Figure 3a is a cross-sectional view (750X). Figure 3b is a view of the microporous surface
{1,500X). Figure 3c is a view of the coarse pored surface (1,000X). The membrane has microporaus surface pores
of approximately 2 um. _
Figure 4 is a pair of SEMs showing views of an asymmetric membrane in accordance with the invantion.
Figure 4a is a cross-sectional view (1,000X). Figure 4b is a view of the microporous surface (5,000X). The
25 mambrane has microporous surface pores of approximately 0.45 zm.

d D of th Pteed

As mentioned above, the present invention relates to gur unexpected discovery that it is possible to prepars
lrlcrnpnrous PYDF membranes having exceptional flow rates in twa distinct forms: internally isotropic and highly |
30 asymmetric. The commonality between the two distinct membrane structures kes in the porous structure that is
apparently formed by the manner in which the polymer gels. This commonality is readily observed upon examination
of cross-sectional SEMs of membranes in accordance with the invention in comparison to prior art membranas.
For example, referring now te Figura 1, four cross-#ectiohal SEM views are pmided'for comparison
purposes: Figure 1a is ah internally isotropic PVDF membrane in accordance with the invention (500X); Figure 1b
- 35 is an asymmetric PVBF membrane in accordance with the invention {1,000X}; and Figures ic and 14 are copies of -
SEMs from Costar World Patent Applicatidn No. WO 93/22034 showing the cross-sectional structures of its PVDF



Thus, in a first aspect of the invention there is disclosed a m croporous
PVDF pol ymer menbrane havi ng 20 a m croporous surface with m ni nrum

- pores, and an opposite surface with maxi mm pores. The space between the
surfaces’is a porous support fornmed fromfil anentous webs of pol yner

mat eri al . The wevodpstsae of this aspect of the inventi gyt 2
its PVDF HYLAR4A61, and it may also contain frpmabout 1%to about 30% by
wei ght of pol yvinyl pyrrolidone (PVP), of which a preferred type is

a PVP wi th an avyghsgses (J000xe CAslwlr be%éﬂhﬁhz@ﬁm@ﬂ%apﬂﬁuﬁ%m accordance wﬂﬁﬁetp%ﬁt invention

Al ternatively, the nenbran ont ai VP hayj an avera ecul ar,
wei ght of about mvsﬂﬁfﬁrw)ﬂ! s webs °{;‘H§ 'ar‘?g' Hagigr,phe F‘gfﬁ@f“@ﬂ"’ of the invention

hydrophi |l i c by qfg) b &isianegion,tfroithelnicropsreis Elltfé@ (ﬁglihﬂb; belﬁﬂm ﬁbiﬁt approximately three-quarters of
hydr oxypr opyl cel ] ul o

surfactant. Fur t'HY aﬁw PSR sﬁ'ﬁf 5’} mf‘ﬁ"l ’""cé'g 'ﬁ P&f ﬁ’g gﬁ%{?%ﬁ °'arﬁf§‘ of Balymer

a supportings mateeterish In kaatrash e Gostar wembtape (Bgsc e md;jd) tloonut appeantp pessessca swand\wOWEdBtructure

pol ymer fabric. JP&&KFEKQ&. &s a% ?wab H?ther me%ﬁﬁvﬁ%pgagars tnthlgﬁ gLﬁvenw n rre]pgﬁ' Fn}?te

not be in the fori anar e prep
the form mwnﬂnﬂhrdbhwfﬁqwﬂmmﬂ In a second aspect of

the invention, the PYPEddﬂﬁmﬁrﬂﬂﬁ fﬁﬂ@'sﬁra@ﬁﬁwﬁn the SokeRiaR iBirohic ShY HigRp ?syrmwttrfr. membranes
m ni num por es, an op BOSI te surface W th maxi num pores

space between t H’@"‘!ﬁd WP%FB’@@”‘% with the 13ysntign,is the fast Shat botly Kinds aE ppembranes possessra censiyicted pore region

filament ous1evebsn efadjierh wmmﬁislsahm Tihe iSRERY mﬂﬁhﬂ'ﬁlmhhieﬁm aEchriinde vith tﬁcl?lﬁalmon
I nvention may al so have an tﬁ:trUCt ure with t

ratio of the avdPSHE® 'Bﬂ"a%ﬂ'ts "Bg"ﬁﬁ'éﬂ'ﬁﬁ% “hﬁ?ﬂ"ﬁ%?’é‘g' "8'"°t JicEopatpus, srfac; HWF'@P"
of the raliows nvembyapes pithe inveationgto fpresenn sigiditzaritly Bsstrasismaime ui a fﬁﬁ@maﬁv’hﬂhm&rtm ﬁ«fres

this aspect of t.ﬂ%g&g)ﬁ?ﬂ:}:%?ﬁnﬂ;@y?%ﬁ%ge@? f M%; Eaﬁgr\h/br na is 9{1}! b Glnstitto b res n or

about 25 to about ' ey’ my ness 0
t han about 140 [adiacent tm the microporous sysldcepr ef er abl y nmay have a th| ckness of Iess

{/\?)ag . ?28‘{%47@ [ er r] mas idRdHerein MR Ser ﬁmn&ﬂbr&nﬁﬁﬁﬁlﬁﬁ méibrahed Saving WiEHebbrod3 TheriFbNe surfaces, with
PCT/ US97/ 01496 Aaverage pore diameters exceeding about 0.01 xm, Maximum pore diameters in the microporous surface praferably

- 6- havie na eXdesd labost 8y, ks vilf bevupgretiated) inedhibirane havig Wierafe foretdiameddpeOmis a/e Gbss than
Ce e oo o B P S i RGP ot et 2
si zes fromthe mi crofjeteraalisisotropic” as used herein refers to membranes that either possess a substantially uniform pore
.20 size diameter through the bulk of the cross-section of the membrane, or to membranes that do not possess any
significant pore size gradient from the nii:ropnrous surface te the opposite face. For exampls, an internally isdmpic
membrane may possess relatively smalier- pores in the microporous surface and relatively larger pores in the porous
pnlyiner substructure, however, the pore sizes generally do not gradually increase from the microporous surface into
the polymer substructure. Rather, the microparous surface is a relatively thin, dense region possessing a higher X

25 density of pores per unit of area than the porous substructure, which is a relatively thicker, less dense ragion having
2 lower pore density. Accordingly, internally isotropic membranes in accordance with the present invention can
display a relatively abrupt transition in pore size between the micraporous surface and the opposite surface, which
is in contrast to the gradient of gradually increasing pore sizes from the micraporaus fact te the opposite face such
as is found in Wrasidlo-type asymmetric membranes.

30 Because the membranes of the present invention may also have a relatively dense skin region near the
opposite surface of the membrane, it is possible for an internally isotropic membrane to have surface pore diameters
at both surfaces that are very similar to those of a hiyﬂy asymmetric membrane. Accordfﬁgly. one cannot conclude
that 2 membrane of the present invention is internally isotropic or highly asymmetric based on surface pore data
slone. The key feature is the internal region; usually at lsast about the middie 80% of the thickness of the

35 - membrane. In highly asymmetric membranes, this internal region is characterized by pores or flow channels of

pradually increasing diameters. !n contrast, the internal region of internally isotropic membranes has ynies or flow



surface to the opposite surface. ' In a third aspect of the

i nvention, the PVDF menbrane has a microporous surface wth nini num pores,
an 5 opposite surface with maxi mum pores, and the space between the
surfaces’ is a porous support formed from filanment ous webs of
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30% by wei ght of 2@ disclose herein, 3,ejlog) cibly ganjrpffiop and Syaninylatiog this\ptermal embrape Stpigtuie, o

solvent, casting the ¢RREm"yhnRiien &3 uiel hateid relhtél) to @ iFdnd)Bssbdding 4 fore'sizé grhdihe. That is,
to a gaseous envi ronnent

| at i. t filmi wat bat h .
recovering a ¥ or WWW“&"’%@?%E%“W%P% ﬁ'?flft pores i o ?d”\é\ﬁ’é‘%? '&'?f&“.""""fﬁ@‘%feﬁ'ﬁf"é{ﬁfé’
- made by this net inresiesybetuaenaheanionapareus piface aml tieloprvsie eufase tohthemembraneris gamerathcgradeel) with
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the surt aces, v (T SPHES ke AT ELteSatuc B R i S SRR b S TET o
. webs of pol yrrer RReosite. icagrse parpdsHtacenet hod, the dope mix may have a t enperature
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may havesgPF AFESASIIU ar wei ght of about 45,000 daltons. The
- casting and quenchi nanmyedbl;mirmbd iDveceirdings @ith the inventiont aciniegval mitraporbusrnmmblanes having

T e ane WS iy i i Y S 50 B e
' laninating t¥e fet wbrmmwmmmwﬂwmefrmom Mm«wv 0.8, 1.0, 2.0, 30 |agd Al zm. The

. fabric for su PPO mbmbranes also have an opposite surfacel "YRa miltbp6ras surface isl goherd! ftﬂnfsﬁrhcﬂﬁpﬁ Gfposad directly

: L)
menbrant w th a MErERY %éhﬁﬂ&e&iﬂﬁ&wﬁnﬁfﬁéﬁq‘*&sw B o tat s

. surface havi ng s exposadihe serface thad & inccorddnt with thermguncsmchatnmwmhtthmmini B€RE6 . Thus, the
. This region may r Som d. f.r fl.l ament ous webs of pol yner
- material, while ?;ﬁm&pﬁ cggs 'Eeg?ae‘mdf‘%%i'\)‘éhf?%"ﬁﬁgnnel S whose di aneters

. gradual Iy i nth ease al Bngpmtgsudm of memtiranes/in accordance with the @vention sl igemprisessmisaporhus paes that
- the opposite sur{gqan be larger in pors size | size than the pgé ﬁkﬁéhﬁroﬁmﬁac@m&ﬁﬁl !?]em/rﬁﬂ} dos3kks bpposite

.an internally isotropic mcr

. microporous sur f &acerers sireg ohirom *m'h? Phote é!““’?ﬁ" Hip- fixapgles 18, eovideyicheqain i samivanes, possessing

. first average di W@{uﬁa@% sites 0P IR 4,8, 600, and 3054 f ace havi ng maX| mum por es
c of a different gi ven gyera | anet e

Csurfaces , B S ettt s oy 3P pror, PR A o s yporous
pol ymer mat €28i al mmr.tmm';he haaue subsdtrocasredam beneithes submnﬁally isotropic or asymneekrint Wheaypy of structure

~constant di anet egc‘ﬁkvegqﬁug&di don’ sl f?n?o?s?ﬁéhdﬂ{} 1 Wﬁ? ﬂ)ﬁ' Yn‘?\&'ﬁ&aﬁﬂ 'of {hb i uﬂﬁf &ldént, Wuu

have t hree region cropor ou ace,
~be | ess than 109aussolvert;ahesysting-gonditions, F‘Ek#é!ﬂé‘"'f!fﬂm mét*m!m ﬁ'&%‘t%eﬂ“ﬁwﬂw&wﬁ such as

~a pore size sim bgkxplshe t.ﬁ&sﬁaa&easﬁfg aﬁamﬁnﬁm Bhd B2 RuffitinyCuP the ExPostTé Stmd3phere; hSiheSthripBsition
Ao g N M e eiturg of the paencibatn © ©
30 One feature shared by both the internally isotropic and highly asymmetric memh_ra_nes in accordance with
~ the invention is that preferred membranes possess fibrous webs of pnlyiner material. See Figures 1a and 1b. In
contrast, as discussed above membranes prepared by prior art prnce#ses. si_u:h as the Costar membrane {Figs. 1c
and 1d), do not appear to possess a fibrous structure of polymer material. Rather, the polymer appears to have
gelled in a globular or particulate manner, similar to a sintered metal structure.
35 As mentioned above, memﬁranes in accordance with the invention possess certain pore size differences

between the microporous surface and the coarse pore surface. Certain membranes, however, are predominantly



