TI TLE: MEMBRANE POST TREATMENT FI ELD OF THE | NVENTI ON
The invention relates to conpositions and net hods for
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fibre menbranes for use in mcrofiltrati on and
ultrafiltration. The invention also relates to

menbr anes prepared in accordance with these nethods.
BACKGROUND ART The fol |l ow ng di Scussion is not to be
construed as an adnmission with regard to the conmmon
general know edge. Synthetic nenbranes are used for a
VAITTEEYMEMBRRINEROSOIMTREATMBNTG desal i nation, gas
separation, filtration and dialysis. The properties of
t he nenbranes vary depending on the norphol ogy of the

QW‘IfEH¢V Nj€s such as symmetry, pore shape

the maibiMETORTYE t&f@nwé?fépasn@@%%hoﬁsefoa?Eeﬂi.‘}figqpﬁﬁfsra‘ﬁon of

specific separation processes, including

mitesrRfianesy parieHarlyheliosy fibteragmbranesfar pesvia meierodiimsisingind
Mcrofiltration and ultrafiltration are pressure
dmitvaittrgtionc elledsventidn alse relates iogenbiwads prgpirbé ilsacterdahice with
the particle or nolecule that the nmenbrane is capable
Ofthdsehkydeg or passing. Mcrofiltration can renove
very fine colloidal particles in the m croneter and

RLB" nge. As a general rule,
mcr&? F{tratl ART

on can filter particles down to 0.21mm
whereas ultrafiltration can retain particles as snal
as 0. o/emieliyviagdispessionfg pelite be cpniiaied agprpdmissiop wvithregard to
even smaller scale. As the size of the particles to be
s $pasoatmoh gaera dsesledghe pore size of the nenbrane
must decrease and the pressure required to carry out

the segghbii©OMemBemEAHB s forh 8ristyof ﬁﬁﬁlc@ﬁ&i’s 1h§lud1ng

needed when a large filtrate flowis required

k Q9 nation, gas separation, filtration and dialysis. The properties of the membranes
vary depending on the morphology of the membrane 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 0.1um, whereas ultrafiltration can retain
particles as small as 0.01pum 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.



technique to make filtration apparatus nore conpact is
to forma nmenbrane in the shape of a hol | ow porous

wo plwse027Mbdul es of such fibres can be made w t PCEHAU2004/000922
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extrenely large surface area per unit vol une.

M croporous synthetic nmenbranes are particularly

suitable for use in hollow fibres and are produced by

phase inversion. In this proces, at |east one pol ymer

i s di ssAllwgd surfacerareanp negaled athen adarge filtrae fow is wquabd.eOne known
viscosity of the solution is achieved. The pol ynmer

S QiR t& RRKO G1tEARDh apParftul hofe &6mpuet 1saW férnbh eendtshe in the shape
then | rsed in a precipitation bath such as water.

hi ' .
R RN e T -

phase. The precipitated polyner fornms a porous
stsptfeeaprea RS NOHVRIURE- a net work of uni f or m por es.
Production paraneters that affect the nenbrane

st r uct Mierapodoysrsypibetic msmbranksigre patteufaolyysniable for use in hollow
concentration, the precipitation nedia and tenperature

afhré B dAMOpOHUQI BYPhiEinvasidn N BNHSPPré ek, dtMedshéne polymer is
pol ymer solution. These factors can be varied to

d 1] ' .of - :
DGR BLEL ARG RS ARER AR, Gt Br 2088 ctived
hem cal , thernal d hapj cal ti . :
MG agbraolfian 6an Ry e Rt ARGl IRSC ifecaiLihen mmagoed in
well suited to the application of renoval of viruses

arpledipicttion ibath s@Eh a$ Watey Jids ciusessaparatiesef théybomogénsaus polymer
fibre contains the | argest nmenbrane area per unit

V@b 1B irfth Also B 6ty AR BA\EE sélent PheRATRE plipitaied Pohner forms a
a polynmer solution consisting of at | east one pol ymer

2‘21%1‘(?11%'8&2&&1]};&' &)rnpalrﬁﬁg %\g?tavso\ﬂlc hrgﬁ{cﬁﬁa&%satpreﬂu&i%h%g{aﬁ&ers that

vent uses ou e ‘coagul ation
and_th preig}igtatin? soj ution wl fuse into the

| .dif he..
c ddfeckthe FemRrangsycyFe UK RIRPqTes 1B¢luds Hh POLARCrERBEfHgHOn. the
of the non-sol vent and sol vent has proceeded such that
t hpeecspitation aredirearcl tempetatureranil/tha ainoaht of salventasidenon-solvent in the
andde-m xi ng occurs. Finally a flat sheet is obtained
Wigolynddt sBRYIBHEThése fidtoS ) BIBE Warged to produce microporous membranes with
a large range of pore sizes (from less than 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 viruses and bacteria. Of all types of membranes, the hollow
fibre contains the largest membrane area per unit volume.

