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TI TLE: MEMBRANE POST TREATMENT 5 FIELD OF THE

wOMMENIZ @ The invention relates to conpositi opsafshes/000922
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nmet hods for the hydrophilisation of nenbranes,
particularly hollow fibre nmenbranes for use in
mcrofiltration and ultrafiltration. The invention

al so relates to nenbranes prepated in accordance wth
10 these net hods. BACKGROUND ART The fol |l ow ng

di scussion is not to be construed as an admi ssion with

r eJaLE: MEMBRAND FUST TRELTRENOW edge. Synthetic
menbranes are used for a variety of applications
i ncludi ng 15 desalination, gas separation, filtration

anfgf %#%Wf erties of the nenbranes vary
depen%hrég Sathe rmor ol os..of t he g{ﬁﬂ%&ane i.e. .. .
properties ?dg‘ﬁr%%e%{}rﬁ‘?ﬁ’cp g*,tm Yidamethedsdfon g hydrophifisation of
and the polyneric material used to formthe nmenbrane.
DitperRhrangs. partigilarie Bollownfibie merabranesrfosysedn hiicrofiltration and
separation processes, including mcrofiltration,
uluitrafilirhtiorat Therineention alse relsteoRNmMembrandd srepdred i @bbi@Bnce with
and ultrafiltration are 20 pressure driven processes
amsksahtididst | ngui shed by the size of the particle or

nol ecul e that the nenbrane is capable of retaining or

p I@%Rpﬂﬁf)q{ﬁ tration can renove very fine
colloidal particles in the mcroneter and sub

m cro er. range.., As a general rule, mcrofiltration

can fil BFOIB’XFR$ diseussignhngtso be ¢onstiipdasansadmission with regard to
ultrafiltration can retain particles as snall as
otleerunen gematal kpowledgeer se Osnpsi s operates on an even
smaller 25 scale. As the size of the particles to be

separ aSesthethcmendRses 4rb sddfora Shddy 6f ap?ﬁ%atidﬁ% Eﬁbﬁ@&iﬁ%

nmust decrease and the pressure required to carry ou

t B&aBRANAEL QB dr IS fiftfation 2fld Qﬁfﬁﬁb e'fhe‘z}g)rggenies of the membranes
vary depending on the inorphology of the membranc i.e. properties such as symmetry,
pore shape and pore size and the polymeric material used to form the membrane.

Different membranes can be used for specific separation processes, including

microfiltration, ultrafiltration and reverse osmosis.- Microfiltration and ultrafiltration are
pressure driven processes and are distinguished by the size of the particle or molecule
that the membrane is capable of retaining or passing. Microfiltration can remove very
fine colloidal particles in the micrometer and sub micrometer range. As a general rule,
microfiltration can filter particles down to 0.1pum, whereas ultrafiltration can retain
particles as small as 0.01um and smaller. Reverse Osmosis operates on an even smaller
scale.

As the size of the particles to be separated decreases, the pore size of the

membrane must decrease and the pressure required to carry out the separation increases.
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area i s needed when a large filtrate flow is required.
wonesiopmm  techni que to nmake filtration apparpebausiige0922

conpact is to forma nenbrane in the shape of a

hol | ow porous fibre. Mdul es of such fibres can be

made with an extrenely large surface area per unit

vol une. 5 M croporous synthetic2nmenbranes are

parti culAdatge saifhdeaddbLis nOéded heh 10t lilivate FlbWiSfeq@it®d. One known
are produced by phase inversion. In this process, at

%91!1& Pkat] lagﬂérﬁﬁlg leed célﬂ?é'w hsqg F?&?rpﬁ hi%tnﬁzrane in the shape

SO| ve a sulta VI scosi t e solution

. __The poly can b t a
5 roryﬁﬁrqﬁsw nofolsdfbPe R o el e B i ol ety taree
bath such as water. This causes separation of the
hcﬁﬁﬁg‘éﬂrﬁ%B@fr‘:‘@lty’ﬁéﬁn@lo solution into a solid polymer
and |iquid sol vent phase. The precipitated pol yner
5fornms aMicpapoontss sghihetid membeanes ae paniguhrlgatitabldk fodfuse in hollow
uni form pores. Production paraneters that affect the

NEREADR a3é préahictiyhdsdinOfsioh! BSthidyrhewds, aft Rastile eris

concentration, the” "precipitation nedia and

ﬁdﬁgﬁfv%& 5 y%‘ijoﬁrﬂl 'fPe‘zﬂlE‘&q(ﬁ 45 e%pa/es{f%:?giﬂgom 3518 1011 18 C'Tlchlevezd

uc .ropor ous nenbranes th_ 15 a rge range
o?ﬂﬁ rfgfyn?r Fhbe easkas m’@&f ﬂﬁﬁaan gt immersed in a
altering chemcal, thernal and mechani cal properties.
Mpeeciitation bathﬁasleas water. Jhiscansasisepangdnaféhplomegrubeusipplymer
well suited to the application of renoval of viruses

10 ardlukbias i adolidholgher indiefuidiol V@it Bh&B8EThe préciphisttd p¥lymer forms a
fibre contains the | argest nmenbrane area per unit

b:fJLJi'UIE streQufe |c%htaﬁﬁ§§5 P&Wgﬂf S‘f\ﬁﬁfoﬁ{lgopds E’?&cﬁl@n&? parameters that

i nging a polyner uti on consi s
oIvent i nto cont

o afhithd MefrbRie stoetie tod e andtidnalt bblyfios poncenteation, the

the coaqul ati on bath and the precipitating solution
wibreciptafipn snedia) and dempraatyresandsthe amovnst o€ polyenyiand nopselvent in the
of time, the exchange of the non-solvent and sol vent

haslypiepealaten Theb fichat cirie: woiledté prodicomitesporous membranes with
t hernrodynam cal | y unstabl e and 28 Decenber 2006 WO

15 ZQQQJgQ %E(l, of E&I é\s@% 024 0.1 to 20um), and altering chemical, thermal

and mechanical properties.

Microporous phase inversion membranes are particularly well suited to the
application of removal of vimees and bacteria. Of all types of membranes, the hollow
fibre contains the largest membrane area per unit volume,

20 Flat sheet membranes are prepared by bringing a polymer solution consisting of
at least one polymer and solvent into contact with a coagulation bath. The solvent
diffuses outwards into the coagulation bath and the precipitating solution will diffuse
into the cast film. After a given period of time, the exchange of the non-solvent and

solvent has proceeded such that the solution becomes thermodynamically unstable and



3 de-mxing occurs. Finally a flat sheet is obtai Bsd.')ecemberzooé
W th an asymmetric or symetric structure.

wolgoismprabi ¢ surfaces are defined as "water hapéRau@ddonozz

hydrophilic surfaces as "water |oving". Many of the

pol yners used in the manufacture of porous nenbranes

are 5 hydrophobic polyners. Water can be forced

t hrough a hydrophobi ¢ nenbrane, 3but usual |y only under

v edeyminigh opoues SHinally(dl 841-sBed ipatitdinedvivith naaganmeyker symmetric
damaged at such pressures and under these

cigtridtilsé.ances generally do not becone wetted evenly.

Hydr ophobi ¢ m croporous nenbranes are characteri sed by

their ' i i 0G tibil.i.t

| ow swal 1 ob ebie SBEELR dbGRUSL ERER: plle AR R dPplidortaces as
Thus en ,used in ter filtration applications,
nydrisEaRe . iy e bkmarsisedia (B4 gianbieivks eGoprays membranes ar

"wet out" to allow water perneation. Sone hydrophilic

5 nvydraphphic pelymenst Water carbbeforesd thriougloé hydrophdbinmendrane, but
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ultrafiltrati on nenbranes that require nechani cal

s tuseailyt dnlpnotier retyrigh sressid (159-390 E@i?. BRirfbrar® hes HeRfimaged at
present in the polymer can play the role of

e g s A BS540 104 BB e cvenly.
B v ROsEBE b Bl Imempisb aft piat i oy BB exeltent

Po| y(et hyl ene-ch| orotrifl uoroethylene) (Halar) is

a ﬁh%/r%’é’f“h%?’ﬁ%‘f?ﬂ BWM@%!OWMW@M sepagation performance.
menbrane polyneric material. Poly(vinylidene fluoride)

( AUDF)when uaed mrmvater flaton appicatidng niedraphobizinémbrafesied to be
crystalline phase and an anor phous phase. The

C hydiophilisétEorhas ButP LM Ge SvalP BEmidABENBS om S hﬁﬁb{)ﬁﬂibf materials are
whi | st the anor phous phase adds sone flexibility to

t : . 0] : r,.0f desirable .
B R0 O By RS e B3 i
thermal resistance,. reasonabl e chem cal resistance (to

o Sterieg sk hergadl 5GP SRy sy woleck IR pigennh i e @plmer tan play the
hypochlorite), and weather (UV) resistance. 28

Dede pbplestiodeyes. WO 2005/ 002712 PCT/ AU2004/ 000922 4

Currently, poly(tetrafluoroethylene) (PTFE), Polyethylene (PE), Polypropylene
(PP) and poly(vinylidepe fluoride) (PVDF) are the most pdpular and a‘;railabie
hydrophobic membrane materials.  Poly(ethylene-chlorotriflucroethylene) (Halar) is
another hydrophobic material showing promise as a membrane polymeric material.