35, surface, may be | ess than 10% of the overall thickness of the
menbrane, and may have a pore size simlar to that of the pores on
the opposite surface. The middle region of the menbrane may occupy up to
-80% or nore of the WO .97/ 26134

PCT/ US97/ 01496w0 9726134 PCT/US97/01496

-7- t hi ckness of the nenbrane, and rpy have fl ow channels that are
substantially constant in diameter, and that are intermediate in

-size conpared Wi ioopiciPsubshribiiibifie dIRA are RieldMintiPstfnd e inQhbsthubeie. "R GIRE WIRs, membrane in
A sevent h aspéct of the IFP\éent'l on is an_inproved filtering device wth a

menbrane for fi|pnGWIfipityntion possass constrictsy pore; 3pidn or-phiacent 1pffe pesoprpis syrkaca fplative 1o
"ozone resistant tm siisPRare@fite idviblaneD Dile \thigkiess GE (KD rskikTaegioh bthdithar siif4eE, Riwavep Selatively thin:

R O L M S T e
| support nay %e fpose ragich if sr@djacént fo shewiotonverys surbdosalians the ieyhnapes ofthd measéneihventiamud bé sy open
| ozone resistant A f. r d m
about 25 to abodt® ﬁﬁé‘Wzﬂ:g{[s ased ﬂtgé?ﬁi;g Paiitaifig Yoba 'étdnfion Plopettigd ﬁmﬂi thh FeSiited pore
"Brief Descriptid®odf the Draw ngs 10 Figure 1 is a series of

scanni ng el ectron m qrOEDRRmEradesTEMR lveRibR WihitGor Bigh) SymARfictol MRkl Mins)S Famm,m
- nmenbr anes f&&w@o arl son puré@noses:, Figure la is an I nternafréas§<

i sotropic PVDF M largp voj afi Sume gmpodimentsothe ypidcralume s, at least about 45% 53 yor 55%.
“Figure 1b i30an casysmbedimentCof B mEmbrimes birthitventioh have Gy vaiGies 6F a¥edstbdubS0%] EB%C07 0% st

Vor 10 Pt ent ApyTRCBBRA T nsvion oy 0l Yo ot e A BB ot may e
structures of i tdsterfmioEhy poswmding:throwsiglitd0OGYdpembrade and a wet membrane, or by-talgulatisy thk derssitycof a dry

series of SEMs %ﬂﬂﬂ)&n@%d‘é@ﬁkrﬂb‘ﬁ 104he iRty W a 30hd nddt grtﬂ%lwer br . of 9@(\5@% IE‘ige a{ A, |

accordance W th e rnvention. Figure 2a i's a Cross- VI ew
(500X). Figure 2b is The memirgpessf the prasetineeriion are ganerally vent "apees’ membrapasopeyviding limited resistance
Figure 2c i35a Vb Giid fibkw, yo? SoicC0 SMaMtORFaRtb sitids D58) dnDFANbs of TSNP hiRGn PieSsizes.

m cr oporous surface,_pore sizes of :
P Accordingly, as wﬁ be apprec?atad, membranes in accordance with the invention possess exceptional fpw rates.

For example, the following Table sets forth microporous surface pore size, opposite surface pore size, and flow rate:

TABLE}
2 | i Opposite Surface
Pore Size (z/m)
{sotropic .
I[ Asymmetric 0.1 3.0 40 H
H Isotropic 0.3 3.0 31
Asymmetric 0.45 _ 79
. Asymmetric 05 20.0 73
Asymmeatric ‘0.667 — L
Asymmatric 0.8 | 200 84 |
“ Isotropic - 1.0 40 38
| Isotropic 20 5.0 .58
30 Asymmetric 20 300 144
‘ Asymmetric 2.0 _ 20.0 178
_ t Asymmetric 2.0 200 268 .
n isotropic - 30 5.0 | 72 3_“




approximately 0.5 [err]m Figure 3 is a series of SEMs
showi ng various views of another internally isotropic nmenbrane in

i accordance 20 with the invention. Figure 3a is a cross-sectional view
(750X) Fi gure 3b is a view of the mcroporous surface (1,500X).
Figure 3c is awbeumedd t he coarse pored surface (1,000X). ThePREMSIAIE6has
m cr oporous surface pores of approxinat.ely 2 [err]m

Figure 4 is a pair of SEMs showi ng views of an asymmetric nmenbrane in
accordance with the i idtte empeciated that membranks iascoetantawithahednventiopgessescaybstaptiathl impraves fiow
(1,000%) - Fi QUIe 4R Juf yhr Gh Gpuiinest "5r (Thofpe G BB oL, 2 oD e cofioa 30 ooy
menbr ane has mcroporod’s surtace pores appr oxi err

Det ai | ed Descr i ptniembranesshat aréieomparciofyavaiablg fromMillgprer Romeration. 30& Cﬂmr Tﬂlllel mﬂ'l -8 the following

nentioned above, {Gendl SEEN membrbie of thflesinEivdhtRiSark ompirds with Eosiaink Mflipdll MerBNRE:Y

that it is possible to prepare m croporous PVDF nmenbranes having
exceptional f¥owrates in two distinct forms: internally:isotropic and
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20 Note: In the foregoing Table, all pore sizes are given mpm and afl flow rates are given in em/min @ 10 psid.

For comparison purposes, the mean flow pore size is given where available. It is important to note that
the mean flow pore sizes for the membranes of the present invention are closer to the actual skin pore sizes then
25 the case for the Milipore membranes tested. To assess differences in flow rate betwaen different membranes, _
a comparison of membranes with similar skin pore sizes is typically done. However, the mare maaningful comparison
is batween membranes having sinilsr mean flow pore sizes. Such a comparison shows the dramatic improvement
in the flow rate of the membranes of the present invention, as compared to the prior art membranes available,
Membranes in accordance with the invention are relatively thin. For example, internally isotropic membranss
30 | in accordance with the invention can be prepared as thin as about 20-25 um, and preferably are from about 25 to
about 50 £m in thickness. Asymmetric membranes in accordance with the invention are generally slightly thicker
than their internally isotropic counterparts. For example, preferred asymmetric membranes are between about 80
and about 125 zm in thickness. I
Membranes in accordance with the invention are prepared with relatively higtx polymer concentrations, from
35 about 12% up to 20% or more. The temperaturs of ths dope is preferably between 21°C and 35°C for highly
asymmetric membranes, and either below 21°C or above 35°C for intemally isotropic membranes. Further, in
preferred embodiments, following casting of the polymer dope or film, the fiim is exposed to humid asr Exposure



menbr anes (3000X). As will be observed, the internally isotropic nenbrane
in accordance with the present invention (Fig. 1 a) possesses
relatively fibrous webs of polyner naterial. Simlarly, the asymetric
menbrane of the invention (Fig. 1b) has a region, fromthe

m Cropor ous W@ 978684 (or shortly below) to a point approxi maPerys97/01496

t hree-quarters of the way to the opes. pored surface, where the
structure clearly includes interconnected strands or webs of polymer 5
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which is arelativ ess dense re
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transition in gmrg mze@etween he m cropaorous, surface and the opposite

surface, which rmation. Peiqaystp membrages, °ft°PPé'°’§ ised; esiprs or Gefllpsp aitte, 'ﬂ?‘"""" it appears
i ncreasi ng por ehasihes nigligihie svdperation ﬁfrsﬁl\pmrnﬂmsnfmctsn that, ih khe quafch Oth, e glienoh diquid Waahes

as is found in ﬂ\% es%m%ﬁli raq% w& as é%ld FreESnRF gxgl%ﬁelﬂc 100, Because

t he nenbranes of rese on nmay a ave a relatively dense
skin region near t hBﬂther with sulfoRs pplrmer membraeps ﬁrmed ip fccerdance withhthis process wetobserse, in certain

possi bl e fgr aﬁahdﬂ&s.ein% greft donsBicion By ﬁre R SRR En defdw I’l‘lﬁ‘ﬁﬁmﬁ“ﬁuﬁ &inS sﬂ&lra tyctare would

di amet er s % surfaces that are very simlar to those
hi ghly asymmet st ‘W’BP%@“ tighter-epreg P‘ﬁ@ﬂ‘ﬁ i poramety AplNESe. Sech A% for grample, our ubsmm of 2

membrane having a 1.0 ym maximum pore size and 0.8 um mean pore size. This may be evidence of a process of
wternal “skinning™ akin to the skin formation in Wrasidio and Zepf membranes. Support for this possibility is given
by Michaels in U.S. Patent No. 3,615,024, Col 5, lines 43-54, where it is disclosed that a gradient pore structurs
35 occurs when water permeation into a cast film is restricted by 3 tightened skin, which is fo.rmad by the water in
the first instance. Or, alternatively, it is pessible th;t while the membranes in the isntrﬁpic region aﬁpear 10 be



that a nenbrane of the present invention is-internally isotropic or highly

asymetric based on surface pore data "~ alone. The key feature is the
: internal region: usually at |east about the m ddl e 80% of the thickness of

the 35 °~ nenbrane. In highly asymmetric nmenbranes, this internal

is characteri zWP%2613dres or fl ow channel s of gradual‘f?"i’%?ypgg i ng

dianeters. In contrast, the internal region ef3internally isotropic

menbr anes has pores or flow WO 97/ 26134

PCT/ US97/ 01496 isotropic on visual inspection, they actually have a pore distribution that accounts for the porometry data and higher

9 channﬁjbﬁe {nttﬁéﬁl%ﬁetﬂurﬁf#nﬂéldafém%ﬁ%fﬁi‘ﬁmﬂdnﬁ%er The structural

difference is generally ver ear ,
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internal structUupfgis Mﬁﬂy}?ﬁéﬁnﬁeﬁtu Bflbalancing solids conébrehtiah] Iﬁlﬁx&lﬁ.saﬂd hmslﬂ time, we hawatsynchekized
for reproduci bl y controllin
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mi cr opor ous sur f AW et ween
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. gradual , with mf...cm}xh%ém'dbﬁ% erf2E fos ot FABF oy i Gal 6 iR Qb Yabrics, f thr
surface and the [arges por es at or adj acent

opposite, coHtse .gplgmanagqg;afyac'@s, in accordance wnh the invention, we| qlpg@wtgﬂunaggrmgdamyug ond
refers to menbrapgfrddidftechfiescast froma single polyner solution or dope.

Thi.s 10 is in contrast to.n r or co osite es that are
cast fromnore than ofemBgY 8%4 FPP‘&% &U?mﬂﬂﬁe“ membranes Wﬁ'&'ﬂ 'Fbé rEaLee
or conposite nmenipmaiss withCdi e earibus fabreshd Fanmpmgitalﬂd Iandnation netedaisnitcludedwévenoamd navwoven

or nore fully .. faqr aft
Preferred menbr a8, m%cﬁ%‘?"dgﬁ%r@; %nn’?%"f‘ ne | %I (r;*% sxpmplet. noivester. [polveropylene, aylan,
m cropor ous  Henbpalyethenkiteiepithalate, and polyethylers are upmmwo'ﬂmw&&w "W't' H "WP‘E“%‘MW““’

rangi ng from abo%, ﬂﬂ nenbraney df tHd inkeRtioR DEiidice 6F 4118 pheRcuibrlidMinatlaX MEtEHaD hﬁfsﬂl c{’lﬁﬁk’ hdd@dihg 10

herein 15 nbranes df’]aw ng m croporous surface por of
0.45, 0.5. 0. 667 the(]la@culaganyhmyn ol °3d°0t° Iaminate mpembranes of e, kg0, one zan S rPé‘Prt?f Afnasiee

al so have an Oppgﬁb&ﬁs&li&ﬁﬁ&e as Wilﬁe iﬁhﬁda&pwmofsidm‘rmmmltm ageneral ly the
surface that is expos

quench bath during ca °W§°"""1‘ﬁ'8 “83&5'5}"‘3'8' ?W%E@?W%@égﬂgfghb%ﬁstm c&nﬁ}“ ith the

that is not 20 present invention, it will be understood that the casting or production line preferably has an area in which tha film
' is subjected to humid conditions and to controlled air flow between the point of casting, such as, for example, 2
knife blade or slot coater, and the quench water. The same is true for the large pore sulfone polymer membranes
mentioned above. However, because of differences in gelation and curing times, PVDF often requires much longer -
air exposure times. Accordingly, either the fne speed must be slower or the humidity tunne! longer for PVDF
3 membranes. If, for example, a PVDF membrane is cast at 20 feet per minute and requires one minute of humid ar
treatment, then the exposure distance must be 20 fest.