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



structure. Hydrophobic surfaces are defined as "water

hati ng" and hydrophilic surfaces as "water |oving".
wo/kmwg/0a711 he pol ymers used in the manufacture BET/AU2OOWS00922

menbr anes are hydrophobi c polyners. Water can be

forced through a hydrophobi c nmenbrane, but usually

only under very high pressure (150-300 psi). Menbranes

may be damaged at such pressures and under these

C%cmn%m&wéss Juradlyd flaj shiest rrorbtaipedbyvish we asyaemetvisroir gymmetric

Hydr ophobi ¢ m croporous nenbranes are characterised by

t seuctuexcel | ent chem cal resistance, bioconpatibility,

| ow swel li ng and good separation performance. Thus,

when u bﬁho‘ﬁﬁt Ricfabdsl & @éﬂxﬁa aé p&h Pﬂ&tir%n 2nd hydroPhlhc SItJrfaces as

hydroph I ¢ menbranes need drop ' sed
out al l,ow wat e erneatlon

o gt hg SR S BRI BPd i O G- BRY by membranes are
uItraflltratlon menbranes that require nechanica

5 sthydioghabig REIYIIGET. njates £2ibbe fowcdéhwsh adydiophehie membsane, but

present in the polyner can play the role of

pluasdllyoirtensder Qenyrheégh pressupo( 104360 pai)] Mentetulesineayee damaged at
(PTFE), Polyethylene (PE), Polypropylene (PP) and

PRLM Metiikdsh@an anfiériREse @aturh¥idel geiRally ﬁ@%ccﬁﬁ@ WeAEd evenly.

and avail abl e hydrophobi ¢ nenbrane mat'eri al s.

Z ﬂ lo%/ g : rl—ﬂﬁlr &J?‘%B}%t}%%o%toﬁufg ngegﬁq&g%egﬁﬁg-l%e}c ?Hsg(i [)3; gheér excellent

mepbrane pol yneric materj.al. Poly(vinylidene fluoride)
( elpspical @SIatag@fnPweP%etablhwn lowyBys§) fm andhgod sepaatien performance.
crystal line phase and an anorphous phase. The

10 ¢ Mhes,avhennsed mageepfilinatioe sppiwetonsheydraphabicafkinbtanes need to be
whi | st the anorphous phase adds sone flexibility to

t AGdrIBRtE A6 “WeY Bl ey Bl bt peHi&ion OB ofiR Sy ﬁ)?hﬂlc materials are

characteristics for nenbrane appl i cations, udi ng

t tﬁg{ Mablgegéf i GOt b %?(Plﬂ 4' ﬁ’raﬁ [He&%ranegi%g}e%%%% ngecganical

corrosive C
'ﬁé gfggﬁ o el Bl Ses e o molc{cﬁié's ‘E%S?rftﬁe!n“e'rmﬂ can play the
opti ons from
role of plasticizers.

15 Currently, poly(tetrafluoroethylene) (PTFE), Polyethylene (PE), Polypropylene
(PP) and poly(vinylidgne fluoride) (PVDF) are the most pdpular and available
hydrophobic membrane materials.  Poly(ethylene-chlorotrifluoroethylene) (Halar) is
another hydrophobic material showing promise as a membrane polymeric material.

Poly(vinylidene fluoride) (PVDF) is a semi-crystalline polymer containing a

20 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.



anong those materials suitable for m croporous
menbr anes, the search conti nues for nmenbrane material s
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performance while retaining the desired physica
properties required to allow the nmenbranes to be

formed and worked in an appropriate manner. G ven the
good nenbrane forming propertie$ of hydrophobic

menbr aMkde BMDRtHasito ddteprovenbd e orecdfahe makt desttatd b epfiens| from
properties, as well as the general famliarity in the