Poly(vinylidene fluoride) (PVDF) is a semi-crystalline polyme; containing a
crystalline phase and an amorphous phase. The crystalline phase provides good thermal
stability whilst the amorphous phase adds some flexibility to the membrane. PVDF
exhibits a number of desirable characteristics for membrane applications, including
thermal resistance, reasonable chemical resistance (to a range of corrosive chemicals,

including sodium hypochlorite), and weather (UV) resistance.



Wil e PVDF has to date proven to be one of the nosg December 2006

desirable options from anong those materials suitable
woaoosmiogrigpor ous nmenbr anes, the search conti nugsy/A®koo4/000922

menbrane materials which will provide better chemni cal

stability and performance while retaining the desired

physi cal properties required to allow the nenbranes to

be formed 5 and worked in an appropriate nanner.

G ven While VDI InB b date @rdven i Bgomy eiik¢ fosisdesirable options from

hydr ophobi ¢ nmenbranes and their favourabl e nechanical

a%ﬂﬁgﬁ%é&%m@ﬁ:ﬁ? §ufifabfSfor ﬁ’ﬁ"cr&‘%r{:)%sarﬁeﬁuﬂl%n% el @arch continues for

f.am ty in the 1ndustry such materials, one

OG0 R BB SR R b B D B A frence v
nodi fi_cati on of the to hydrophobi c/ hydrophilic, bal ance
ofretaiping i icsirrd physigalipprpertigseqiited do BHowHhe mempignes to be formed
menbrane property are (i) to nodify the starting

5 mend iwaaks] inrapagpropsaemamedi ti ons used to produce the
menbrane or (ii) to nodify the nenbrane after

pr odudiven tHel68 nich®r¥Bining pfephics aF hfttl‘t&plﬁfbié MembYdhes and their
approaches are al so possible, for exanple, introducing

A RRRRI ockfpaf aERLAMT phdefids 3 U Ahe Pierf hfarity i the

WARURE eth T BaHai el 6P PP R CpeRganes 5 10 synthesise
| NVENTI ON The present applicants have found that, in
c engrahrangshased arpend a iydrephobist nejyraerbat yith modifRationef the
used to nodify, and in particular, reduce, the

10 hydmpholiichivilippbilic belahéd of theempeinme Tabtwo Mairbimadesof modifying
The PVME can be incorporated either by neans of post

U msahsrand r,og%i‘f}g?r@;i%@yﬁﬁﬁy E‘i&%tfﬂf?ﬁé A4tebibR! 2 SBRRDS AR Sitions used to

in a soluti VE, or I ncorporating PVME I nto

the do solution for fornping the nmenbrane. FEithe

- iin S e BatbiaRte’ Gl i Romih e airate SR Pindpefipt toost treamen)
reaction types, including different types of ] )
néremtipations gt the dwo ppprgachen gieialrornossiblgotor gegmplp)iprpducing

Pol y(et hyl ene 25 chlorotrifluoroethylene) (Halar) and
PebyppnayyineneinemBRne wiiciDdowndey n@Cilér méob2ne Fufk®idd 112t which
PCT/ AU2004/ 000922 5

15 do interact with reagents subsequently applied to produce a membrane with a modified

property.
DESCRIPTION OF THE INVENTION

The present applicants have found that, in certain cases, Poly (VinylMethylEther)
(PVME) can be used to modify, and in particular, reduce, the hydrophobicity of certain

20  hydrophobic membranes. The PVME can be incorporated either by means of post-

treatment, such as by soaking hollow-fibre membranes in a' solution of PVME, or by
incorporating PVME into the dope solution for forming the membrane. Either approach
could be demonstrated for a variety of reaction types, including different types of
membranes such as Poly(vinylidene fluoride) (PVDF), Poly(ethylene-

25 chlorotrifluoroethylene) (Halar) and Poly(propylene) (PP).
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Hal ar nmenbranes hydrophilic, although the treatnent

woaesaosnz usef ul on PP nmenbranes. PVME as a nepgran®4/000922
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additive was found to induce variations in the pore
structure of PVDF such as asymmetry, as well as to

i npart hydrophilicity to the final 5 nenbrane. This

was apparent for both TIPS and Bl PS net hods of maki ng

a menbrRVIRE asAgodsgehtmentoias fodMo rmale® VIDE @) 8k &e snofthranes
onlythe polynmeric formof the product, but also the

"q{iﬁﬂﬁ)hilfc E@l{dﬂ[gﬁfthé HeASTRAE Ao u@@fﬁﬂ)ﬂPr‘ 'n%ﬂ}%éayl
et her,

as di -, tr|-, and ol |gorrer|c or ns.

SUMVAR Accord t he j.nvent,i on

provi des’ & polyher ’fégﬁf“f‘%@" ﬁ‘H"&‘f {1?% e figtions in the pore
menbr ane incorporating PVVME. The polyneric ultra or

nispeirg QEEYTE suchas asyrametryssy wWeblcasto spparbhydropiliciygo die final
PVME or, alternatively include a honbgeneous

d im@nlvmh@ Thisf wid\dyipateht fou §bih RIPS laed PAPY methods obotaking Bheembrane.
pol ymeric menbrane may include a heterogeneous

di sper Aike@ hefRiMYBVMB alsh efictahjies nbEonlOth¥ FBlymekid formt of the

anot her aspect, the invention provides a hydrophilic

I

POSLTEL o ARy e %nﬁe‘i’l‘?#‘l‘i‘ﬁ BB OBl Ok e cther, s
proyj des a.h hilic meri c nmenbrane having a
hi"bq“"f s%ﬂ%‘?‘{& ogeng ‘Ei'i‘ preferably fornmed from
one or nore of Halar, 20 PVDF or PP. Preferably the

s a reduced pore size as a result of the
addition of PVME. Preferably also, the nenbrane is
subst amidcatding toracirsf aspeot,the invemticisprovidess polstieyic ulthcor
menbrane according to the present invention contains
C S illtkAHoAMménYYane thospBRARE PWEC?HE %é?ﬂleﬁ@ uftﬁeor mlcroﬁltratlon
present invention may incorporate 2 Cenber WO
PR0SL00RT1E POTIARODaL 00096, e a0 B S 1Y omogencon

Cross- jlnked
dispersion of PVME throughout the polymer or both.

The polymeric membrane may include a heterogeneous dispersion of PVME
throughout the polymer.

In another aspect, the invention provides a hydrophilic polymeric membrane
including one or more of Halar, PVDF or PP.

In yet another aspect, the invention provides a hydrophilic polymeric membrane
having a highly asymmetric structure, preferably formed from one or more of Halar,
PVDF or PP,

Preferably the membrane has a reduced pore size as a result of the addition of
PVME. Preferably also, the membrane is substantially free from macrovoids.

Preferably, the membrane according to the present invention contains cross

linked PVME. The membrane according to the present invention may incorporate



wi th enbedded PVME. Preferably the polyneric ultra2gPecember 2006
mcrofiltrati on nenbranes of the present invention

woansavyiVDF and PVME in a ratio of 0.1:24 top@yﬁUid@‘;/OOngz

24, nore preferably ina 5 ratio of 0.5:18 to 1:
and even nore preferably in a ratio of 0.4:13 to
2.3:13. The polyneric ultra or mcrofiltration
menbranes preferably contain 0.4 to 30 w%PVME. In

ONRsGEEPEVIVEN hnd ERbated PYMEE huiPwRéreiH 4066rbbd PVME ¥tross-linked
menbr anes of the present invention on soaking for 8

h%‘fﬂ? %é&gﬁ%get ectabl e quantity of PVME, or for 10

exanp on soakirng for 48 hours produces a | eachat e

havi ng at m PVI Pr ef ab ophobi c

ol yoreteEibey e SROReEiF YA oragt hEiGE, o e present
rendered hydrophilic b ontactln t he nmenbrane wth )
arinegption gentain BVI2E and PKMI@) ina ragig 0 851 : 3. Snjor 34, sore preferably in a
concentration 0.05 to 5 % Mre preferably, the

5 pahtydref 0.6:181t 1 £ 3Gind entrCmofd prefetiblyin aratibofddd 3ave.3:13.

rendered hydrophilic by contacting the nenbrane with
an 15 ?p%gﬁ’n% lﬁﬁﬁ Qpﬁ’ihdr&ﬁlﬁ'gﬁéﬁ m@RbPne VML) Box‘?fam 0 410 30
concentra to 5 w% at a pressure’ of O.
/O Accordl ng to a second aspect, the |nvent| on
pr“étv ‘é met hod of hydrophilising a menbrane
prepared froma p neric material, said, nmethod
i ncl udilngne ﬁ‘@b%‘i@}?ﬂép‘ﬂ%ﬁf’ 41453 qrgnigratitrasion membsanes of the present
material with a conpatible at |east partially water
s ohwdntien 20 spaklingver B hohssgropiee hidsiepigblagantity Bf EVAMBainfor
the at least partially water soluble polyneric

10 hyesthplel bi SdaRthgBEMS hors prodlistdadedchatd MadidR U leastfsppin PVME.
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| east 5-1Qg/| at standard tenperature and pressure.
Prefer
po| ym??%% ohGs B ERhe B, it P hRErodBh Byqmirancs are
nonone re pr.eferabl t he, pol
m l}yfigqnﬁiél mtq%gng gg r?%n%/ gr;ed(jqﬂﬁgg ﬁ%eogf frglcoholic solution
(PVI\/E) 28 Decenber 2006 WD 2005/002712

PGf PXIYEB 4thGo@asentmtion AS5Ho byrits: i Moreyntefspbily, ithd pedymeric ultra or
agent may be a copol yner containing vinyl nethyl
microfiltration membranes are rendered hydrophilic by contacting the membrane with an

aqueous or alcoholic solution of PVME with a concentration of 0.05 to 5 wt%, at a
pressure of 0.5 to 50 bar.