Membranes of the invention may be hydrophobic or hydrophiic. A membrane that is hydmpholnc after
casting may be post-treated with a wetting agent to render it hydrophilic. Suitable wetting agents include
surfactants and hydrephilic polymers. Examples of useful surfactants are ZONYL {DuPont, ahumhgton, DE) and

30 TRITON x-ion {Rohm & Haas, Philadelphia, PA). An example of a hydrophilic polymer is hydroxypropylceliulose
{HPC). A prefersed HPC treatment is to soak the membrane in 2 bath containing an aqueous HPC soluticn; the bath
' may alsc contain one or more surfictants, alone or in combination with HPC. The wetting agents may also be added

to the quench bath, so that the membrane is rendered hydrophilic as past of the quenching step.

Membranes in ancordani:n with the invention are suitable for the complete range of microporous filtration

35 applications, including elactronic water filtration where ozone is present. A very important use of membranes in

accordance with the invention is in batteries, wherein a membrane may be used as a separator between different



t hus exposed--the surface that is in contact wwth the support structure
onto which the nenbrane is cast. Thus, the opposite surface is
sonetinmes referred to herein as the cast surface. 20 The
opposite surface of menbranes in accordance with the invention al so

conpri ses ni WQPR6MYs pores that of ten can be | ar gepcr/ospnif@ssSi ze
than the pores on the m croporous surface. Rfeferred nenbranes possess
opposite surface pore sizes of fromabout 0.05 to about 50 [err]m
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achi eved depends upon several factors
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envi ronnental fact grs suc rgosure time between cas 1 and
quenchi ng, and % TREABATEHP aﬁ"f'g)‘““ﬁf"“'l tﬁ‘e“"m&?ﬂ\’@ P, FFEas iy withstond the payse @eﬁmzﬂm*bn
gndht err]rper at ur éy ﬂﬁpytbrh earﬂma’mhaldimtlhwlar%mnmn hydroxide ttKOH) Moﬂin\gr b Sumbib! bISPVBIH Adnfdfdne

oth the intern nmet r ranes in accor ance
o © Rt P ok et il e i ko S et o e Bapvepmsr RO g
of pol yner Wmat dwaad.ll of tlﬁuanrﬁrsgutess m:nbramdzrehdmd inl avcordance with theCimwaktibbéhibitedifood chamical
di scussed abov C such as the
Costar merbrant sszEEP ﬁff‘t%?urﬂ:ﬁ Wrﬁdﬂﬁ ailﬁ ﬂuo%n%ﬁf&eal?ﬁ@ oga?gg?%”ﬁ'ossess a
fibrous structure o (e ixetf thecimembrang may coteimdy additigncto BVIF arbydrophlip eolwmer tuch dvafer
gelled in a gl ehupa bolﬁiﬁylpm&dawin%ﬁﬂemmrnm%'pmde@ rmayt Edndcethe VisEulsityCbr e b mix,

structure. 35 As ~ab ove, nbranes 1 n accordance
with the.i nvenfTdRY Byatiac the Eg?si"aﬂ“ﬁ""ﬂoﬁ"é"t“éer 2'5@“"(}!"?*@‘ aphamers will, of courss, intesaci uithythe
t he m cr optiE ousthe dictonsftacting the sthueture eloshs @emprareSsuchLus fcﬁﬁg tenip@itind)iqendNEREHiPeratthrS, Sime of

E%‘_?_’le \L/Jgg? / g&gggkﬁ&ﬁmﬂﬁ% Ly temperature and relative huu\“?y o thess 5 hich the membrana is exposed, and the ke,

- 10- iThecmembsnescof ithe inganticn mey kptcest withouttai Hydsophilic inelymer, am witharhediephiicrpalytet having
asymmetric in gy tonddfthatin G the dape Mo\ fup HQbodSI0% TP KRR ot Ikt 1%, 2%, 3%, or 5% of the dape
mix (by weight).

20 " Becauss many of the PVDF membrans formulations in accordance with the presant invemi'on possess high
concentrations of polymer, and thus have high viscosities, formulations in accordance with the invention are well
adapted to spinning microphrous -hnllow fibers. In one embodiment of PVDF hollow fiber membranes in accordance
with the invention, either air or a nonsolvent such as water, containing solvent or other chemicals such as .
nonsolvent, is used as the jumen fluid and the outer surface is exposed to various environments, such as humid air,

25 dry air, or other environments, prior to quenching in a figuid, such as water. The resulting membrane possesses
tighter pores on the outside of the membrane since the solvent and nonsolvent would migrate outward as the
external environmental water migrated inward. We have found that the viscosity of formulations in accordance with
the invention can be made high encugh to hold the forming hollow fiber membrane intact during its descent through
the humid air gap. - _

30 There are several sources of PVDF, and it is available in several classes based on average molecular weight.
We havs found HYLAR-461 {avaliable from Ausimont Co.. Morristown, N1}, and KYNAR-761 {available from Atachem
Co., Philadelphia, PA), to bs particularly suitable for casting the membranes of the invention.

Preforred membranes in accordance with the invention, and tl_lair process of manufacture, wil now be

described in accnrdancé with the following Examplas and with reference to the accompanying Figures.
35 ' '



accordance with the invention possess constricted pore sizes in or adjacent

to the mcroporous surface relative to t he substructure of the
~menbrane. The thickness of the "skin" region at either surface, however, is
‘relatively thin: generally less than 10% and preferably | ess than

7% ‘of the oveW@IM26184 ckness of the nenbrane. The constri ct edPCEBUSI01486r ¢
region in or adjacent to the m croporous surf.gge all ows the nenbranes of
the present invention to_be very open i n substructure, which allows
i good flux, while maintaining good retenti oEXAMRIEdrties owing to the

restricted pore regi on. . Effect of Exposure Tiga I VDF rrenbranes of the
i nvention, whether highly asymretric or sot ropi c,
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O her enbodl nents o of the invention have void vol unes
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may be i ght of r
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conparing it to relbte oimkktyi toryariods timessas|shoun indighis liD fThardakter. e impmizanesovere qeexchuifin a water bath
pol ymers of equal,al ture of about 60°F. The nenbranes of the present

i nvention are general very “open’ nenbranes providing limted resistance

- 15 to f%id flow, MW’MW'&WW#‘?S@P@M’W with deinizgad waiseand then tesated far 1815 eatonds

~principles of T Owitha Ut aquedhid HydFSkyProfiPdiMIROHPT) Sdibhte makn the membnﬁ@ﬁﬁfoﬂﬁﬁ@ﬁleh‘ air diied. The
wi |l be appreciated, nmb EI n accordance with the ventlon possess
rangs adtmclkr'g

exceptional f| ovfefovsredae £3ps o betyyepn 43 Lmiapd30 1y F‘lﬁ ﬂ@%%@dﬂmw

M cr opor ous sur fﬁﬂrﬁabmﬁraeﬂaisﬂﬁl a 470 Sihnketer ﬁskﬂipﬁmaﬁplaemneﬁetmambtc‘r,lmﬁ abd) Mean

-IC-/)SS I(; sEl ,|[ e Sﬁ(r) face flow pore sizes oé tp!t '%%R/s %{ ge?etnﬁi'r{a? with a coulM porom Bg_'r and the surfaces and crass-ssctions

Surface . 15  wereexfinedbySicanuing (efeciton fucrpscopy (SEM). (cnimin @ 10 psi d)
Pore Size ([err]m - prepresentative 7SEM for the membrand 1 'sSHile G b is gnvi##g% l;iqm(':es 22-2c0 Aslwill be observed

3.0
0.1 from the cross-segtignal view of the membrane (Fig. 2a), the m}r/lmpa' has a porous substructure that is
| sotropic suhstamlaly isotrbpic:3 However, the pores in the substrucmra dre &nerany larger than the pores in and adjacent
‘;’é 25 to the WME{?F& 'ﬁla difference in pore sizes as he@negn tha microporous surface and the coar?dwrﬁl
73 20 surface is Adiyrvbadrvablcwhen the SEM. of the microp@oul €itface {Fig. 2b} is compared with theé SEM of the
_ . ~ Asynmetric , 0.8
20.0 coarse pmﬁgﬂm W'BZA?' | sotropic
1.0 Expasurp conditions, water flux data, and pore sizes are showrgig Table Il
| sot ropic : 2.0 _ yABLEW 5. O '
53 ' I I —
Mean Flow Surface
25 Flow Pore Size {um) | Pore Size
10 seconds
100%
1< | 30 seconds 800 10 20 pm 0.8 gm
100% .
1-d 20 ssconds 94 - NA NA
80% o
30 1e 120 seconds 1364 13 | 30m 2.0 zm
80%

Note: water flow units are mi/min/8.5 cm® 8 10 psid



30 Asymretric 2.0 30.0

144 Asymretri c 2.0
. 20.0 X 178 Asymmetric
2.0 20.0 268 :
| sot'ropic WO 97126134 3.0 5.0 PCT/US97/01496
72 WO 97/ 26134 16
PCT/ US97/ 01496 .
-11- It will be appreci afxAMPLERt nenbranes in accordance
with the invention possess substanti ot 1 L% f.l ow rates over
prior art nenbranes. For exanple in _ . Costar nenbranes are

conpared to PVDF We preparedianesting-dopetchndaining, by weight,1\@% PUDE HYLAB:4B)) 8 mbhaerfsmmm K17,
M 111 pore Cor poL,gtssd Rmethfifyrditdng M ?P)-EEWe%olJent A9 Sreristan Laﬂh s Wore’ cgsé r?!b?;ua é!@"w‘f'h“

Tabl e, flow rates of nenbranes o0 esent I nven are
Costar and M1 |nopgpy@nanq9m RApAE 4sing accasting knife with a knife gap of 7 mils. Following casting, the nascent

'&B{-E I M membranes War6 sﬁmr@ biBat 25-27°C ahl 70% Félbtive hanrndny tor HiGrene mles, 8s shorm in Table IV.
st ar

| nventi on ﬁ"&i‘f’ rethe '“'"'h"““ IL‘FBW”“’M in 8 wajor bath "FY"E\R/‘T!B"‘"“ of “'Wl qﬂfﬁ e Size

Fl ow Rate Mean Aftexcwagulation, the ﬂmmfhirﬁuashed Withid6lonized water and thiéA trBatedwiPa 0.1% agueous
go gi Size lfc éolutmn to makg th} mﬂgm hydrophilic, then awgned OThQQcmred membranes had thicknesses between

8. 10 10 625%um and 30 wm. The mesrBrdnes were tested for water perfieaBility at 10-psid on a 47-mm Giametar disk. The
- surfaces and cross-sections of the membranes were examined by SEM. SEMs of the membranes demonstrated a
similar structures to thoss shown in Figures 2s -2c. Howaver, the cross-sectional SEMs indicated some macrovoid _
formation. This factor indicates that NMP may not be as good a solyent for PYDF as is DMAC, although higher
polymer concentrations might remedy this problem. o |

15 Exposure conditions, water flux data, and pore sizes are shown in Table IV.

TABLE IV
e
Exposure Water
Tima/Humidity Flow

20 10 seconds
- 70%
2b 120 seconds 344 4 tm
70% '
: R ey
Note: water flow units are miimin/9.5 cm? @ 10 psid
25

EXAMPLE 1l .
_ Effect of Polymsr Congentratien
In view of the presence of macrovoids in the membranes prepared in accordance with Examplz 1}, wa
a0 conducted the following experiments to determine the effects of polymer concentration on membrane structure.