' m%rtﬂosWﬁﬁeﬁéﬂ§§hlﬁﬁk%i RictopR6ies AORDbAAE) thedsearch continues for
hydrophl ic menbranes is to syntheS|se nenbr anes based

ar oy n‘g/ gﬁlomég :3 %é}?ggg#%qﬁfe bQ Le C\MC}III? a blflllt %_de ]ggﬁfo%ance while

ance O

etvvo mai n .nmodes of nodify ro
( .rytawma AT By S P PEoRSE ShPRATe |t9. afl A‘S%W?@La@fﬁest o be formed
conditions used to produce the nenbrane or (ii) to
medi fmorkdteinraprappmpdatgfmanenr oduct i on (post -treat ment).
Conbi nations of the two approaches are al so possi bl e,

for exgie te dobd MMQOﬁﬁﬂEngf@ﬁﬁ&slﬂ hodraphabib rzhdranes and their
whi ch al one may not alter rane function, but which

d?a S‘&ﬁ@ﬁ] 12{141)']# éﬁ%&?ﬁ{iéal ﬁoﬂg’%ﬁ L\J(%ngs??é g&f&&l‘ﬁmlhaﬂty in the

I PTI g\l Og‘ THE NVENTI ON The ese | i cantts hesi
PN Y PRAEAGTRI% B¢ SHAOISAR B TP membrates s  synthesise
(V‘nyIthhyIEther) (PVME) can be used to nodi fy, and
i membranesiased arpentlic bydrephobinpilypednit @iltlyn@dlﬁéétrqna?fﬁhe
hydr ophobi ¢ menbranes. The PVME can be i ncorporated

eitydRphbdicpanphiic bapatd 6fae rRAibrarkl dtheawo hyais arldesof modifying
hol'l owfibre nmenbranes in a solution of PVME, or by

gﬁl‘é&ﬁn‘%ﬁ%@fz\“ﬁ&"é‘?ﬁ% (Sl e RS g E"‘ddgéfgaﬁi?f 9 yftions used (o
t pedic e ambbineer B o Rai PR nomRGRF ARG PRERER gettreatmen),

(PVDF) Pol y( et hyl enechl orotri fl uoroet hyl ene)
Combinations of the two approaches are also possible, for example, introducing

components into a membrane which alone may not alter membrane function, but which
do interact with reagents subsequently applied to produce a merﬁbrane 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
hydrophobic membranes. The PVME can be incorporated either by means of post-
treatment, such as by soaking hollow-fibre membranes in al 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-

chlorotrifluoroethylene) (Halar) and Poly(propylene) (PP).



(Hal ar) and Pol y(propyl ene) (PP).PVME as a
post-treatnent was found to nmake PVDF and Hal ar

woreouboeates hydrophilic, although the treat nentP@EAU2103/000922
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useful on PP nenbranes. PVME as a nenbrane additive

was found to induce variations in the pore structure

of PVDF such as asymmetry, as well as to inpart
hydrophilicity to the final nenbrane. This was

appar emVNarasaqlokt-fféa8BertrchsDbiat torhdlkeddVIOF and Katyg neembranes
menbrane. As used herein, PVME al so enconpasses not

Oy ¥ idpRilROAIMBRAEH hef tldabth &t wad AlsBuSEESn PP Whendrasest he
nmononel i ¢ formof the conpound, nanely vinyl nethyl

et her, geals éi n%m?ri%ﬁ% ac#dlritii\?e’ w%%u&i {ogi?lﬁ%e' &HER@F%IH the pore

SUMVAR or rst” aspec e inven

F;&;&S&%ﬁﬂgﬁ Y e am S5y o1 a3 impars hydrophIogy o the final
mcrofltration nmenbrane may i ncorporate a coating of
Pwidntoane. dlhisewasadppaehy/ for hothudBS and HIIBY eretimds of making a membrane.
di spersion of PVME t hroughout the polyner or both. The

pol y MerACuse® Rirea) ® VINEY aisb Ghétifpadsdd@oebRIgdiegoUmneric form of the
di spersi on of PVME throughout the polyner. In another

a ¢ : oy L I .
S5 2Rt BUFRGRIOH e SpRUEAL LG AR B, o
In yet another aspect, the invention provides a
h))’t‘_f‘?{]oaﬁrﬁﬁ’it%”ﬁﬂ?/ TRt ane having a highly

asymmetric structure, preferably forned from one or
mMeUBMMARA] ar, PVDF or PP. Preferably the nenbrane has

a reduced pore size as a result of the addition of

PVME. R®bafimbioy RisSapedt/ e aightianproviies upstyairicalltry or
free from macrovoi ds. Preferably, the nmenbrane