According to a second aspect, the invention provides a method of hydrophilising
a membrane prepared from a polymeric material, said method including the step of
contacting said polymeric material with a compatible at least partially water soluble
polymeric hydrophilising agent.

Preferably, the at least partially water soluble polymeric hydrophilising agent is
soluble in an amount of at least 5-10g/l at standard temperature and pressure.
Preferably, the at least partially water soluble polymeric hydrophilising agent contains
vinylmethyl ether monomers. More preferably, the polymeric hydrophilising agent is

polyvinylmethyl ether (PVME).
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preferred that the vinylnethyl ether nononer is

wores®ei7zie n an anount of at | east 50 nol e% of f)@ﬁAUZQ[Mmoogzz
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polymeric hydrophilising agent. 5 If a co nononer is

used, it is preferred if the co-nononer is selected

fromthe group consisting of. co-polynerisable

acryl ate nononers and co- pol yrmefi sabl e vi nyl

nononerkhe poilymeerjsrhyderphiiising dgket may boncomiyme coataddig dinylmethyl
fromthe group consisting of: vinyl acetate, acrylic

actithr nivmbhir alCatleéaRi Sne SRS mERINNAC 104k Picferred th?ﬂ the vinylmethyl
net hacryl ate, ethyl 1o acrylate, ethyl rmethacryl ate,

j j : (o ' 5 f ri.c
e lofohfy Rk éhent AR hfouREY oy 1ARERARDRA o he bifF Rt
n?ln%esfﬁrs of leic acid, diesters maleic acid,

di DM IESEE Y nal ei ¢ anhydride, esters of adipic

acid (divinyl adipate), ethylenically unsaturated - '
car box aha ereBIopereeis 4agds it)is prefamed dfihe apinyonomeaissekicted from the
carbo-nitriles (acrylonitrile), ethylenically
ugenipoasistihgseft éwpolymarisabie 4cyylagnsoHoh@f hdaelsblymdBsable vinyl
According to a third aspect the invention provides a
ma{daegherf nodi fying the hydrophobic/ hydrophilic

bal ance of a pol yner nenbrane prepared froma

pol yneg {,.al,. said nmethod.incl]udi the step of =
cont ac M 0%8 P%?%rg‘;‘&o hvrﬁ? FPENQIGT 47 pelgetss) '!tgﬂn e group Conslsting of: vinyl

pol yvi nyl net hyl ether (PVME) to produce a nodified .
BB ekl metoy aerntey msthy mRagsiajereHylonethessy laiseethyl
is coated with PVYME. 20 The nenbrane nmay be in the

f enrpiatsf ethil methaerlate; methiaorylicecidy faneriomcid, monoesters of fumaric acid
mcrofiltration nenbrane In one preferred enbodi nent,

t fiestpelof Mahintc 408d, RdlEt atid, BohodfcPPATaRAIEicREIY AR Sters3Reic acid,
hydr ophobi ¢/ hydrophi | i ¢ bal ance of the polymer 1Is

AR g AR BIRP i a5 adiBert] B enicaty
PR BB RSy e -

pol y(et hyl ene-chl orotrifluoroethylene) (Halar) and
p@PVSQﬁW%Q)J hynically) unsaturstec sulfenic acids (vinylsulfoni_c acid).

According to a third aspect the invention provides a method of modifying the

3

hydrophobic/hydrophilic balance of a polymer membrane prepared from a polymeric
material, said method including the step of contacting said polymeric material with
polyvinylmethyi ether (PVME) to produce a modified polymeric membrane,

Preferably the polymeric membrane is coated with PVME.

The membrane may be in the form of an ultrafiltration membrane or a
microfiltration membrane

In one preferred embodiment, the polymeric material is a hydrophobic polymer
and hydrophobic/hydrophilic balance of the polymer is modified to provide a hydrophilic

modified polymeric membrane.
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pol y(et hyl ene-chlorotrifluoroethylene) (Halar) are

woaddsioorhar |y preferred. 5 The pol ymeric mat erp@t/agBd4/000922
be a fornmed nenbrane treated with a solution of PVME.
Preferably, the polyneric material is treated with a
solution of PVWME at a concentration and for a tine
sufficient to allow PVME saturadi on of said nmenbrane

to takwrprefeened, the@dynrkimitetd iepalodingidtne ﬂinmde) (PVDF),
polymeric material is post treated by soaking in

% g)agbﬂr}gleﬁé @%{Pﬁnﬂﬂorﬁftﬁﬁleﬂé) (HaBrAR etaphgr(glegﬁgﬁé)r@ﬁ) or mixtures

e 10 ri'c mat'er oSt ‘treate

oraiERt by SO'%H@@A?"Q% a prtSienec i iigugmpethyien)

10% nore preferably less than 5% and even nore

priBelerase partisalarly pegtersh, however it is preferred that

the ~concentration of PVME is greater then 0.1% A
5range dthepolymaibmateridmdythe afoimedmefnbranedreated with 4 slution of
preferred that treatnent with PVME takes place for

betwigen Peefeiablif 8% pmdner;eﬁnheﬂﬁzss &t &f WItRAlsYlutisH 6APVME at a
treatment with a sol'ution of PVME is followed by a

r 'cgﬁéerﬂ tlgrli ﬁgier%)} gtﬁn%%ﬁ?mﬁ‘g Pcp MP}% BVMFE sal aﬁgn Pf said membrane to

alterna Ive e neric na

ﬁﬁpﬁ%@wa% Beep VNF dﬁ@%ﬁ@?@ﬁ&“ﬁﬂ PVNE f"a&aét trrated by

20 be cast via a thermally induced phase separation
psodargingr saiyticn ofiFIYMEiin athanelu e angthes peefersehembadimant, the
process. Preferably, the nenbrane dope includes PVME

10 | PoBmcitahdttridl Ps padt tredted Wnsoaking id bBSuHbR 6EBYMBin water
enpl oyed, or higher if a D PS process is used.

Prlﬁg ?F@Prlré’d th%ﬂﬁe E’Bﬂ\é’ént'ré‘non%f W ?éjll\e/% P@%}’%Eﬁ Iglrefera}l]aly less

ope vent / non-sol vent n1x ure re prefera

ey RNt U S R SR T S

PCT/ AU2004/ 000922 9 Preferably, the PVME sol vent
p&ercenFationRiHYb) ia greatpr thep 0. 1zanpl e,
glyceroltriacteate. Preferably, the PVME non-sol vent
I s stranghye pbl ar 5% fiopardodadt greferred.

15 It is preferred that treatment with PYME takes place for between 5 minutes and
16 hours. Preferably, such treatment with a solution of PVME is followed by a rinsing
stage to remove unbound PVME.

In an alternative embodiment, the polymeric material is treated with PVME by
means of adding PVME to a membrane dope prior to casting. The membrane dope may

20 be cast via a thermally induced phase separation process or by a diffusion induced phase
separation process.

Preferably, the membrane dope includes PVME in an amount up to 1wt% when a
TIPS process is employed, or higher if a DIPS process is used. Preferably, the PVME is
dissolved in a polymer dope/solvent/non-solvent mixture. More preferably, the

25 sclvent/non-solvent mixture includes a PVME solvent and PVME non-solvent
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or mxtures thereof. Preferably, the solvent m xture

wOonelsudea2f rom 40- 60% non-sol vent. 5 Pref erabl yoriab®04/000022

sol vent m xture includes PVME in an anmount of
0.1-2wt % and nore preferably in an anmount of
0.7-lwt% Preferably, when the nethod of casting is a
TIPS process, it further includ®s treatment with a
coat i ngPrsfekakily, alfe PWIMB solvesit pasesdsey wedkypolarity Alon sxanple,
solvent and a non- solvent. \Wen a DI PS process is

UShitberdiiridefeatd! Ph&fabH), ¥h|éng1\Pf'E HhlyglveNt & eﬁet)ﬁggg Bolas fdlexample,

present as a solvent, and water is presen

nop-salvent . Th esent jnvention. al so.provi,des
nebdee Bheqt, RIS Ehont, B barlisT of M e
dope and {ormed into a nenbrane, and V\,heruei n said
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of very lowtoxicity, as are the starting vinyl nethyl
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hydr ophi |'i si ng ot herwi se hydrophobic PP, PVDF and

Hal ar ik [ : .
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RS 0 S P B e R orane s e
soaking .the nenmpranes in a 25 solution of PVME in a

s treatgs Mathdty MEnfor exynple thgwgembrage fidrrsteddp orpssdink incorporated and
preferably at a 28 Decenber 2006 WD 2005/002712
PadyosthddFOVIMED 00 pefdrfed rhethed ofipresstlimkirtghiap-b@armhvitrdiatRiDF

and Hal ar nenbranes in particul ar denonstrate | ong

t er m spyE irdadilpicidds-BMREuRRSRAASSrORIE eleBRoS WahfCR y-radiation and
al t hough PVME al so appears to .

is of very low toxicity, as are the starting vinyl methyl ether monomer and its
degradation products. This makes it a suitable candidate for many applications requiring
biocompatibility. Further, despite already possessing a low toxicity, the starting vinyl
ether monomer is readily hydrolysed at pH 7 or below and so can be readily removed,
reducing even further any risk of membrane contamin.ation by residual monomer.