" We prepafad a casting dope containing, by weight, 20% PVDF HYLAR-4B1, 5.0% water, 1.5% PVP K-17,
and 73.5%-NMP as the solvent. Two membrane samples were cast onte a moving belt of polyethylens coated paper
using 8 casting knife with » knife gap of 7 mils. Following casting, the nascent membranes were exposed to air
at 25-27°C and 70% relative humidity for different times, as shown in Table V. Thereafter, the membranes were

- 38 quer}ched in a water bath having a temperature of about 55°C. .

A TR, 8% e s mptme e oo
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menbr anes aval abl e, Menbranes 1 n accordance with the

I nvention are relatively thin. For exanple, internally isotropic nenbranes

30 in accordance with the invention can ggipyepared as thin as about
20.25 [err]m and preferahly_are fr o1l 5 to ___about 50 [err]m

I n thicknessyg Asymmetric
generally slightly thick
counterparts. For exanpl
60 and about 125
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concentrations, from 35
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EXAMPLE IV
Effect of Humidity and Exposure Time
In view of the difference in flow rate and pore size in the membranes prepared in accordance with Example
20 NI, we conducted the following experiments to determine the effects of humidity and exposure time.

We prepared s casting dope containing, by weight, 16% PVDF HYLAR-461, 8.0% water, 3.0% PVP K-17,
and 73% NMP as the solvent. Four membrane samples were cast onto a moving belt of polyathylens cuited paper
using a casting knife with a knife gap of 7 mils. Following casting, the nascent membranes were exposad to air
at 25-27°C and 70% or 100% relative humidity for various times, as shown in Table VI. Thereafter, the membranes

25 were quenched in a water bath having a tamperature of about 55°C.

After coagulation, the membranes were washed with deionized water and then treated with a 0.1% aqusous
HPC solution to make the membranes hydrophific, then air dried. The recovered membranes had thicknesses betwean
25 zm and 30 um. The membranes were tested for water permeability at 10-psid on a 47-mm dismeter disk. The
surfaces and cross-sections of the membranes wers examined by SEM.

30 The results of a representative membrane are presentad in Figures 3a-3c, which is a series of SEMs of the
membrane prepared in connection with Sample 4-c below. Figure 4a shows that, in cross-section, the membrane is
even more open than the membrane shown in connection with Example | {Figure 2a). Again, the membraiie has a
porous substructura that is substantially isotropic. However, the pores in the substructure are generally larger than

the pores in and adjacent to the microporous surface. The difference in pore sizes as between the miCcroporous
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2.0% PYP X-17, and 75.6% dimethylformamide (DMF) as the soivent. Two membrane samples were cast onto 2
moving belt of polyethylene coated paper using a casting knife with a knife gap of 7 mils. Following casting, the
nascent mmbrinas were exposed to air at 25-27°C and 100% ralative humidity for different times, as shown in
Table VIl. Thereafter, the membranes were quenched in 2 water bath having a temperature of about 60°C.

After coagulation, the membranes were washed with daionized water and then treated with a 0.1% aqueous

. HPC solution to maks the membranes hydrophilic, then air dried. All of the resulting membranes had thicknesses

of between 25 zm and 30 zm. The recovered membranes were tested for water parmeability at 10-psid on a




Further, with sul fone pol yner nmenbranes prepared in accordance with this
process we observe, in certain 30. I nstances, an apparent constriction
~in pore size distribution below the mcroporous skin. Such a structure

- woul d ' assist in explaining the tighter pores observed in poronetry
anal'yses, suchwasémr exanpl e, our observation of a PEHUSIMAL496
having a 1.0 [err] m maxi num pore size and O. 81s{.err] m nmean pore size. This
may be evi dence of a process of i nternal "skinning" akin to the
skin formation i 47.i Gaet disk Mgk sifbpni amntmatmsof tigumemhsanss vieesrexaminpdshy SEMS S The istrichusps

i s given P@H%&"P@?"’?E*‘ﬂ"’y St 2o d;?;bhaampce 1othide showlrif cum@ﬁion with BcdripBS! and 1v.

43.54, where it t pore structure occurs
~ when water perneat i onExpessrocoaditiossswater fiyxdatp.and pors sipss @te Stpwh ip 1'a""’t\ﬁ“ghtened skin,
which is formed by the water in the first instance. O,
alternatively, it is possible that while the menbranes in the isotropic
regi on appea® to be WO 97/ 261341———51- :
PCT/ US97/ 01496 ' T
-13- - i sotropic o ! Expmrpé*mh oWatert Fipwy éerfwnfw Busace Pere (Jor e
di stribution that accountfs fBr | heHme C _5'19 bubbl e
poi nt than one m ght ant| ' Hote 5[4 _
Menbranes i n accordance eseﬁlt Inve t|o er§1 ast
containing a quantity of W secan |ch srlc y 3| nonSol ve nt By
bal anci ng sol i ds concent rjati-on die :
synt hesi zed 5 hi ghl y Jporsaus ﬂnes thaas ha enimt : .
qualify themfor appli cat | ons 1 qunuﬂhg I trat h| n menbr aneg.
acconpanyi ngyg abl es and ™ D1 mpar | sons of 1 or nur. at i ons,
pore sizes and Omb&rwit&abﬁmsmmmms.s mﬂt@dm@mdltlons As mentioned, because
of the inproved strengths of the nenbranes-in accordance with the '
i nvention, the PVDF nenbranes can be synthesized as hi ghI y porous ultrathin
menbr anes, even wi thout fabric rei kQRsEWENt . However, past
experience has shown that PVDF is very arren‘a‘@'e—‘rb bei ng cast on fabrics,
If that 10 18 is deened necessary. gt pertpd Mepuane.i t h t he i nventi on,
we al so provide Certawapﬂﬁaﬁﬁ@Ed’sﬁﬁldob@dmﬂmglb?nemdsu PVDF mmnmrvtmmamu% OMF
- techni ques. nprove strength and h H_g a castinn knife with 8
characteristics GF%WaRE&W”FW‘ﬁV@hFﬂ“OW “rf’é'h‘m’ﬂ'r?é 'Q Y5t 0
knife gap of 7 mils. Following casting, the nascent membranes were exposed to air at 25-27°C and 100% selative
humidity for either 10 seconds or 60 seconds. Thereafter, the membranes were quenched in a water bath having
20 a temperaturs of about 60°C.
After cozgulation, the membranes were washed with deionized water and then treated with a 0.1% aqueous
HPC solution to make the membranes hydrophific, then air dried.
Tha recovered membranes were immersed into solutions of propylene carbonate containing 1-molar KOH {pH
approximately 14). Upon racnvaﬁ of the membranes from immersion, similar to the following Example, there was
25 no evidence of any deterioration or Joss of strength of the membranes. No significant change of tensils strength

and elongation was observed.

~ EXAMPLE VI

Tensile Strength and Elengation at Break
30 We prepared a casmg dopo containing, by weight, 15.4% PVDF HYLAR461, 7 4% water, and 77.2% DMF

as the solvent. Two membrane samplas were cast onto a moving belt of polyethylene coated paper using a castmu
knife with a knife gap of 7 mils. Following casting, the nascent membranes were exposed to sir at 25-27°C and
100% ralative humidity for either 10 seconds or 60 seconds. Thereafter, the membranes were quenched in a water
bath having a temperature of ahout 60°C. - '



| am nated with or to various fabrics. For exanple, suitable |am nation

mat eri al s i nclude woven and nonwoven materials, nelt blown
mat eri als, polyesters, and polyol efins. As exanples, polyester,
polypropylene nyl on, 15 pol yet hyl ene terephthal ate, and pol yet hyl ene

are anong manywoeIRensers useful as woven or nonwoven fabric spapPesotB1496
for the nenbranes of the invention. Choice g the particular |am nation
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hydroxyproh@cel | ul ose (HPC) A preferred HPC treat rrent Is to soak
the nmenbrane in a bath containing an aqueous HPC sol ution; the bath

may al so contain one or nore surfact antsg_mmr_u_luor in corrbi nati on with HPC.
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casting, the nascent membrane was exposed to ak at 25-27°C and 80% relative humidity for 25 seconds.
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Thereafter, the membrane was quenched in a water bath having a temperatura of about 58°C.

25 . After coagulation, the membrane was washed with dnirmized water and then treated with a 0.1% aquesus
HPC solution to make the membrane hydrophilic. Thereafter, the membrane was oven dried at ahout 70°C and
testad for water permeabilty at 10-psid on 2 47-mm diameter disk. The resulting membrane had @ thicknesses of
ghout 70 zm to 100 zm. The surface and cross-section of the membrane were examined by SEM. Figuras 4a and
4b show microporous surface and tross-sectional views of the membrane. As will be observed from the cross-

30 sectional view (Fig. 4a), the membrane possesses a graded pote structure from the microporous surface into and
| ' through a substantial portien of the substructure of the membrane. Such graded pore structurs shows classic
asymmetric structure wherein there is' a gradual increase in pore size from the microporous surface into the
substructurs of the membrane. '
' Water flux and pore size are shown in Table IX.
35



WD 97/ 26134
PCT/ US97/ 01496
. -14- cells of a battery, or to house an al kaline gel. This

application requires a highly porous ultrathin menbrane, about
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pore structure.
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casting tenperature, memhhﬁbletipmmmnms wished wittofsionized weter and dhemtostad mtltadJ Y¥uaqueokss

air, tenperatur re [ gl =Ty
exposed and them’E spgion 1"%“‘"' t Mﬂkﬂniﬁgﬂ%ngﬁs}% t“ﬁe"gf\%g% %'jrllﬁrf‘;% be nghﬁu
wi t hout a hydropmrmeabtuvponmron a 7-mapjdiamates disk; dMeap fipw pate pize | wapalpo %&wm@;mﬁa Coulter
a final concent r)ﬁnFohB T3 rdstif ﬁ’a&ﬂﬁnﬂa&(a ﬁfcknbk?ot%@m?éﬂ@b‘ﬁnn%ﬂ%ﬁmten havi ng at

| east 1% 2% or 5% of {‘ m x (by weight). 20

Because nany of the F”(FBF%FP(PP’&ﬁQ‘f‘d"WF“aTP'?%s in accordance with the

present invegti on possess high concentrations of polyner, and thus
have hi gh viscosities, fornmulations in accme with the invention are
wel | adapted to sp| nni ng _ni croporo | ow fibers. In one

enbodi nent of PVDF hol | ow [T.Der endr.anes I n_.accordance, ith the

i nvention, either air or étﬂtfh‘gd@ﬂ'“'&g W 5e°r %Nf%"ﬂ?ﬁ'b‘ dol vent or
ot her chem cals such as a nonsal \Mf Ls. used as.the luc#n fluid
and the outer surface is ¢ poped to var| o788 enV| rony nt s.sesmth ag§ humd
air, 25 #ry air, or otFe F ) F 11 a liquid,
such as water. The resuIt| ng nenbrane possesses tighter pores on
the outside of the membrane since the sol vVEH¥MEEX nonsol vent woul d ni grate
outward as the ext er nal em_wiumged i nward. W

have found that the yj COSI H\R’é t r
t he invention can be é HBW?‘ '4'1"3 %Ithf aﬁ&nﬁgﬁg%ﬁ? W IE“H“%W“ the only
nmenbr ane i ntact dlliminngemtm pdn»mulmt of the cnesafirane with HPC The water flow and membrane pore size were
30 identical to those given in Table [X. Howsver, the membrane required prewetting with a 50% aqueous solution of
isopropyl alcohol. Other prewetting solutions suitable for hydrophobic membranes of the invention include glycerine,