AG GOt Hit i dnIndifiraRE ﬁﬁgﬂﬁ)rd‘tﬁ% PR THE BBWCCJI&?‘& microfiltration
membrane may incorporate a coating of PVME or, alternatively include a homogeneous
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



i nked PVME. The nenbrane according to the present
i nventi on may i ncor porat eadsor bed PVME and enbedded

wedEeaTt wher ei n adsorbed PVVE i s cross-I i nkeplCmiumno4/000922
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enbedded PVME. Preferably the polyneric ultra or
mcrofiltrati on nenbranes of the present invention

contain PVDF and PVYME in a ratio of 0.1:24 to 0.5 to

24, nore preferably in a ratio ®f 0.5:18 to 1:18 and
ewdiorbed PVMELRT ahbedded P¥MB andwhérelh alsdBed #VMB islGoss-linked
The polymeric ultra or mcrofiltrati on nenbranes

pr éﬁ@é&ﬂeggmn 0.4 to 30 wt% PVME. In one

odi nent meric ultra or mcrofiltration

nenbra S. 0 esent .inventi n

nours B’?afa[f@&v B8 RS gy g s
exanp on soaking for 48 hours produces a | each
hawqm@oapomt@las&\f%sm PYME iy eatigrod B11y24 od)-hirit b 5%5 preferably in a
polymeric ultra or microfiltration nmenbranes are

r entiteo 15 1§ do d8iand evéyymoreyreferabiygintdwtioefiakietod. 3:h3.

an aqueous or alcoholic solution of PVME with a

concentriRtgoRin@icAstrh 8r ﬁld%f;fﬁraﬁ@ﬂ feRibednes pRifatablyRentain 0.4 to 30

polynerlc ultra or mcrofiltrati on nenbranes are

qéegg. ydrophlllc by contacting the nenbrane with

or alcoholic solution of PVYME with a

concentratlon of. 0.05 B’n_;_ % at.a pressure of 0.5
{o 50 Haone sabedigieht Polymericsltaner ST iratommemBtARR} pEfhe present
provi des a nethod of hydrophilising a nenbrane
prieyatien ofi soakizg fool8ihwers rodrece @rdetictabisaduantvyt gV ME, or for
i ncluding the step of contacting said polyneric

"%&%F@' oNkddRiri; 6PAPAbUE Eﬁad@bes' #£leadhaRaalvird! dt Yease$pim PVME.
sol ubl e pol yneric hydrophilising agent. Preferably,

the at ﬂr?f%isatb r‘?g aggﬂobﬂoﬁl"@gﬁlgﬁ%ﬁk R Sor AR R At fn membranes are

hydr ophi TS an anmount o

| east 5-10g/l .at standard te ature and pressur . .
prrgch;feébl}wirop(hhléc lg,}f cqniacting n?lg\gqaye W@p agﬁ?q%pé alecohohc solution

pol ymeri c hydrophilising agent contai ns
of PVME with a concentration 0.05 to 5 wt%. More preferably, the polymeric ultra or

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/1 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).



vi nyl net hyl ether nononers. Mre preferably, the
pol ynmeri c hydrophilising agent is polyvinyl nethyl

w@edwsno7PVVE) . The pol yneric hydrophilisi ng agemtT/aE300b000922
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a copol ynmer containing vinylnmethyl ether nononer and

at | east one other co-nononer. It is preferred that

the vinylmethyl ether nononmer is present in an anount

of at | east 50 nol e% of the pol yneric hydrophilising

agent . The palyarsriediydraphilising reent, max bg & cqpodimerrcotaifing kiaylmethyl
co-nmononer is selected fromthe group consisting of:

c etleo momemies arl & 1east yrieadtherronmominseraids preferred that the vinylmethyl
co- pol yneri sabl e vinyl nononers. More preferably, the

CRtH¥P AIMBMet & pr&kRGhaH abdopi §e 1&5%8&%61%& gg ﬁnc

vinyl acetate, acrylic acid, nmethyl acrylate,

Iat e Ilyl methacrylate, ethyl acryl ate,
gﬁkgﬁ% tsﬁlgcgyrﬁat e, nethacrylic acid, fumaric acid,
nnnoestgés of fumarjic acid, diesters of fumaric aC|d

mal ei c LEASUMORSRES Ussds 1tds prefaresddf theica;menaaeardg selected from the
mal eic acid, diallyl naleate mal ei c anhydride, esters
ofgroaugi qohsistimg' o ¢@polymetisabdé maylefe, m@tonydremdad-pylymerisable vinyl
unsat ur at ed car boxam des (acrylam de), ethylenically
URfoabileitt ed carbo-nitriles (acrylonitrile),

et hyl eni cal |y unsaturated sul fonic acids

(Vi nyl i}fﬂ Egﬂalf&a me cocl ﬁl?%’gérng%gctg hi rtg%grs S%onmghng of: vinyl

i nvention pProvi

gdroghoblc/ dFOE}I|IC bal ance of a ymer menbrane
gl W aeviate, methwl methacey t@ iyt methacrylate, ethy]
[ ncI udi ng the step of contacting said polyneric

magrilatea kthyl mhthpertylatd, methmetyiiglackd fiemaricRivMEmdnoegie @i Giemaric acid,
a nodi fied polyneric nenbrane. Preferably the