PVME was surprisingly found to be effective at hydrophilising otherwise
hydrophobic PP, PVDF and Halar membranes either by soaking the membrane as a post
treatment or by including the PVME as a hydrophilising agent incorporated in the
membrane dope. Hydrophilisation can be achieved either by soaking the membranes in a

solution of PVME in a suitable solvent, for example, ethanol or water, preferably at a
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m ni mal | eaching of PVME fromthe nenbranes after 1
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hydrophilic after 5 this period of tinme. Including
PVME into the dope via a TIPS process was al so
successful in inparting hydrophilicity to the
menbranes. The proportion of PVME in the dope was
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dependent upon the amount of non-solvent in the dope.
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significantly altered the base PVDF nenbrane structure
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perneability menbrane with good virus/dextran
r ebasspivent. in2ie dORE Ifthd pfdpedionenfimonselycntaused was lowdrdlran 60wi% a
nodi fied, for exanple, by irradiation wth electrons
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thls is 25 present in the nenbrane matrix. 28 Decenber

2 hgéropldicity bthe oremitzanRCT/ AU2004/ 000922 11 PVDF and
fluoropolyners with a simlar structure (e.g. PVC

PVF, amyNERIGId absochelsncomssiuity inoopoptedsiatiethe dope via a DIPS process.

cross-linking upon irradiation with el ectrons or

Y -AAfd1P4 {ABifying the hydrophilic/hydrophobic balance, the presence of PVME
significantly altered the base PVDF membrane structure and suppressed the formation of
macrovoids. In the case of the DIPS process, it was found desirable to employ higher
concentrations of PVDF as well as higher concentrations of PVME to achieve a high
permeability membrane with good virus/dextran retention.

PVME modified membranes can be further modified, for example, by irradiation
with electrons (e-beam). PVME is cross-linkable and under irradiation will cross-link on
the membrane surface. Irradiation can be applied either to membranes that have been
post-treated in PVME or to membranes that have had PVME included in the dope.

PVME may, under appropriate conditions, also cross-link with PVDF when this is

present in the membrane matrix.
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Those skilled in the art will appreciate that whe 28 December2006
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hydr ophi i sing agent in the dope nay al so be
post-treated with additional cridss-I|inkable agent
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t he dope) and subsequently exposed to e-beam Thi s
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5 witebausg theoe i3@obmbility dfichiinesoisyipn (degradatidwdl | eved t hat
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PP nenbranes were all tested. For the Halar )
merasslinkable agentito Kosg-hink with the embedsiad PYAME afgent, reducing the
(ultrafiltration) nenbranes were tested. The general
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menbranes was as follows: 28 Decenber 2006 WO

2005/ OQ@ &ifie géﬁ%%g%gse%%a 1%}?'8% I%Ewa?ﬁ@?fglgﬁ@gmﬁg PVME

soaked a PVMVE (Lut on
R ATET MR RE S
ﬁg{ﬁ%?gl%gt ;,ggpqpslﬁg ?pegblearl]ltl ?UKSUQnM&x?ﬁoui %sh?r?gr t?) be-ll-arc].)?md by theory, it
1s believed that this allows adsorbed PVME to cross-link with embedded PVME and be
anchored to the surface of the membrane, reducing the opportunity for the PVME to be
desorbed from the surface and dissolve into solution.
EXAMPLES
POST TREATMENT STUDIES
The post-treatment of a variety of membranes with a cross-linkable
hydrophilising agent was investigated. PVDF, Halar and PP membranes were all tested.
For the Halar membranes, both MF (microfiltration) and UF (ultrafiltration) membranes
were tested.

The general procedure for treating the pre-prepared PP and PVDF membranes

was as follows:
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nehibsLsducldlycraldtadel 9ords wHich &€ @Resknit 28 birelll of the method of
hydrophilic 25 fibres (capillary action) but not in
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Wi th t Hal ar.fi bres
arf?lg%v yaw?tﬁrs@rtlgap“%%e glycerol in the pores. TABLE
1

The membrane was then soaked in a PVME (Lutonal M40) solution with,

solvent, concentration and soaking time as specified. The membrane was subsequently
removed from the PVME solution and placed into wash water for 4hrs. The membrane
was then dried for about 4hrs before being resoaked in an aqueous solution of 20wt%
glycerol for 16 hr to reload the pores. The membrane was then dried for 24 hr and the
permeability of the standard untreated and treated membranes was tested. -

‘All fibres were treated as described, with various concentratiqns of PYME and
for varying lengths of time. Tables 1 — 3 below give the results from each variation of
each fibre tested.

Wicking is said to have occurred occurs if a solution of dye is spontaneously
absorbed into a fibre that is partially submerged vertically in such a solution and travels
upwards above the solution meniscus. This can clearly be seen in strongly hydrophilic

fibres (capillary action) but not in hydrophobic fibres. Wicking tests were not conducted




PVDF - Wcking and Perneability results Fibre Type 3
PVDE PVDF PVDE PVDF PVDE ME ME ME ME ME Sol ut on 25 Décember 2006
watbevok7i3wt % | w % 0. 5wt % O. |t % Detai |l s wet P¥iMauRMYBooo22

PVME PVME i n Et hanol
Treatment 5 mn 5 mn 16 hr
Extension (% Fibre w cking? No Yes Yes Yes

79 79 79 -

No Perneability after

P\ivith theciddlarefitires, labbh baificial ReGR®&Rid drisy asb k@l bE 8 didédol in the

65C wat er soak (LMH bar)

PVDF i s made
Di fferent

1635 1551 No fl ux
ds in Table 1 denonstrate that
hydrophilic by PVYME post-treatnent.
rations of PVMVE (0- 3wt 9
estigated. The concentration of PVME in

r

wer KBRS

in Wat er
16 hr

in Wat er

16 hr

in Water

Ti me Break 77

1632 1968 1521 1494 No fl ux

i n water

sol ution_appears uninportant provided it
er Wik andd epmeability 2gsults PCT/ AU2004/ 000922 14

or in et

is 28

5 The

hanol

above a certain critical value, which is believed to
beFibdediype 0. 1% | TIRATDF wpulRVRPpear PMDF bel | PMDE PVDF
Qenefit in using nore than 0.5% PVME. It]| is postyl ated
tihat this maybe dapenfentygpipon thepki brie dggsity in
tthe solution, ¢r in otper words| the ratijo of availl abl e
I rbr-ame—surfag g O LIF siot t;b,lll, stace——— 1PV
i ?@&rféoé’r bing t )?ﬁ?’oﬁenbrja“ﬁéj Twt% 0.5w1% 0.Twt%
Details wet PVME PVYME PVME PVME
in Ethanol | in Water in Water in Water
Treatment 5 min 5 min 16 hr 16 hr 16 hr
Time
Break 77 79 79 79 -
Extension (%)
Fibre wicking? No Yes Yes Yes No
Permeability after 1632 1966 1521 1494 No flux
PVME treatment
(LMH/bar)
Permeability after 1632 1442 1635 1551 No flux
65°C water soak
(LMH/bar)

The results in Table 1 demonstrate that PVDF is made hydrophilic by PVME
post-treatment, Different concentrations of PVME (0-3wt%) in water or in ethanol were

investigated. The concentration of PVME in solution appears unimportant provided it is




5 surface there is a mninmum PVME quantity in sol ub@hcember 2006
required to obtain a totally hydrophilic nenbrane

woundsaogriz There will sinply be no room on the peyRUME000922
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surface for any excess PVME to adsorb and as a

consequence w Il be washed out of the nenbrane upon
filtration. If too little PVME js added, the surface

may not be conpletely hydrophi 1 ¥ which 10 may in
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W cking and Perneability results Fibre Type PP PP PP

PRo bisfittld-bdvefita usBe) miébrcalank). %FOrMEWIO s Ipoeétibabdihhtdhis may be
Details wet PVME PVME PVME in Ethanol in Water in
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_ 272 .No
tin U L OB 720 AR s Dl e
5

2005/ 002712 PCT/ AU2004/ 000922 15 The results in Table

2 SUHBRH therats PPusginhBY Mk quanjity i9;salutice regingd tookiping totally

by w cking (see colum 2 of Table 2) but the

p dydwoahilicimgmbranosirfacabBhere mall sinipiypbe nb rddneon gHeanetabdne surface
untreated PP nmenbrane fibre. It appears fromthese

I dotdryextdsa PVIMEE té Adseftagid 81 @hsegReetWinBYMashsd SR the
the 5 sane as the interaction between PVDF and PVME.