Zonyl, Triton, PVP, and HPC.



the humd air gap. 30 There are several sources of PVDF, and
It is available in several classes based on average nol ecul ar wei ght.
W have found HYLAR-461 (avail able from Ausinont Co. Morristown, NJ) and

KYNAR- 761 (avail abl e from At ochem Co, Phil adel phia, PA). to be

particul arly woistaélbe for casting the nmenbranes of the i nvenpePUse7/01496

Preferred menbranes in accordance with the igyention, and their process of

manufacture, wll now be described in accordance with the foll ow ng
- Exanpl es and with refer ence to the acconpgXaprExFi gures. 35 WO

I?’gl'lz 8%8;1 /01496 Preparation of internally Isutropic PVDF Membrane
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di aneter disk (st i oFPIDB! Tha Rbentibrétbrbih @inpio SHYUARMER XORAR 781, Br dGillshtlally siblia® Rdteria
Mean that has properties similar to those provided in the following Table XL

. JABLE XI '
n Property , HYLAR-261 KYNAR-761
20 Specific Bravity 1.75-1.77 1.78
Specific Volume 0.56-0.57 cclg 0.56 cclg
. Refractive Index 142 ) -’
Molting Point 311-320°F 352°F w
Mold Shrinkage 2:3% - i
25 Water Absorption 0.04% <0.04% (24h)
' " Tensile Strength at 4000-8000 psi at 77°F -
Yield | 2000-3000 psi at 212°F
Tensila Strangth at 4500-7500 psi at 77°F . 7800 psi
Braak - 2500-3500 pst at 212°F .
30 Thermal Conductivity 0.70-0.87 BTV 1.32 BTY r
infhr 112 °F infr ft2 °F
Specific Heat 0.30-0.34 BTU/Mb/°F 0.23 BTURb/°F
Melt Viscosity 25,500-30,000 poise at -
'J-= 100/sec and 450°F ’
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- readl observabl e when't he

flow pore sizes of the nenbranes were determned with a Coul ter poroneter,

arectron m eroscopy (oem | IR METAEADAIN o5 e oont o | FoeEE A BN l
menbrane ‘of Sanple 1-b is pfovfded d Figdres 2a-2c. As|wil|l BePLACED ved
t he as a

from the crossweevist¥al view of the nenbrane (Fig. 2a),
porous substructure that is substanti ay isotropic. However, the
pores in the substructure are generally |arger than the pores in and
_ gdj acent ) ) tvaﬂsecLMMEms:porous surface. The difference in pore sizes as
- between the m croporoys su A

o ol s SR ol eni, o iyt cmpors
- conpared W th theurBk\enypkisitglwinimum pores, an@prasite surfacs comgirising MAXRE PYFES; Qjﬂ a ghic "'“ ﬂ'mbﬂm‘“

IEfllOOSUf e condi ti QRShickied Grmprifidy 4 portR sPportdithledtRih Famdnofwey of pmvm:eh@ Tabl e

Sanpl e - Exposurel The meqbyans of claim 1, wheggin the pelyvigyfidene dlﬂuondgﬁ Fl¥lé%-@1
Surface 25 3. ¥ile mombrane of claihi TrEsbriNeTiofprisihg froni-laldWY 1% to about SO §y weight
Size ([err]m Pore_S|z§ Pore Size _
(open side) (ti (pyvindRypelgone. : 1-a ~ 8 seconds
- 377 - 4 The mambjrane of|claim 3, wherein the pDlyvinylpyeroiiddnerhas an average molecular weight of
. 100% -b 10 seconds 694 0. 85
20 [err]m (Fhest 45200 T‘H%‘“& 100%
- 1-c¢ 301&econds 5. The @@rhrane of claim 3, wherein, ttie polyvinylpyrrolidonpigps progverpge molecular weight gf
- [err]m about 8,000 daktons. 100% 1-d 20 seconds
94 NA 80% 30
1-e 120 seconds 6 The memhsene of claim 1, renderad hydegphilic by contacting §'B"‘T"@Wﬂ"1‘ﬂ‘ a wotting agent.
2.0 [err]m 7. The mamln'ane of clalm 8, ‘wherein the®efting agent compriséGijidevxyprdpylcliilost.] OW
units are n1/mn/95crr[er,r"L @ c&
: membrane of clalm , wherein the wetting agent comprises a surfactant.
18 R The membrane of claim 1, further comprising a supporting material iaminated thereto.
10. The membrane of claim 9, wherein the supporting material is a nonwaoven polymer fabric.
11.  The membrane of claim 1, wherein the membrane is @ hollow fiber.

12. The membrana of claim 1, the membrane having an integral asymmetric structure, the minimum -
pores of the microporous surface having a first average diameter, and the maximum pores of the opposite surface
20 having 2 second average diameier, wherein a ratio of the second average diamster to the first average diameter is

from about 5 to about 500.
13. The mnmbrane of claim 12, having a flow rate of water of from about 25 to about 500 cmimin
at 10 psid. .
14. The membrane of claim 12, wherein the thickness is less than about 140 tm.
%5 15.  The membrans of claim 14, wherein the thickness is less than-about 70 zm.

16. The membrane of claim 12, having a bubble point of water of frem about 0.5 to ahout 50 psid.
17. The membrane of claim 12, the porous support comprising 8 gradient of gradually increasing pore
sizes from the microporous surface to the opposite surface. '
_ 18 The membrane of claim 1. the membrane having an isotropic structure through at least about 80%
30 of the thickness of the membrane.
19.  The membrane of claim 18, wherein the thickness is less than about 75 zm.
20.  The membrana of claim 19, wherein the thickness is less than about 30 zm.
21. A method of preparing a polyvinylidene difluoride membrane comprising the steps of: -
providing 8 camnu dope comprising between about 12% and 20% by weight of polyvinylidene
< T dlﬂuonde and betwesn about 0% and 30% by weight of 2 hydrophilic polymer, disselved in a solvent;
- tasting the dope Mﬂf_@:

heet Has Been RTlaced
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- Effect of Hum dity and Sol W pr epqred aREPIAQ o’%«
contai ni ng, bwoeig, 16% PVDF HYLAR 461 8. 0% wat er, ﬁ%ﬁ%__
and 73% N-net hyl pyrrolidone (NWP) as the sol Two nenbrane sanples were

14

cast onto a noving belt of 5 pol yet hyl ege coat ed paper using a casting
~knife with a knife gap of theSthi ,,,J,:,Q‘Uf o ffRsdnk: N0, the nascent
" nmenbranes were exposed toexgtulmﬁH at "5- %rr %m' g {70%rel ative humdity for

~different tines, as showntopgylatingihp fimina waterbath; and Thereafter, the nenbranes
- were quenched in a water bﬁ?ﬁnuh%sﬂﬁmﬁpok%ﬂﬁﬁﬁﬁehﬂﬁbﬁﬁe pﬁhﬁ%mﬁmeetﬁi ek d;ar;[eﬁaving

After coagul ation, the rrerrbrar}es wer e washed dei oni zed water an
treated with a 0.1 9 S¥faenyssuriace “"'"'""'HP’E'E"“&'&P‘&% P'b'HP"E'B SPHARECFOPARENS FRaNmL poEeS, and 2
hydrophilic,5 then ai thickheds@hbrebetween, the AMcksEsCImpNENF LY RRGSsubportl fdnhibld G6M FRMETous webs of
bet ween 10 25 [ermhmm ‘LSO[err] m The nenbranes were tested for water
perneability at 10 pg Nea-47-mm di ameter di sk. The surfaces and
cross-sections of th&nenﬁnau@omm1mmﬁedhpmsSEMeraﬁEIVEhmﬁeestdnﬁ:m‘BUhﬁd&ﬁ\ﬁﬁ
denonstrated a ageo structures to those shown in Figures 2a -2c.
However, the crgssgdgnen %h?gﬁ%nkﬁ&% i ndi cated sonme macrovoi d

~formation. This fact & i nbedehedsl claim 21, Nwiwreinshe geseous isuiropmentchas el reltiecumiditytof iwater

PVDF as is {gVACyatideh BNBMQBK Briad b, pol ymer concentrations mn ght
remedy this problem 15 Exposure conditions, water flux data,
and pore sizes are s Bwn The mathod of-clajm 21, wherein the exposing step has a duration of sbout 2 seconds to about
TABLE |V 120 seconds. Sanpl e Exposure Wat er
E:J(r):‘Nace Por SU rST 3295 The pathnd n%nfl%ﬂ wherein the water hathl h[a)s a temperature between a/bt|)_:||ltJ %°glalt|
(open si de) (89°ght si de)

' 15 26. The method of claim 21, wherein the hydrophilic polymer comprises polyvinylpyrrolidone.

23. The method of claim 28, whersin the polyvinylpyrrolidons has an average molecular weight of
about 45,000 daltons.

28, The method of claim 21, comprising the additional step of contacting the formed membrane with
a wetting agent to render the membrane hydrophific.

20 29. The method of claim 28, wherein the wetting agent comprises hydtoxypmpylcel!ubsa

30. The method of claim 28, whersin the wetting agent comprises. a surfactant.

3. The method of claim 21, comprising the additional step of laminating to the formed membrans a
support material. ' '

32. The methed of claim 31, wherein the support material is @ nonwoven polymer fabric.

25 ' 33. An asymmetric integral microporous polyvnnylidene difluoride polymer membrane, the memhram
having a microporous surface comprising minimum pores, an opposite surface comprising maximum pores, and a
thickness thersbetween, the thickness comprising a porous suppbrt formad from filamentous webs of polymer
material, wherein the porous support comprises flow channels having diameters, and wherein the diameters of the
flow channels gradually increase along 2 gradient from the microporous surface to the opposite surface.

30 3. An internally isotropic microporous polyvinylidene difluoride polymer ﬁnmbrana, the membrane
having a microporous surface comprising minimum pores, the minimom pores having a first average diameter, an
opposite susface comprising maximum pores, the maximum pores having a second average diameter, and a thickness
therebetween, the thickness comprising a porous support formed from filamentous webs of polymer material, wherein
the porous support numpris& flow channels having diameters, and wherein the diamfers of the flow channels

35 substantially correspond to the first average diamater within a first region of the pofqus support, the first region of
the porous support heing adjacent the microporous surface, and wherein the diameters of the flow channels

A




20 ' 10 . seconds

5T 120 sevons ﬂllllllﬂlllllllll WU - cerrym

Note: water flow units aré nf/ntn/®. 5 cferr] @10 psid
EXAVPLE |||  WO9726134

Concentration In view of thegzpresence of macrovoids in the
. menbranes prepared in accordance with Exanple 11, we 30 conducted the
fol | owm ng exper susantially tooesphnd ©rthei ssrondtaleeagedidmetert withiod sgporid yegion of dhemorens supgorti thesecond

menbr ane structur.e. o ' W]

Dy v gt 20 PRS! Myt e o i R oG Sfld ol he UGS By Byl
NVP as the sol vbatween therstrenion mhﬁenwnm anlethecseqsndrenion ok e RRTOMURDRRY hayed subssantially
pol yet hyl ene coghagh RaRtf using a casting knife with a knife gap of
7 mls. Follow ng casting, the nascent nenbranes were exposed to air

at 25-27[erB] C and 7896 r eihepembraneof slaim 34 wheteip the frstrosiop ¢f Hhe perqusuBport reuniesgss fan about

Tabl e V. Ther eafsess thelthicknesot e pi&ss supRie 35 quenched in a wat er bat.h
havi ng a tenper ature of

PCT/ US97/ 01496 . a'Re mamb?a?a% claim 34, wherein the secnvpregmn n? tﬁe porous support occupies less than
-17- about 10% ofma‘ﬂlﬂnescnfalywbratslsnmn t he nenbranes were washed with
dei oni zed wat er and en 9

to make the nenbr aneg‘hy r oﬁ'&ﬁ “% hgvli"& {H'r e %EQHWWP aeeve m&"’frg'ng&éfﬁg Y

had t hi cknels es cogiprising an ozone resistant mlcmporuus polyvinykdene difluoride polymer membrane, the membrane shaving a

microporous surface comprising minimum pores, an opposite surface comprising maximum pores, and a thickness
therebetween, the thickness comprising a porous support formed irnm filamentous webs of polymer material

38. The improved filtering device of claim 37, wherein the ozone resistant membrane has a flow rate
of water of from about 25 to about 500 cm/min at 10 psid.