Wnidntbthne ool fiatich, be bound by

If too little PVME is added, the surface may not be completely hydrophilic which
may in turn affect complexing and linking.
TABLE 2

PP — Wicking and Permeability results

Fibre Type PP PP PP PP
MF MF MF MF
Solution Ethanol Iwt% 1wt% 0.5wt%
Details wet PVME PVME | PVME
in Ethanol in Water in Water
Treatment Time 5 min 5 min 16 hr 1 6hr
Fibre Wicking? No Yes No No
Permeability 2726 1339 | No flux No flux
(LMH/bar)
Retreated 2726 | 1442 No flux No flux
Permeability
(LMH/bar)




theory, it is postulated that the PVME is nore

strongly attracted to the PVDF surface that is 28 Decomber 2006
wel2oggokzpol ar, rather than the PP surface whpctraimyi/000922
be considered entirely non-polar. It seens that this
affinity may be the effect that is dom nating rather

than that PVME is sinply attracted to a hydrophobic

surface in preference over sol Ufion in water. to TABLE
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slightly 5 higher apﬁgr.ent pernmeability, since
gIsirerly gftracted ip g Bydiophehic suréice in prefasense pugrotolutionrin water.
water. Halar has a mldly polar structure not

10 dI¥BIE Bar to PVDF and the affinity

Halar — Wicking and Permeability results

Fibre Type Halar | Halar Halar Halar
MF MF UF UF
Solution Ethanol 2wt% Ethanol 2wt%
Details wet PVME wet PVME
in Water in Water
Treatment | 5 min 16 hr 5 min 16 hr
Length
Permeability 2039 1620 527 289
(LMH/bar)

The permeability of Halar is slightly reduced as a result of PYME treatment.
Generally perrﬁeability measurements for Halar MF fibre range between 1500-

15 2000LMH/bar, with Halar UF membranes varying between 200-600LMH/bar.
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conpared to the standards on the basis of this

exam najy idkihglg:-ﬁh Q1edfly be b&ndA Fsﬂox?é?ﬁ_ﬁﬁ%’rgﬁ)llﬁﬁc ﬁi{){)e‘é gcabﬁlary action) but

i ncrease in PVME concentration 1nit Y,
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high rate but this reduces over time until eventually a stable solution concentration is

achieved.

Leaching tests were conducted by soaking the fibres in reverse osmosis (RO}
water for 240hrs. The leach water was refreshed every 24 hours (the wash water being
replaced a total of 9 times) and an aliquot was analysed by UV-Vis absorption and
compared against a PVME calibration curve. The results above show that there is an
immediate decline in the detection of PVME which this occurs for both wet and dry
standards as well as for all samples. The biggest decline comes from the samples soaked
in PVME, while of these samples the fibres soaked in 1wt% ethanolic PVME have the
lowest starting concentration. The general trend appears to be that some PVME leaches
out immediately but after approximately 48hrs there is no significant change in the

PVME level in the wash water compared to the standard. As described above however,
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TREATMENT Description Perneability Perneability %

10 Betmpee dfyt resid @i aoiyentHrdma tiwl membiaeel ‘Bhiamay-exjladPwBgthe PVDF

15

20

-36.2 PVDF | wt % PVME i n Ethanol - 1442 855 -40.7
P\éehnpledtabpdal Mrridein YAIME 1cath Qénc%ﬁ&atiozl%r%ave a slightly higher steady-

state value rather than the ethanol-wet sample. However, it is also possible that the
PVME may bind more firmly to the Halar surface rather than the PVDF surface, from an
aqueous solution.

The permeabilities of a number of membranes before and after PVME treatment
are shown in Table 4.

In order to test the permeability after leaching, the fibres were removed from the
RO water and dried at room temperature. The standard (non-treated) fibres were wet
with ethanol prior to testing the permeability, while the treated fibres were simply tested
with water, The results for permeability show that the fibres are still hydrophiiic after
this period of leaching, but that the permeabilities have dropped noticeably. Thisis a
relatively uniform drop however and is between 40-55% across all samples including the

standards, with the exception of the samples soaked in 1wt% aqueous PVME.
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pupgol or 1,4-butanedijol. For Halar, PYME was sinply
di ssolved in GTA PVI\rE is highly solulpl e in GTA but

LW%BF’WF%E@H@#IZ-nE”quCST"Z #2. 4 but dnedi o ©% 407

Because this mxture s between 40- 60wt % non-sol vent,
Fe was a maxi num dnount of PVME that coul d be

di ssolved into the sol{vent/non-solvent |m xture

[WPPPYME iDWawr% . However, rsobranes flormed 392 h thig -79.8

proportion of PVME gae SEMs that suggested sone

B¢ppi Xi ng of PVDF was joccurring. Thus, [in nost

circunstances, it is {envisaged that a|sub-saturation

DS Bl T VM esTT ey et o 741 51.9

PVDF

lwt% PVME in Water — 138 74 -46.4

Halar

*Since the dry blank was NOT to be treated with ethanol (including wetting out), it was
assumed that the permeabilities for the two standard samples are identical, since they are
5 obtained from the same source.

Soaking PVDF fibre membranes in PVME did not appear to modify the
mechanical properties of any of the samples in any way. Treated membranes
demonstrated the same break extensions as untreated samples.

DOPE ADDITION STUDIES

10 TIPS Membranes

PVME was added to standard TIPS PVDF or TIPS Halar dope in proportions
varying from 0 to I1wt%. The TIPS extrusion was operated in a continuous process

(although there is nothing to prohibit its use in batch processes if desired). For PVDF,



10 Menbranes were prepared with concentrations as

proportion of the dope m xture of 0.1-0.2wt % and 28 DecemberZOOG
wohedsvooprioperti es tested. There was no i ndi cat pofyalubID000922

any of the experinents of any thermal instability of

PVME during extrusion of the menbranes. Table 5 bel ow

shows the details of the different TIPS nenbranes. 28
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TABUHESwhEdiédollvad Ghto The S 1 MpVBRARE Serlt ERAREDF @ Ahdd\difthylene
IN DOPE 0.1wt%0.2wm % 0. 5wt % | wt % 0. 5wt % | wt % PVME

s GBI b Yoo oL Bath EVUE e Sl dissolved n
901...90 - 10715-, 0.Kyn .
ﬁ}; #"Q‘ﬁ%ﬁ'@h’fg%ge in 4T S RiR P i o0 g iropamppnds fike
- GTA - GTA GTA. Non-sol vent
D@@thyl%%glmlemym ghycel 41| ledrbunedioly | ene gl ycol
gl ycol glycol glycol Solv./Non-solv. 40:60 40: 60

545: 55 4Becalsetbid ri@fure Was barweort 49-6@otit nog-s@obniethiere was a maximum
Triacetin Citroflex 2 Triacetin Triacetin GIA GIA

Cogfdund oﬂ’VfMB/ihﬁf&uﬁ b@&lBééJl\%ﬂ lﬁottﬁeédleew%o@ssﬁvayﬂ Iﬁﬁﬁue (approx.
- Non-solvent dycol e Aycol dycol Coating 68:

45{)?\?1:‘%0 H%Qveégr, ﬁ-lgm%%e} Po%necf'%t\ﬁ tf]jlél%POpso%é/n oMM% éa% ﬁMs that

suggested some de-mixing of PVDF was occurring. Thus, in most circumstances, it is
envisaged that a sub-saturation level of PYME was required.

10 Membranes were prepared with concentrations as a proportion of the dope
mixture of 0.1-0.2wt% and their properties tested. There was no indication from any of
the experiments of any thermal instability of PVME during extrusion of the membranes.

Table 5 below shows the details of the different TIPS membranes.




Quench Type Water Water PEG 200 Water Water Water

Break Extension 152 228 35 - 156 173 (% Break 5,120 December 2006
wW0.208/0288 - 5.94 5.59 Force/unit area (N nMYZpct/aU2004/000922

Pernmeability 4838 1440 301 - 1367 707 WH baz Bubbl e

Poi nt 250 390 460 - 450 200 (kPa) Fibre W cking

Partially Yes Yes Yes - The di fferences between the

structures of the nenbranes, as2lobserved by SEM for

t NEABAEDS BETWILS OFHPRIMAMBR ANKE PREP ARKEY WITHPVIME IN DOPE

0.1 and 0.2wt % These can 5 be seen in Figures 2 and
3 ST gntTy I argRkol nano_@\msoage 1% TIC T 05wi% 1 1wi%
rs] ructure can e_e? T&M 3‘ § th EVME’T
S i bi|l é@gﬁent i ’gg)r*é ‘Halar | Halar
die- mi xi ng ocaﬁoqfdm% plRE10N5\ Soiedvel |t his de-ni%Ing | 901
hfas beconme nofe emp= I n the| t&de- of [PVDF, thils is
most  likely ddélto theKynhgidtfr pKemarids0 jof non-sdl vent
UsPslymer t he dope mixtufed4to extfadle the 268 Decenljers 18
2006nceMiEitR054002712 PLT/ AU2004f 000922 21 nenbr gne
{:I(Q}’t%ﬁ ‘I n .t h¢ case of HaI ar, Whl ch can Wbe seen i n
| c .4, UCTII 1 S I I I t\ UUC l IIIII bbl
V\Mﬁ-{, qu'e ase g]lw" r IAa"r"%na ﬁ;li ; Lt’}’f‘A GTA
non S8t VENt b ?é ne | Pighvieneg Y ?P t|i on
f _PVNE _does nSlycﬁlppp:rg]ﬂ/PPlhp edary t YC |nrart
My&eAfen-sadvi § 4060t he | #l6@s. .4L5A§5/o appetr 6D 100 100
quRdtioime¥) t of commence| hydrophji |ising tjhe nenbrgne,
Hutoating SBlvent € Telbcdtie’ ECRIFRANS| T9aceln SqNEideelin | A BTRT | GTA
”@oauh ores gk ”‘?ﬁetﬁ?}% P@itﬂoh@x 2‘ Toethyfenkq -S4 |-
t Qfgﬂ' my bﬂc@i‘ 'n coI sect| r‘élycol
Coatmg 68:32 45:55 90:10 50:56 100 100
Solv./Non-solv.
Ratio (wt%)
Quench Type Water Water PEG 200 | Water Water | Water
Break Extension | 152 228 35 - 156 173
(%)
Break 5.1 7.08 2.98 - 5.94 5.59
Force/unit area
(N/mm?)
Permeability 4838 1440 301 - 1367 707
(LMH/bar)
Bubble Point 250 390 460 - 450 - [ 200
(kPa)
Fibre Wicking | Partially | Yes Yes Yes - -