This Sheet Has Been Reﬂlaced




between 25 [err]mand 30 [err]m The nenbranes were tested for water

perneability at 10-psid on a 47-nmm di anet er di sk. The surfaces and
cross-sections of the nmenbranes were exam ned by SEM The nenbranes thus
pr epar ed 5 had a structure virtually identical to those shown in
connection with 5yﬂﬂ§£ and did not possess the macrovoids seen
in connection W?R I e ll. Exposure condi TTEHE 7086 o
flux data, and pore sizes are shown in Table V.
TABLE V 10 . Sanpl e Exposure Tlne/ Wat er Fl ow
Sur face Pore ur.f 2co Dacg — oL : Hum dity
Si ze giza ben si de)
(tight side) l ' i 297
3 [err]m ,
3-b 120 st [err]m
70% ¢ Y paid
EXANPLE IV ' Hum dity
and Exposure Ti fre | ow rate
Jﬁkanple 20

ek fects of

11, we conduct .
S agestd ng dope

hunrdlty and ex
cont ai ni ng, ! g&ﬁ,, K-17,

and 73% NWP as ety O T a2, ~;~~o a nmovi ng
belt of polyeth Ien ' ke DI A Q wi'th a
knife gap of 7 Is er e exposed
to air for various
tinmes, as shomn |n er e quenched
in a water bath!ha
After coagul ati én,
treated with aé 1 O T —

and pore size |E th
dt
o

er and then

‘A -

.
¢ e w de e

.
o~ - .
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HPC sol ution to make the nmenbranes hydrophilic, then air dried. The
recover ed menbranes had thi cknesses between 25 [err]mand 30[err]m
The menbranes were tested for water perneability at 10-psid on a 47-mm

di amet er disk. The surfaces and cross-sections of the menbranes were
exam ned by SEM 30 ~ The results of a representative nenbrane
are presented WP¥lMes 3a- 3c, which is a series of SEMs of PCR@IS97/01496
menbrane prepared in connection with Sanple 4-c bel ow. Figure 4a shows

that, in cross-section, the nenbrane is even nore open than the
menbr ane shown in connection with Exanple 1 (Figure 2a). Again, the

nmenbr ane has a porous substructure that is substantially isotropic.
However, the pores in the substructure are generally |arger than t he

pores in and adjacent to the m croporous surface. The d erence in pore
si zes-as between the m crof gl i ‘"’“ﬂﬁ&i :

PCT/ US97/ 01496 _
- 18- surface and
.when tthe SEM of the m crop

conditions, water flux dat 5
TABLE VI _ Fl ow
Surface Pore Surface Por§ Hum dity
Si ze Si ze

(open side) (tight sidg 10
seconds 66

70% '




4-b 120 seconds 344 4 [err]m 1.0 [err]m

70% 10 4-c 10 seconds 1690
20 [err]lm 2.0 [err]m 100%

- 4-d " 60 seconds 502 5 [err]m 2.0 [err]m
100% Note: water flow units are mMm/mn/9.5 cn2 @10 psid 15
A conparison ofW@A¥63Moperties of nenbrane 4-a with those of nErPIHO1496
shows the dramatic difference in the effect of 70% humi dity versus

100% hum dity at this tenperature. Likew se, a conparison of the properties
of the properties of nenbrane 4-a with those of nenbrane 4c denonstrates
that increased exposure tine can conpensat e sonewhat for the | ower
hum lity. However, menbrane 4-d showed a decreased flow rate and snaller
pore size on the open side of the nenbrane, as conpared with the nmenbrane
of Exanple 4-c. This denonstrates 20 that, at 100% hum dity, a nenbrane
may be overexposed, and that the interaction of relative humdity and

'~ exposure time is not synergistic in all cases.
. EXAMPLE V ' Ef f ect of
Sol vent 25 W prepared a casting dope containing, by weight,
- 13. 8% PVDF HYLAR 461, 6.9% gl ycerine, 1.7% water, 2. 0% PVP K. 17
and 75. 6% di net hyl for manmi de (DMF) as the solvent. Two menbrane sanples were
" cast onto a ¢S IVANAVa B 7Y= o ngl vet vl ene coat ed _paper using a

casting knife mnth al
nascent nenbranes
hum dity for dlffEre
~ menbranes were quencr
30 Af t erg e
. water and than tHeat.s
© menbranes hydrophlic
" thicknesses ! 3
menbranes were test ek

el ative
cafter, the
about 60C.

h dei oni zed.
o nake the
anes had

er ed

- A el m e e .

- e .
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-19- . 47-mm di aneter di sk. The surfaces and cross-sections of the
menlyr anes were exam ned by SEM The structures observed t hrough the
SEMs possessed“ﬁbgﬁiﬂjiar appearance to those shown in connection with
Exanpl es | and TV. Exposure conditions, water FEURSTRI4G
and pore sizes are shown in Table VII. 5
TABLE VI | . Sanpl e Exposure Tine/- Water Flow
Sur face Pore Sur face Pore ) _ 1D Hum dity
Si ze Size
(open side) (tight side) 5-a- 10
seconds 682 _ 5 [errlm 3 Jerr]m
100% - y —— 2 . ' 6
[err]m { 5 . 100% 10
Not e water fl owjuni .
EXAMPLE VI 15 | $1on of
Supported Menbrane B% ont ai ni ng,
by weight, 15.4% PVM }  ‘as the
sol vent. Two nepbr o Isupport

Wi ng

usi ng a castingj kni
casting, the nagca
relative I

B] C-and 100%

ff?jjﬂ;

" e
—

O ACCL

18w m

e W imew W e amata

. N . .. .
. .
TN S S e . e B o, B s o

-
[ .
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hum dity for either 10 seconds or 60 seconds. Thereafter, the nmenbranes

were quenched in a water bath having 20 a tenperature of about
60[err] C. _ After coagul ation, the nenbranes were washed
Wi th deionized water and then treated with a 0.1 % aqueous HPC

solution to mak nbranes hydrophilic, than air dried.
The recovered n&%%?@ﬁgg were i mersed into sol utions of propyléﬁEWEQWﬁHﬁhte

cont ai ning 1-nolar KOH (pH approxi mately 14). Upon recovery of the
. menbranes from.imersion, simlar to the foll ow ng Exanple, there was 25
. no evidence of any deterioration or loss of strength of the nmenbranes. No

' significant change of tensile strength and el ongati on was observed.

- EXAVPLE VI | ' Tensile Strength and
El engati on at Break 30 We prepared a casting dope contai ning,
by wei ght 15.4% PVDF HYLAR-461, 7.4% water, and 77.2% DVF as the
sol vent. Two nenbrane sanples were cast onto a noving belt of polyethyl ene
coat ed paper using a casting knife with a knife gap of 7 mls
Fol |l owi ng casting, the nascent nenbranes were exposed to air at 25-27[err]C
and 100% rel ative humdity for either 10 seconds or 60 seconds.

- Thereafter, the nenbranes were quenched in a water bath having a
tenperature of about GOC WO 97/ 26134 '
PCT/ US97/ 01496

20 .
dei oni zed water and
to make the nenbrane

5/7



approxi mately 14). Upon recovery of the nenbranes fromimrersion, there was

no evi dence of any deterioration 5 or loss of strength of the

menbr anes. hb substanti al change of tensile strength and el ongati on was
observed,” a shown in Table VIII

TABLE VI I | Exposure Ti ne Menbr ane

Tensile Strengt W°97EF’8ﬁgat ion at 10 ( PEY/§$97/01496
Thi ckness ([err]m (g/cnferr]) Break (%

1 | .30 725 77

7 30 700 65. 7

14 30 _ 748 69. 2

22 30 . 793 64 15

EXAMPLE VI 1| ' ’ | of
Asymretric PVD# Ve S asymetric
PVDF nenbrane friom g PVDF 20

45, 000), 23%
onto a
g with a knife

HYLAR- 461, 18. 5?6t-
wat er , and 59. 5%
novi ng belt of ?ol
gap of 12 mls. {Thegss
35 Cat all ti ‘
exposed to air at 28
Thereafter, theinmengs
of about 56[err]C 2}
washed with dei oni zJs
solution to maké thge
oven dried at apout &8
10-psid on a 47imm
of about§70- . PR , , B e R
t he menbrane wete R T v R O\
i croporous surface ' ' - OPEEER s il | be
observed fromthe d E mbr ane
possesses a graded pore ‘ g L : g.into and

t hrough a substanti al portlon of t he substructure of the menbrane. Such
graded pore structure shows cl assic asynnetrlc structure wherein
there is a gradual g e ' : v Qus surface into
t he subst ruch n

rane was
Nabl ity at
t hi cknesses

- e

NE e S W e e S @ o
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Water flux and pore size are shown in Table I X. 35 WO 97/ 26134
PCT/ US97/ 01496

-21- - - TABLE | X

Sanpl e Water flow (mM/mn/9.5 cnferr] @10 Menbrane Pore Size

| D sid 8

750 wogmensd > 9 0.45 [err]m5 PCT/USI01496
EXAMPLE 1 X _ . Preparati on of Asynmetric
PVDF Menbrane 10 We prepared a highly asymretri c PVDF nenbrane
froma casting dope containing, by weight, 14.6% PVDF HYLAR- 461, 18%
t-anyl al cohol, 4.8%PVP K-30, 2.3% water, and 60.3% DVF as the sol vent.

The sanpl e was cast onto a noving belt of polyethylene coated paper

using a casting knife mnth a knlfe gap of 9.5 n1|s Fol | owi ng
casti-ng, the nasg I Sy pEaviadranew| C and 100%
relative hun1d|ty B ane was
quenched in a watif g C. 15

[ Bsdcr and t hen
Menbr ane

Bd for water
ore size was

al so det erm ned

-,

mbecty Pmo e B e B o ww s o e

e,
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pdrorreter. The resul ti

m i.ckness of b ] Grbl;g ‘

75 [errlm . . ndl pore size are wnln Tale
20 , . 123AN B9
ISarrpl e \ater flow (m Amin/ 92510138 | )g3. 10 Menbrane I!ore Si ze Tt
b _ psild 7 :
769 0.667 [err]m2
WHAT IS CLAIMED iS:
EXAMPLE X ——— Preparati on of Hydrohobic

PVDF Menbrane 1. A microporous povinylideneatifleatide polypFmembrang; shecmembrarsy havipgya misropereus

- fornul ati on_and procedur.e of

bei ng no. poSat B py5s TaBisf Y coRippRipum vore. nd flicki fbotwen,

: m:(;rrbr ane pﬁth‘e thidkiess sempriding3® porous isupport focrmd from filhenwes gebwhpqlvmerTlamrel khe porous support
wever _ the merrbra ui red revvettl ng with a 50% aqueous sol ution of

i soprop9l aFUBrYE 2 '@?"a@' Q'f’ﬂ sol utions suitable for hydrophobic

negbL gges of t he2j nvemkd Mymbiaitcdf disid 10 Whezen the\golyvinylidene difluoiideriy/HYLAR-461 on, PYP,
an .

. PCT/ US97/ 01496 Thewn?en?bgng %} %éim 1, further comprising from about 1% to about 30%: by weight
. r2(2§p rat Onpt:l)yfvunYlpny{rgigurl]m. vl sotroni o PVDE EXAMPLE X
é b j C, - rane . .
prepared an intefnal | 3 6 ?‘Bequégwyﬁﬂ%%?a @"“ﬂ?ygﬁlldﬁ“’égss‘{"i qxgaqulbogm}fﬁ weight of
- fornul api onafogessi008 dditeds0 t hat of

5. The membrane of claim 3, wherein the polyvinylpyrrolidone has an average molecular weight of
about 9,000 daltons. ' _
6. The membrane of claim 1. rendered -hydrnphilic by contacting the membrane with a wetting agent.
7. The membrane of claim 6,' wherein the wetting agent comprises hydroxypropylcellulose.
15 8. The mémbrane of claim B, wherein the wetting agent comprises a surfactant.
8. The membrane of claim 1, further comprising a supporting material laminated thereto.

10. The membrane of claim 8, wherein the supporting material is a nonwoven polymer fabric.
11.  The membrane of claim 1, wherein the membrane is a hollow fiber.
12, The membrane of claim' 1, the membrane having an integral asymmetric structure, the minimum
20 pores of the microporous surface having a first average diameter, and the maximum pores of the opposite surface
having a second average diameter, wherein a ratio of the second average diameter to the first average diameter is
from about 5 to about 500. '
13. The membrane of claim 12, having a flow rate of water of from about 25 to aﬁnut 500 cm/min
at 10 psid.
T 25 14. The membrane of claim 12, wherein the thickness is less than about 140 zm.
15. The membrane of claim 14, wherein the thickness is less than about 70 zm.
16. The membrane of claim 12, having a bubble point of water of from about 0.5 to about 50 psid.
17. The membrane of claim 12, the porous support comprising a gradient of gradually increasing pore
sizes from the microporous surface to the opposite surface.
30 18. The membrane of claim 1, the membrane having an isotropic structure through at least about 80%
of the thickness of the niembrane.
19. The membrane of claim 18, whereiﬁ the thickness is less than about 75 ym.
20. The membrane of claim 19, wherein the thickness is less than about 30 zm.
21. A method of preparing a polyvinylidene difiucride membrane comprising the steps of:
35 prnviding-a casting dope cnmprisihg between about 12% and 20% by weight of polyvinylidene
__mﬂm,and between about 0% and 30% by weight of a hydrophilic polymer, dissoived in a solvent;

W oo T
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ExarrpIer‘H—r’b’T’c’{st t he penbrane Wil the terrperaturmw% % ' !{4‘9 t
ct -

above 35] shovxs the 5 menbrane in

Fi gures SB! Ls m croporous surface and the Lﬁ 19!9
respectiveky. c Ast wi | sbe observed from theggross- sectloﬁ&ﬁ/ (Fi g 3a)
t'he menbrane possesses a substantially constant pore structure in a

central region bet We € Basfin q%& o9&k dinacent to the m croporous surface
and an "opposite Skl n' region adj acent to the opposite surface of
the menbrane. This subxpesigthebip deeﬁgurmmasw@v@nmbture is a
preferred embodi ment gfaadidify tdYilf il & watér Befi®bdgOPi ¢ PVDF nenbrane of the

I nvention. 10 i

EXAMPLE X | recovering a formed microporous polyvinylidene difluoride polymsemenibeage, tife meprbrag-having
and KYNAR- 761 | ' e und
the brad name +ERPosg wigc comfhsRl i ite. B BlaRise s o F bl o, 6 o
avai | abl e under mhmebrm:bemnetli\fhms%dnpriﬂﬁuea pores estyiport formedt fraon filamentous webs of
cont enpl at es rre bﬁ X |alSt usi ng any 15 suitable form of PVDF. The

I nvention prefera "érlﬁ) oys HYLAR-461. KYNAR-761. or a substantially
simlar material22 The methodéf claims2 1 whepedr the dupe bds i tbaperatufe of bevween piootv2 19 dnd about

EI'R(I;L]ICEO lX: O 489¢ Iunng fhe Casting step.

Property HYLAR- 461
KYNAR- 61 20 23. The method of cl&GNEX)j vhereiitha \gadeyus envnronment has a reldtivé hunlidity /of water
1.78 bet bout 50% dwgemflc Vol une 0.56-0.57 cc/g
0.58 cc/g ‘erweenabout 50A an " Refractive |ndex 1.52
Melting Point 24, The methoBdf kiaiti2Dl WhirdiFthe exposing step has a duration of abodb2 be2trd} fo about
Mol d Shri nkag d 2.3% 25 - Wat er Absorption.
0. 04% seconds. < 0.04% (24h) Tensile
Strength at 42500- 6THaGnefhod ofcdlaim’ Z{, @ihbrbilr the water bath has a temperature between abodt 20°€ and
2000. 3900 Lc at 212[err]F Tensile Strength at
4500. 7 %@ at 77F _ 7800 psi
g)egk o : 262500‘fh3?gﬁ8d3g|7clam_r212 wBdréil th hydrsphilic polymer comprlise:sg golyéilqﬁmwl&ie.
t t . . .
i n?hlrjcf It \[/ Ier ¥] [ e‘;]r] = 'ﬂme method of cla%I #p rherejn [tgpr pn}yvi[:yéqy;n}lipne has an average molecular weight of
Speci fi c Hedsut 45,000 daltons.0. 30. 0. 34 BTU/ I b/ [err]F 0. 23
BTU/Ib/[err]F ' Melt Viscosity 25, 500. 30, 000
poi se at 28. The method of claim 21, comprising the additional Step of contacting the formed membrane with
20 a wetting agent to render the membrane hydrophilic.
28, The method of claim 28, wherein the wetting agent comprises hydroxypropylcellulose.
30. The method of claim 28, wherein the wetting agent comprises a surfactant.

. The method of claim 21, comprising the additiona! step of laminating to the formed membrane a
support material. _ '

-7 25 32. The method of claim 31, wherein the support material is a nonwoven polymer fabric.

33. An asymmetric integral microporous polyvinylidene difluoride polymer membrane, formed from a
solution or suspension comprising at least 12% polyvinylidene diflucride, the membrane having a microporous surface
comprising minimum pores, an opposite surface comprising maximum pores, and a thickness therebetween, the
thickness comprising a porous support formed from filamentous webs of polymer material, wherein the porous support

30 comprises flow channels having diameters, and wherein the diameters of the flow channels gradually increase along

a gradient from the microporous surface to the opposite surface.
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iOO/sec anﬂﬁﬂ@ﬁ“ﬂ" vinyl i dene‘(.tli.fl uori de pol ynemﬁ WLZE@’M() 6

merrbrane soporous o _ surface camzusg nilzldw

pores, an opposite surface conprising maxjgum pores, and ess
t her ebet ween, the t hi ckness conpri sing a porous support

formed fromfil FAENT OU4SintdReNG ns@fropﬂ%néfﬁﬁfousrﬁfyﬁﬁyhﬁﬁe difiudifie PO eMbHEHROfhe membrane
5 conmprising a substantially isotropic region.

2. Theving@rfRsrepqeusourface spraprising mipimymepores; the misisum \ppras, having: a dirsg) average diprapter; ap

mlr_fﬁeffsgo %%p;:?nse Is&gfgam%c crotg%qsln% magﬂnum pores, f[thg mg)gn(\)ulrjnt poreBhaInﬁa bERehR E'ﬁﬂiﬁe dmefet, 3hd™3 thikkness

pol yV| nyl pylrerebmwmn@ thickness comprising a porous support formed from ﬁkpmentous websvhplymgnm@plenhgfem N
claim g, V"%%rp%}oﬂs gugﬁnpﬁh%fKéfg%gp%sr{qﬂ% hﬂﬁd‘ﬁiaﬂ?a?s IR EFn AR dib e b e IOV e %nﬁels

of
The nenbr ambstentialiyl cairaspapd toythecfirssaveragh, @awr yﬂlnmg/flrpﬂyemnlol the pazouss auppaxta tha iest eegion of

nmol ecul ar YH%',BR n%QJegP'n ort be ing afijacent t{e mlcrn Q‘aﬁeg CTQ'P thgﬁll Ehgrlftmetars of tl[1e ﬁtbw tclig]agnels

6. The conta

nmenbr ane vvsubbtaialallvaiomsmd tigbasecond average dnameter wnthm a second region of the pérous support, thasecond
Eig?gi;gr 8];5 ceI tFlu‘? Oosug'g;%port bem& Qﬁiqg h% '05] site gtfiﬂge, gn(a%ergi?l e dlameta:ﬂqf thﬁél% Iclgﬂrgls
of cldbm 6bemkm rtigei firsttrégion \ok the Ipmgxsagmm anﬂdlmsacmda&glm afuthd mooig nupport have a substantially
9. tnflgra‘o ane of claim1, further conprising a supporting materi al
| am nat ed f%‘é ggmeter 10. The nenbrane of
claim9, wherei st he Thenpendrane i glainied,antiemin thedirstregianvivihe potoud suppontotcupiesdess than about

10% of the thickness of the porous support.
36. The membrane of claim 34, wherein the second region of the porous support occupies less than
15 about 10% of the thickness of the poroué support.

KYA An improved filtering device having 2 membrane for filtering aqueous solutions, characterized by
an ozone resistant microporous polyvinylidene difluoride polymer membrane, formed from a solution or suspension
comprising at least 12% polyvinylidene difluoride, the membrane having a microporous surface comprising minimum
pares, an apposite surface comprising maximum pofes, and a thickness therebetween, the thickness ‘comprising 2

20 porous support formed from filamentous webs of polymer material.

38. The improve_d filter of claim 37, wherein the ozone resistant membrane has a flow rate of water

of from about 25 to about 500 cmimin at 10 psid. '

25
CLADMS N {14300
[} ]
DCH-2055
30 011298
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11. The nenbrane of claim 1, wherein the nenbrane is a holl am$5’eﬁ.’:>=
W2, " The ‘'menbrane of claim1, the nenbrane having an integral asynmetYi
structure, the m ni num 20 pores of %he—m—%epeﬁous-smface

having a first average dianeter, and the maxi num p |te
surface havi ng a second aygrage M aratio
of the second average diameter to the Tirst averag

abo_ut 5to ab_WHATlSOLAIMED The menbr ane of
glt aim 12, having a1.f | OW {91%:503?'8’3 pt‘:’fyqnnﬁ dene dl@lor,\g’dg gt])ly?nlgnp mt;[mhranSe, 9 mS‘m %Hé ha?ggoa m%@m&

menbr ane of ckmhmdhansmghmmm pords) nﬁphﬁtCéﬁﬂ&S Compriing Raxiturh fures, adOitknek$ Rerbb@fwedn)the
15. The mepprane of. cl aim 14, erein the thickness is | ess than about
70 [err]m thickness comprising a porous ‘support forme i fllamentnqsh\gebisr@ yg_zpfem%qﬂalcrh&ippfpuigyppurt

havi ng a5bubbl;‘ﬁmmgmguh@;m.wfs@,rgmmgmi,rom about 0.5 to about 50 psid.
17. The menbrane of claim 12, the porous support conprisi q%‘a gr adi ent

of gradually incre 4sin g lrg(g}e@hrane of claim 1, wherein the polyvinylidepa-diflugride)ip HYLARA4GY o opor ous

surface to the oppgsiteTgUnindffe of claim 1, furtRerOcomprising from about 1% ta JdBout 30% hyT\p it
menbrane of claim 1, the nenbrane having an isotropic structure through a

least about SEpiinyipyrrolidone. of the thickness of the nenbrane.