The difference_s between the structures of the membranes, as observed by SEM
for the samples with and without PVME are only minor for 0.1 and 0.2wt%. These can
5 beseenin Figures 2 and 3. Slightly larger than average cells within the structure can be
seen in the SEMs of samples that have been prepared with PVME. However at about
0.5wt% some immiscibility is apparent and there is some de-mixing occurring. At the

1wt% level this de-mixing has become more extreme. In the case of PVDF, this is most

likely due to the high proportion of non-solvent used in the dope mixture to extrude the




of the fibre could be seen to wet out, while sone '
sections remained dry, but would wet with the 28 December 2006

wazvistoaniece of ethanol. However, with 0.2wt % Py¥idyau2004/000922

present in the fibre 1o conplete hydrophilisation

appeared to have taken place. It is also noted that

hi gher proportions of PVME in the nenbrane appear to

cause a greater degree of asymm&try, which up to a
poineinbraedibies iln didl caspofifsad, which dih be 36¢h ih FigmRel| @hgising is most
Al t hough the sanples with 0.5 and | wt % PVME show

evi: . . . , .

C e B P R AR g 4 i Horaciet
attributed directly to the PVYME in the structure. In
ad®fiT6n this de-m xi ng can be used to induce small

pores by working as, a nucl eati ng agent and encour agi ng
phase Hepsyaspohs highereportian of JSYME dees DRianpeas Jorhe peggssary to
and PVME content is denonstrated by the trend toward

5i nospRatdiydeppbiisity do fheifibresa . tido ipfivhrscofficbent té conmeases.

I'n summary, incorporating PVME into the dope in TIPS
t rinarSphilasinSthe BRHHrhike, bixt at As 16VERhElRGpireiotRYohieGiokiYons of the

to the nmenbranes. The proportion of P used was nost

e T TR mET R e —

dependent up
| f e.proportion of naon solvent used.was | qwey . than
v DE Bl PRI Seeio et ook SURROR Srctiope MROBR Yo R avould wet
into the dope. However, the preferred range recited

abwifk theqssigihrgecifethanply Haysaver agths0.2wi%h EYME poesentdu the fibre
structural changes in 28 Decenber 2006 WD 2005/ 002712

10 PCbiml0 Gt drophifigRion Appédnad toehabe talken lacd) as asymmetry
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and smaller pores, as well as cause the nenbrane to

be hyd 130 i
o Bt S e PO
i s R faere SanapeRWIRED b B e&inbiBacug brberty in M

cont ai ned pol y(vinyl pyrrolidone-vinyl acetate 5630) .
asangd{F memhrangs; ¢dthouglithe syrapleswith ©.5 angh gt %R show evidence of
extruded in an identical manner and the results are

c alepapaug dadisonssed earlier, they also show a high degree of asymmetry which can be

attributed directly to the PYME in the structure. In addition this de-mixing can be used
to induce small pores by working as a nucleating agent and encouraging phase
separation. The relationship between asymmetry and PVME content is demonstrated by
the trend toward increasing bubble point as the PVME content increases. -

In summary, incorporating PVME into the dope in TIPS trials was successful in
imparting hydrophilicity to the membranes. The proportion of PVME used was most
preferably between 0.1 and 0.5%, although this is dependent upon the amount of non
solvent in the dope. If the proportion of non solvent used was lower than 60wt%, a
larger amount of PVME could be incorporated into the dope. However, the i)referred

range recited above is sufficient in most cases to begin to induce structural changes in




TABLE 6 Dope Properties Standard 0.4wt % 2. 3wt % PV
PVWNE PVDE Conc. wt% 13 13 13 S630 Conc. wt % 2.6 gﬁ(g)ecemberzooe

wBO\MS/@oTie. (W% 0 0.4 2.3 Pore Form ng AgenpcEaiiBes/000922

w%3 33 Water Conc. (W% 2 1.8 2.3 NW Conc. (WM %
79.4 81.8 79.4 Fibre Properties Standard 0. 4wt %

2.3m % PVYME PVME - Break Extension (% 182 217 260

Break Force 0.78 1.03 1.32 Breédk Force/mm/nm 3. 81

4. 188 menibaneRachvesdsyminiery(antiVisinaHer) pobeas Bdil 35ausBtHalth@nbrane to
Poi nt (kPa) 300 500 500 Fibre Wcking Yes Yes Yes 10

The: Hyldbspaslicshow an i ncrease in break extension, break

force and bubbl e point by when PVME was added.

WU MshlLhg to be bound by theory, these increases
rray—be—pzn@\ay due to a viscosity effect in that

repl aci 5630 with PVME results in a nore  viScous

doBe Fe ARRFs M5Te RIFPATPE with e qompositiogs lisled inyLable§ bglow. Two

nore robust structure, 15 giving a higher break force

5 ardiffenentyroportionssd IV MEAQ. LaitYoand Gswith)ywaro nompived widy 2 1DIPS
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the 28 Decenber 2006 WD 2005/002712 PCT/ AU2004/ 000922
2PVDF dope that contained poly(vinylpyrrolidone-vinylacetate) (S630) as an alternative

additive. These fibres were all extruded in an identical manner and the results are

compared below.

TABLE 6
Dope Properties
Standard 0.4wt% 2.3wt%
PVME PVME
PVDF Conc. (wt%) 13 13 13
8630 Cone. (wt%) 2.6 0 0
PVME Conc. (wt%) - 0 0.4 2.3
Pore Forming Agent Conc. (wi%) | 3 3 3
Water Conc. (wt%) 2 1.8 2.3
NMP Conc. (wWt%) 79.4 81.8 79.4
Fibre Properties
Standard 0.4wt% 2.3wt% PVME
PVME
Break Extension (%) 182 217 260
Break Force (N) 0.78 1.03 1.32
Break Force/mm” (N/mm?®) 3.81 4.83 4.12
Permeability (LMH/bar) 620 134 359
Bubble Point (kPa) 300 500 500
Fibre Wicking Yes Yes Yes

The fibres show an increase in break extension, break force and bubble point by
when PVME was added. Without wishing to be bound by theory, these increases may be
partly due to a viscosity effect in that replacing S630 with PVME results in a more
viscous dope which may in tum lead to fewer macrovoids and a more robust structure,

giving a higher break force and break extension, and also possibly contributing to the




i ncrease in bubble point. The variation in
perneability is possibly due to the change in wat gP December 2006

woners/@oiizent) concentrati on between the sanpl egr/aATB®4/000922
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SEMs in Figure 5 denonstrate the trend apparent from

the fibre properties - adding PVME to the structure
decreases the formation of macrovoids. Less than a 5

0. 4wt % repl acement of 5630 wWitRB PVME is required to

i frebnese in bitbbiepdint. Thavariation in peropebilitycls phssildy dng taathe change in
denonstrated by the DI PS exanples. Al sanples w cked

Waadr (S041-§tvdnfionbétayion Baebinfe@ampRsno di fference
observed fromthe hydrophilicity of the standard

fornmul at i The: I i
conducta SEME 56 STEfentate BEFHA GFRRLR ol fbre propertics
out _of mepbrane with 10 et hanol. T erneabilit

o PR RS s decisps e PBvpinn et besplion 2
PVME sanpl es. Since the bubble point is the same for .

t Rdsa%t eplasemenit o SO with PydiFrisaisinired toveduce ¢ dramaticeghange in

be seen that increasing the PVDF concentration and

agehipedies HbikairpntdeMdibiraenbetie DIPS erampleb.ow a UF

menbrane with a high perneability to be produced. 15
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ot Py s Sy A AR sty mesurements
mcrofiltration menbrane according to claiml erein )

t Miere epnpyeied Pathptes Beftings step c@dPitRg! WRtnR Quhele igmbrane with
3. Apolyneric ultra or mcrofiltration nmenbrane

aethandali Mhetpermdahility af Rhet%PVMEBsampied/Eppearsio enarerse averd).4wt%
coating on the nenbrane and is incorporated in the

NMPYRIE BAnASs. BinddARPBEIROpEinh SHRafleIr thbseawaanplds Mhile
menbrane. 4. A polynmeric ultra or mcrofiltration

Fﬁ%%e%@@ﬁ%%@%& ?%egér)rsg% ﬁ{amn%re\ﬁﬁﬁé lePYHP condnfriidn dud adding

rane as a~honogeneous
di_spersion {hroughout the rane. . . .
dJ.S erent PVM'I% conce%tratlons anow a%embrane with a high permeability to be

g

produced.




5. A polymeric ultra or mcrofiltrati on nenbrane .
according to claim1 wherein the PVME is incor porg eDGecemberZODG

worzotde2nenbr ane as a het erogeneous di sper si ONpCT/AU2004/000922

t hroughout the nenbrane. 15 6. A nmenbrane accordi ng
to any one of the preceding clains wherein the
polynmeric wultra or mcrofiltrati on nmenbrane incl udes
one or nore of Halar, PVDF or PR 7. A nenbrane
aCTHEATINAINIS CFTYHBE IR VENTION ARECESIFOLLCWEAs which is
hydrophilic. 8. A menbrane according to any one of
the preceding clains which has a highly asymetric
structure. 20 9. A nenbrane according to any one of

the pregeding cl ai ns havi rreduced pore size
ebul ¢ SPOBRRErE T PomISHIBolEn MegorRe spasHing PV ME.
according to any one of the precedi ng clains

subst anfipalynericrudsa er wigrofiifretien membrang according tbelame 1 wherein the
according to any one of the preceding clains

5 Cc ARV RiFis poesentas 2 codling emthe thefBvime. 28 Decenber 2006 WO

2005/ 002712 PCT/ AU2004/ 000922 25 12 A polyneric ultra

orz.m cr gfol i G : _
P o e e AR RCll I8 R L wheren the

cr o i.th _enbedd PVVE. 13.. A pol yner. :

o E 9 s B e R S ES memtie i is RePRO R inpe mgmbrenc as o
of the 5 precedjng. clajns contajning PVDF and PVME in

a hompqsgnesus ispersipnithyroggout themembrane. A ol yneric ultra

or mcrofiltrati on nenbrane according to any one of

the pragpelyimegcalitd erenicofdirgtidnngernbrahia haordimgltoR)AR 1 wherein the
aratio of 0.5:18 to 1:18. 15. A polymeric ultra or

10 M RV ik icaipopatedBIthE RIRMbAGRQE dihﬁﬁlog@ne%ﬁk’ diepérsioh thioBghout the
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precedi ng clains containing PVDF and PVME in a ratio
Of m8nfrade t0 2.3:13. 10 16 A polyneric ultra or
mcrofiltrati on menbrane according to any one of the

recedi cl ai.ns,.cont ai ni .4 to, 30 wt % PVMVE. | . .

P Se ‘Q 8olymenc ultra or rr?icro_ﬁ?tgat%n membrane acco?‘cﬁng to claim 1 wherein the
PVME is incorporated in the membrane as a heterogeneous dispersion throughout the
membrane.

6. A membrane according to any one of the preceding claims wherein the polymeric

ultra or microfiltration membrane includes one or more of Halar, PVDF or PP.

7. A membrane according to any one of the preceding claims which is hydrophilic.
8. A _membrane according to any one of the preceding claims which has a highly
asymmetric structure.

9. A membrane according to any one of the preceding claims having reduced pore

size as a result of the addition of PVME.

10. A membrane according to any one of the preceding claims substantially free from
macrovoids.

11. A membrane according to any one of ;he preceding claims containing ¢ross

linked PVME.




17. A polyneric ultra or mcrofiltration according ,
any one of the preceding clains which on soaking ?g(rbecemberzomi

wo 2b@uos71pr oduces a detectable quantity of PVMeeTA82008/000022
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polymeric ultra or mcrofiltration nmenbrane accordi ng

to any one of the 15 preceding clains containing PVME

whi ch on soaking for 48 hours produces a | eachate

havi ng at | east 5ppm PVMVE. 19. 2A hydr ophobi ¢ pol yneric
ullr a ok polyorat ultta atnhiorofiteativhanembranomdompordting adsorbakcP VME
of the preceding clains rendered hydrophilic by

C QR aaibeAddIINEVIBRAR FeafeiNhdsdrita P\AREEO s linid dGRAPLiBedded
solution of PVYME with a concentration 0.05 to 5 wt%

2Q A hydrophobi c polyneric ultra or

mcrofiltrati on nenbrane according to any one of the
pr.ecedi hg cl ai,ns, . rendered. hydrophilic by contactin

tHe" merfbPebiwep biiragt migro n ReTHTERABEPRIEIORY GRe of the
PVME with a concentration of 0.05 to 5 W% at a

ppeersding cbfimg contaiping® VIRF andBVBEL rexatio 2604 :2420 0.31tb, 240
met hod of hydrophilising a nenbrane prepared froma

pady merA polgmiesic titda, or nticdodiltiaeioh etknhbtand whcoglitg e adl efe of the
contacting said polynmeric material with a conpatible

a ' I [ . .
o SARb PR Lot S e U ELPRLIARS o 1115

et her noners. 22. A.net.hod according to .claim?2l

T i Ao poIomGRe pEd or M FNENiof SitpEhch e o B bne of the
pol ynmeric hydrophi]ising agent is soluble in an _anpunt
ofregeding gkymscongayning BVIE anbBYME ip aratie of @éilddo 2nl 3.
pressure. 23. A nethod according to claimany one of
cli@i ns AfolmmeRRuitdaer aiicrofilteatipn memename achyrdingphiahy ehagf the
agent is polyvinyhnethyl ether (PVME). 24. A nethod

ageRedihpalalfs &5titaifng 09f toB0A P PYME3 Wherein the
pol ymeric hydrophilising agent is a copol ymer

cqmt ai nj L t.hyl. . [ an I t . .
ol or RuPSe R op oy BhltGliol RIBREe BthyHne of Biegreciling caims
24 erein the vjnylnmethyl ether nomer, | resent
i Whﬁ‘ﬂ’ Ahtodking der %EO‘F% uegs agsics quapiaty F’Dﬁéﬁi C
hydr ophi | i si ng agent.

18. A polymeric ultra or microfiltration membrane according to any one of the

preceding claims containing PVME which on soaking for 48 hours produces a leachate
having at least 5ppm PVME. .

19. A hydrophobic polymeric ultra or microfiliration membrane according to any one
of the preceding claims rendered hydrophilic by contacting the membrane with an
aqueous or alccholic solution of PVME with a concentration 0.05 to 5 wt%.

20. A hydrophobic polymeric ultra or microfiltration membrane according to any one
of the preceding claims rendered hydrophilic by contacting the membrane with an
aqueous or alcoholic solution of PVME with a concentration of 0.05 to 5 wt%, at a

pressure of 0.5 to 50 bar.
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26. A nethod according to claim24 or claim25 whepgi .
the co-nononer is selected fromthe group consi st %ﬁﬁecemberzooﬁ
of . co-pol ynerisable acryl abg ndnoners and
co-pol ynerisable 15 vinyl nononmers. 27. A nethod
according to claim 26 wherein the co-nononer is '

2kel eAtragthéd ofihydrephiljsiogip meorbsinstyrepprest fromi apdlyraeri siptsrial,
acrylic acid, nethyl acrylate, nmethyl nethacryl ate,

sadd {Tﬁﬁ{hoﬂﬁﬁéltﬁ@ihg ke Rep @Edlb_)ﬁacﬁﬁg %ﬂi@ Slymeiib Yﬂatgn(’jal with a compatible
nmet hacryl ate, me crylic.acid, .tumaric aci .

S SIS vplor GlvRIA RO ErE Iodr sl oend GG eonieing
mal ei ¢ aci d, nonoesters of nmaleic 20 acid, diesters

vinglnedtbylathed matiosdersyl nal eate nal ei ¢ anhydride, esters
of adipic acid (divinyl adipate), ethylenically

22ns aunahed acatdiay antldes 2 ( ateyinthicde)eastgianyd Bnvatad dofuble
unsaturated carbo-nitriles (acrylonitrile),

- N/r Q‘ r. 0 -

o Ml S A T A
hydr ophobi,c/ hydr ophi | i ¢ bal ance of a polynmer nenbrane

teﬁ‘i/ df PO HCpol yneric material, said nethod
i ncluding the step of 28 Decenber 2006 ) i

2RCT/ Auneibad ecpeding tRelaisn eusio® afipleime 8l op 22 vherein i pedymeric
said polyneric material w th polyvinyl nethyl ether

h{ P )isih g apsd sty dnylimdiy etdr (FOIMEBRr i ¢ nmenbrane. 29,

- A nethod according to claim28 wherein the polyneric

2kE ”’Oﬁgfiahb& a%?ééiiﬁgntdﬂéﬁylbne%\t"}!ﬁmézﬁ% vher&h l*m%ﬂpmmeric

according to ¢ 28 "or 29 wherein the polyneric

rane is an ultrafiltrati.on .
g e i G Hinbir coaB Rl IFHRER Suk plbnomeg and o east
one_of clains 28-30 wherein the polyneric material 1is
one Pel WMEBIESHol ymer and hydr ophobi ¢/ hydr ophi li ¢
bal ance of the polymer is nodified to provide a
2hydr aphethbéd acmddihi exclpind §4whecimbebimieethyDetB@ m@nomer is
nmet hod according to any one of clains 28 to 31 wherein

piB&ut ROLY ARbIG of HRLcBSt 58lmbIsvdH e YolpibHiE R ophilising dgdnt.
(PVDF), poly(ethylene-chlorotrifluoroethyl ene)

26121 ar) A0 A RQLELPEOONEPE ) SRR 29WhBlelt @8- hORERS s selected

from the group consisting of: co-polymerisable acrylate monomers and co-polymerisable
vinyl monomers.