19. The nmenbrage of gl RmbrankSs clmgrﬁie inttlﬂ%ulgv?\klﬁylﬁmﬁﬁ:g hdsSin laﬁ?aﬁe M@ﬂar%ﬂlﬂtof

75 [err]m rane o
wher ei n1fhe t plioutiéhB88Mlaltogs. | ess t han about 30 [err]m A method of preparing a

22' yvinylidene difguorigg rﬁgﬁlﬂ?gﬁeaui]g?lrg \?{T\Blfehag't%q:glg@%yﬁrgﬁ@ggﬂ an averaFe molem&ar weight of

bet ween about ath@H0EM &M% by wei ght of pol yvi nyl i dene
difluoride and bet geen %R%&brgn%oﬁﬂﬂl §8r@gyhy%hlﬂ% nu%(act‘ﬁﬁ‘%lt@%/ lgeﬁngg?ewéth an tgllxg%éga%{ '

di ssolved in a sol vent;

formathinfilm 7 The membrane of claim 6, wherein the wetting agent comprises hydroxypropyleellulose.
15 8. The membrane of claim 6, wherein the watting agent comprises a surfactant. l
9. The membrane of claim 1, further comprising a supporting material laminated thereto.
10. The membrane of claim 9, wherein the supporting material is a nonwoven polymer fabric.
1. The membrane of claim 1, wherein the membrane is a hollow fiber.

12. The membrane of claim 1, the membrane having an integral asymmetric structure, the minimum
20 pores of the microporous surface having a first average diameter, and the maximum pores of the opposite surface

having a second average diameter, wherein a ratio of the second average diameter to the first average diameter is from

about 5 to about 500.
13. The membrane of claim 12, having a flow rate of water of from about 25 to about 500 cm/min at
10 psid.
25 14, The membrane of claim 12, wherein the thickness is less than about 140 um.
15. The membrane of claim 14, wherein the thickness is fess than about 70 am.
16. The membrane of claim 12, having a bubble point of water of from about 0.5 to about 50 psid.
17. The membrane of claim 12, the porous support comprising a gradient of gradually increasing pore

sizes from the microporaus surface.ta the apposite surface.
30 18.  The membrane of claim 1, the membrane having an isotropic structure through at least about 80%

of the thickness of the membrane.

19. The membrane of claim 18, wherein the thickness is less than about 75 ym.
20. The membrane of claim 19, wherein the thickness is less than about 30 um.
; A method of preparing a polyvinylidene difluoride membrane comprising the steps of:
REPLACEMENT SHEET |

14 JUL 1999




exposing the thin filmto a humd gaseous environment; 5

c¢oagulating the filmin a water bath; and

recovering a formed m croporous polyvinylidene dif mmlm’"m""m?wmisﬂbrane
t he nmenbrane havi ng a. m croporous serraces conprl Si ng

m ni mum pores, an opposite surface conprising nmaxi num.pores, and a
t hi ckness therebetween, the thickness Comaa sing a porous support fornmed

fromfilanmentous webs of ) .. - polymer material. 10

22. The met hod of REvidings cesting Wppe cemprising fhetwepn geouth 2% and 20%rpiweight) pfcpolyvinylidene
bet ween about 21 RbMAkken about 0 f

23. The net ho“ij1 oif'd gl al m abo m’/?]%"r" g?%%@tgas@&ﬁ’g c@%@?gfﬁgﬁgﬂt sﬁmant

relative hunmidity of vaa;tmthedopetofonnathlmt:jmveen about 50% and 100% _
24. The net hod of g%a . ne. l.ng step has a duration of
about 2 seconds to abo%éoml %%mmea hﬁﬁ@@e%@r?@ﬁ&ﬂm' 25.
The nethiod of cl ai m 2lcoagulting the fiminteavatesliathy anbbat h has a terrperature bet ween
about 20 C and 80 C.

Aher i n t he. hydr oph | i BSOS AP CSBTLE P eon I O P e bt aving
27. The neth Cnimaﬂpomilsawnﬁce? Eompistng midimtm hd’nﬁ FMhposife l%yffaﬁbyd’nlhﬁﬂslhgjﬁﬁhuh PbresRbnd a
aver age nnlecula bout 45, 000 dal .t ons.

S 0% e ot ks Deehyesn the hsipese STRGHN POt AoRPDc oo igentous webs o

contacting the fqpkmameedbrane with a wetting agent to render the
menbr ane hydrophilic. The net hod of clai m 28,
wherei}P t he wetti4lg agBRmetosohisie 2% wherip @9(91’5? b3, temagratyse ¢f batween about 21C and about
30. The SmthEthQEasﬁrJg%ﬁn 28, wherein the wetting agent conprises a
surfactant. 31. The met hod of claim 21, conprising
the additional st@p of The MHIekATi i 2lo Wisiein the, g3sens eRUFPATEE has 4 rplatiye humidity of water
support mat eféuRén about 50% and 100%. 32. The met hod of claim 31,

wherein the support material is a nonwoven polyner fabric.

33. An asymred i c Thamethadat claim 2y wistin dha sxnesisy Wuhmﬂ duraion ef abgut 7 s9epnds deabout 120
pol ymey g n‘%&%, formed froma sol ution or suspension

conprising at” east 12% pol yvi nylidene difluoride, the nenbrane having a
m croporous surfa2he  Themethed of clamb2ipwiiersin the watenbathbaye tempesasure betweenabest 20 Geand 80 C.

surface conprising MaXyHEhAQF din AR @%@hﬁ?@&m&?ﬁ{ ﬁ{}?é yrm[)JilEa 30

thi ckness conprisihg a porous suppor

pol yner materi al ZMher'ﬁnmeﬂlhdeofpbmoZﬁs wheraithe golyvinylpyrrolidone has aroavpragesmlacutaf weight of
channel s havjn ésjdoﬁ Lers, and wherein the dianeters of the flow channels
gradual I'y i n%?"gg\ g‘? ng a gradient fromthe mcroporous surface
to thempposi te si8 f acthe method of claim 21, comprising the additional step of contacting the formed membrane with a

wetting agent to render the membrane hydraphilic.

29. The method of claim 28, wherein the wetting agent comprises hydroxypropylcellulose.

30. The method of claim 28, wherein the wetting agent comprises a sun‘aciant.

3. The method of claim 21, comprising the additional step of laminating to the formed membrane a

25 support material,

32. The method of claim 31, wherein the support material is 3 nonwoven palymer fabric.

33. An asymmetric integral microporous polyvinylidene difluoride polymer membrane, formed from a
solution or suspension comprising at least 12% polyvinylidene difluoride, the membrane having a microporous surface
comprising minimum pores, an opposite surface comprising maximum pores, and a thickness therebetween, the

30 thickness comprising a porous support formed from filamentous webs of palymer material, wherein the porous support
comprises flow channels having diameters, and wherein the diameters of the flaw channels gradually increase along a

gradient from the microporous surface to the opposite surface.
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25 _ ) 34. An internally |sotr00|c i croporous
ponV|nyI|dene di fluoride polymer nmenbrane, the nenbr

a m croporous surface conprising mnimum pores, fummMWMEElm:w ng a
first average di aneter, an opposite sur Xi mum
pores, the maxi mum pores having a second average di dmefert dnd *a thi ckness
t her ebet ween, the thickness conprising a porous support . forrred from
filament ous webs of pol yner naterial, wher28n 5 the porous support
conprises flow chﬁnnelf havi ng di arret er's, and wherein the dianeters of the
fl ow channel s n intgrpalk fsatmlp Anicrooreus, polyaiayidspe diflueride pelyner mesmbrapey dhe pwbrane
di ameter W tyiify Pmibrbgosdis Juﬂ&b Qo'hpﬁkfng tfd‘}ﬁluﬁ%rﬁ’y&e %ﬂﬂﬂﬂ abres Hallfy 4 firke> er{g?%r?ﬂer, a&
t he porous support being adj-acent the m croporous sur

wherein the Qﬂﬂ%ﬁéﬂ'@ﬁ@“mﬂs'ﬂwmﬂaW@Mhﬂn BOUES Baviama sesdnll guerage diameter, and a thu:kness
por ous. supparreoe e WeRacy Bingiy Aol finhd o im0 WS WHARY pitel i
adj acerfi t hetheopsypuss suprertcomifrises dlow harinelstheving | diametére auli mluehahasdnanﬁtetshetlfelfbw channels
channel s bet or QuUsS t and .the
second r egi O-‘»ﬁﬁ‘%ﬂ 'at%g"%%ﬁdgthg‘}gﬁt T "'?%“5{/‘*@‘3{5‘?53?‘ {1 ?f tg f’m"sé'i?ﬁqﬁﬁﬁﬁmdﬁgﬁwtﬂﬁr
35. The poneysisupaertheind adjacent the Mppomhnesnr@m artd Iwherém thesdiameterg iofothe fiafy chaiis Reb6tantially
support occ the thickness of th
porous s uppg?ﬂ{egp%n(i {3 1 sgclalﬁnavé%ﬁg ltﬁmteter wglgn a second :m ﬂ&%l}mélﬁ Suppprt, @f ?ﬂ’?‘?& rgion o? the

wher ei n t he psrewsaupflort teing aijacenf thd dpposifeQlrtaceS and Whdpdithe dRAGLHDIf AR flbve Sifannkl Rbveen the first
about ]DO%of the‘t’hcneso t he poro )

s J _ﬁé.suplﬁort. 15 . . 37
An i mprbved "THOR Pidhe PATEUS SRgqriand thesrond region afthapp é"pF%‘rha“I‘*FF‘{bﬁ?'i"ﬂ'@c%ﬁﬂ‘é@i%te'
sol utions, char aaiserl Zmdmbv)hraatﬂof claim 34, wherein thé < Poion of Eb Bdrad§ fuppiit GRS fef2 Wi about
pol yvinyl i deraﬁ ?Ilh | de. pol yner rrenbrane formed froma solution or
suspensi on of thethck nesgg,f,ﬁﬁ,pprg STYPAE | east 12% pol yvinylidene difluoride,
the menbrane haviggg a Th: mbikirmé GFERinSIA! Wibfeh tRQB0aRd réfiod oF 8 fbkold4bport occupies less than
pores, an opposite surface conprising nmaxi num pores, and a thickness
t her ebet weerd! “fWé"‘lthFﬂ‘!GH@%@f@WPﬁsﬁﬂﬂﬁg a : porous support forned
from fid ament ous gebs ﬂlflmﬂ?@&ﬁmrng &Wit:e%v)hrﬁlamen%rage for fitering aqueous solutjons, §|§ra terized by ahne
i nproved filter of claim erein the ozone resis e has
fl ow rate ofozaigresistansfmicroporous polyvinyfdens reifludside. polymey meo\brmototmeﬁmm @nduhmm lmsusmsmn
psi d.

comprising at least 12% polyvinylidene difluoride, the membrane having a microporous surface comprising minimum
pores, an oppasite surface comprising maximum pores, and a thickness therebetween, the thickness comprising a
porous support formed from filamentous webs of polymer material.

20 38. The improved filter of claim 37, wherein the ozone resistant membrane has a flow rate of water of

from about 25 to about 500 ¢cm/min at 10 psid.
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