27. A method according to claim 26 wherein the co-monomer is selected from the
group consisting of: vinyl acetate, acrylic acid, methyl acrylate, methyl methacrylate,
allyl methacrylate, ethyl acrylate, ethyl methacrylate, methacryiic acid, fumaric acid,
monoesters of fumaric acid, diesters of fumaric acid, maleic acid, monoesters of maleic
acid, diesters maleic acid, diallyl maleate maleic anhydride, esters of adipic acid (divinyt
adipate), ethylenically unsaturated carboxamides (acrylamide), ethylenically unsaturated
carbo-nitriles (acrylonitrile), ethylenically unsaturated sulfonic acids (vinylsulfonic acid).
28. A method of modifying the hydrophobic/hydrophilic balance of a polymer

membrane prepared from a polymeric material, said method including the step of
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33. A nethod according to claim 32 wherein the 28 December2006'
polynmeric material is poly(vinylidene fluori I ATI2004/000922
(PVDF) or poly(ethylene-chlorotrifluoroethyl ed 5 May 2005
(Halar). 15 34. A nmethod according to any one o?f ay
clainms 28 to 33 wherein the polyneric material is a
formed nmenbrane treated withé’a solution of PVME at a

AR P bhidipoBMeRid tnatéri] witht polpvisyliveihyl ethtr PYME) ovprilivg a
saturation of sai d nenbrane to take place. 35. A

Ohhs Ccl ai m 34 wherein the polyneric
m{!&,ﬁdg“a I'S post treated by soaking in a solution of

VVE i n anol t ho
s Ao Eh 0D PRin A RPR T B bRl B wia

soakl ng in a solution of PVI\/E in water. 37. A nethod
P¥bBOrding to any one of clains 28 to 36 wherein the
concentration of PVME is less than 10% 38. A nethod
3@CCcopdhatiod accotdingnoXTaint 28 ei 29 Wharcindhepolymati¢ srembiane is an
PVME is less than 25 5% Anmended Sheet | PEA/ AU 28
wERARRRh A R Y RO AANAZA R coi ved 5 May 2005

A nmet hod according to claim38 wherein the

R R O

claim 39 wherein the n..of .,PVVE reat er
iAol Posmer and Res B RO S Paip R ike
claims 28-36 wherein the concentration of PVWE is 1
miodiffebto pRovide mmpdnephilicmodidied golymegicanemizane 1 wher ei n
treatnment with PVME takes place for between 5 m nutes
32nd 16 nhbdsccdtdingAo BBy bRdofatses A8 ng31 eheteh the4dlymeric
wherein treatnent with a solution of PVME is

material is poly(vinylidene fluoride) (PVDF), poly(ethylene-chlorotrifluoroethylene)

(Halar) and poly(propylene) (PP) or mixtures thereof.

33. A method according to claim 32 wherein the polymeric material is
poly(vinylidene ﬁuoride) (PVDF) or poly(ethylene-chlorotrifluoroethylene) (Halar).

34. A method according to any one of claims 28 to 33 wherein the polymeric
material is a formed membrane treated with a solution of PVME at a concentration and
for a time sufficient to allow PVME saturation of said membrane to take place.

35. A method according to claim 34 wherein the polymeric material is post treated by
soaking in a solution of PVME in ethanol. |

36. A method according to claim 34 wherein the polymeric material is post treated by
soaking in a solution of PVME in water.

37. A method according to any one of claims 28 to 36 wherein the concentration of
PVME is less than 10%.

38. A method according to claim 37 wherein the concentration of PVME is less than
5%.
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44, A nethod according to any one of clains
4/000922

wherein the polynmeric nmateri al |streated ei Mav 2005

by nmeans of adding PVME to a nenbrane dope pr|8 ¥

casting. 45. A nethod according to claim44 wherei n

the menbrane dope is cast vi® a 15 thernally induced
3gphasg iBEhed adcbaingoetansas wikreia thecdnsdnteationod PYAVE és less than

cl ai m 45 wherein the nenbrane dope includes PVME in

thgg %r gllﬁ%ﬁlt PRVIEVE ¥ss thén 38%.met hod according to claim

e nenbrane dope is cast via a diffusion

ndu has rati-o @R@ﬁﬁ'
4 ccondnog Seara s s e Chebbirot nTRPYAME is grater
i ncludes PVME in an anmount higher than |w % 49 A
thewOHd® according to claim47 or 48 wherein the PVME is
di ssolved in a polyner dope/sol vent/non-sol vent
41 xt Armeth&accarding focay ave of dieimg 2%3¢ Whereinibe gpageajration of
the solvent/non solvent m xture 25 includes a PVME
PVME non-sol vent. Amended Sheet | PEA/ AU
AU200235eP7r 2006 Received 5 May 2005 29 51. A
rdi i Bonvev
Lot v poRiTacoliind B GUfl S0 wRlroRChRRER e M Mecs place
accordlng to claln1g1 mhereln the PVNE solvent IS
fog bpsen drpmyics aad LOhoWs A et hod according to claim
49 or 50 wherein the PVME non-solvent is strongly
430l aA méthod Acoosting 'ty daitodivhereindregimerhvath anmwgrnnofilﬁ@/fﬁ is
PVME non-solvent is diethylene glycol, triethylene
fellovealby alirbinputae eslietoverunbbutd P EME. her eof .

10 followed by a rinsing stage to renove unbound (F%gszecember%%

44. A method according to any one of claims 28 to 43 wherein the polymeric
material is treated with PVME by means of adding PYME to a membrane dope prior to

casting.

45, A method according to claim 44 wherein the membrane dopé iscastviaa

thermalily induced phase separation process.

46. A method according to claim 45 wherein the membrane dope includes PVME in
an amount up to 1wt%.

47. A method according to claim 46 wherein the membrane dope is cast via a
diffusion induced phase separation process.

48. A method according to claim 47 wherein the membrane dope includes PVME in
an amount higher than 1wt%.

49. A method according to claim 47 or 48 wherein the PVME is dissolved in a
polymer dope/solvent/non-solvent mixture.

50. A method according to claim 49 wherein the solvent/non-solvent mixture

includes a PVME solvent and PVME non-solvent.
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~ 55. A method according to any one of clainms 49 to

wherein the solvent m xture includes from 41&)’5&%2%%586’8&?9" 2006
non-solvent. 10 56. A nethod according to clRédivid 5 May 2005

wherein the solvent m xture includes PVYME in an
amount of 0.1-2wt % 57. A net hod according to claimb56
wherein the solvent m xture #ncludes PVME in an

512N UR tn@fiodacoldioXo chm 48 orshwiekrein trr BIVIMGE sodvenk possessss
wherein the nmethod of casting is a TIPS process 15

including treatment wth a coating sol ution.
wé%{ﬁ(iﬁ{r%t hod according to claim45 wherein the nethod

of casti i s a.TlPS prage f ' k .

52.r e ag%ﬂgg%cpﬂradgl &ig é:}:fui;}%ﬁ Svgﬁeiﬂalln gfgé m&g&% g:{‘%gcegolmacteate.
solvent and a non- solvent. 60. A net cordi.ng.to

5%| ai Mmaghothesceiding Relpngted sl @h@:ﬂ@.@%ﬁ&%m&t& strongly
N- 20 net hyl pyrrolidone is present as a sol vent, and

polad er is present as non-solvent. 61. A nethod
according to claim21 wherein PVME is incorporated in

he A 5 WRSeinthoPTMEIEA-Ssleent dndicthylene
S%ergﬁﬁaégé]%cﬁg%ﬁgne is further treated with PVME.

elral TR Etor ne RS hiiGs Rakde ' Po™ "
5 oo mybeEREATRIN BRSO 8T SRT7A DI0ORerH by GURD e
May 2005 30 63. A nmethod according to clainms 62
inshelee fromt 402608 nhwdolvéntcr oss | i nking i s a-beam
irradi ation. DATED this 5th Day of May 2005 Shel ston
56 5 AAhbBEDBXBrdiRg fo dthifh 4T WhIER HASTEM FERVERACRMdes REME in
an amount of 0.1-2wt%.
57. A method according to claim 56 wherein the solvent mixture includes PVME in
an amount of 0.7-1wt%.
58. A method according to claim 45 wherein the method of casting is a TIPS process
further including treatment with a coating solution.
59. A method according to claim 45 wherein the method of casting is a TIPS process
further including treatment with a coating solution which contains a solvent and a non-
solvent.
60. A method according to claim 46 wherein the process is a DIPS procéss where N-
methylpyrrolidone is present as a solvent, and water is present as non-solvent.
61. A method according to claim 21 wherein PVME is incorporated in the membrane
dope and formed inio a membrane, and wherein said membrane is further treated with
PVME.

62. A method according to any one of the preceding claims wherein the membrane is

treated to cross-link incorporated and/or adsorbed PVME.,

Amended Sheet
IPEA/AU



Amended Sheet ][ PEA/ AU
PCT/AURD 65585 °F 2006

Received 5 May 2005

30
63. A method according to claims 62 wherein the method of cross linking is e-beam

_ irradiation.

DATED this 5% Day of May 2005
Shelston IP
5 Attomeys for: U.S. FILTER WASTEWATER GROUP, INC.
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