PEeyteR! df FuBiD S S alSic GORE, RdnYéstdds BMMRleicTRed, MRIRE SRSleic acid,
may be in the formof an ultrafiltrati on merbrane or a

{Thlglﬁ or?x%/l%m{gtrgﬁﬁa%}c ?ﬁ!}’ﬂﬁ?@ eegt&s ﬁfl%dr g cea]c %r(:c:lglgngf ;ﬁ’é’? eS';eenhylenlcally

unsaturated carboxamides (acrylamide), ethylenically unsaturated carbo-nitriles
(acrylonitrile), ethylenically unsaturated sulfonic acids (Vinylsulfoni_c acid).

According to a third aspect the invention provides a method of modifying the
hydrophobic/hydrophilic balance of a polymer membrane prepared from a polymeric
material, said method including the step of contacting said polymeric material with
polyvinylmethyl 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.



and hydr ophobi c/ hydrophilic bal ance of the polyner is
nodi fied to provide a hydrophilic nodified polyneric

woreoubneate2 For preference, the polynmeric nmateriBECT/AB2004/000922
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pol y(vinylidene fluoride) (PVDF),

pol y(ethyl ene-chl orotrifluoroethyl ene) (Halar) and

pol y(propyl ene) (PP) or mxtures thereof.

Pol y(vi nyl i dene fl uoride) (PVDF and

pol y( etHoy pesfierends], tireqolynidriconatetidlyis polgjvirytiene flueride) (PVDF),
particularly preferred. The polyneric material may be

a B &R eﬂ@@ﬁ%@ﬂﬁ&r@&hﬂ@né’)"(l—lﬁla@ a‘iﬁ'ﬂéb’(@r‘&g?l@nﬁ\( or mixtures

Preferaly, th oyrrerlc material istre

S 3#1 u|t IC i e'i’ ,??Y(}’m}"\% UB{}?@@%P{) %{1& gglyg%iﬂylg&r-c}ﬁ%%r?@hogo ethylene)

to take place hi one preferred enbodi nent, the
p&H?W@rqr%Pi‘l‘ﬁP@PTléPrqf%“%‘ost treated by soaki ng in a
solution of PVME in ethanol. In another preferred

enbodi Mhetpolyneicpoityria may beet forined membpusttreated avida gnjution of
soaking in a solution of PVYME in water It is preferred

t patMEh @rérenb BN tHeadolyRerRf mi¥HAL ié fredte® with Aaolutidltof FVIME at a
preferably Iess than 5% and even nore preferably |ess

t Qggce% Igatl on o b&ﬂ\(}lﬁlffﬂﬁ&{t & %lgériv ?&%E 851?5?&0}&& said men%brane to

concen grea range o

l1to @6| parti r refer re

LI Rlpoe IR Bt PR TS TIEOITaHTAE palyimerip At o shireated by
m nutes and 16 hours Preferably, such treatnment wth

a sealling inonsaditicnE? VMEfin ketheneld livgnatheri preferrgd smhgdinent, the
renove unbound PVME. hi an alternative enbodi nent, the

o)idricanaraii£llié Pdst treattd BRb&AMAtIng ihfa sBMvion oy PVBABR $n afiter
a dlng PVME to a menbrane dope prior to casting. The

¢ HB%oientAfn (WPVI@EtlQFe%{'mahM O%, ggﬁ%grgferably less

ph as% Separaglon process or by ad usion 1 ndu
QOB 1 NG BU PR RI ST RIGH > pnohbeehiiop ARG hat the
concentration of PVME is greater then 0.1%.

A range of 1 to 5% is particularly preferred.

It is preferred that treatment with PVME 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
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

solvent/non-solvent mixture includes a PVME solvent and PVME non-solvent



TIPS process is enployed, or higher if a D PS process
is used. Preferably, the PVME is dissolved in a

w@edognea7idope/ sol vent / non-sol vent m xture. MorBCT/AU2004/000922
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preferably, the solvent/non-solvent m xture includes a
PVME sol vent and PVME non-sol vent Preferably, the PVME
sol vent possesses weak polarity, for exanple,

gl yceroltriacteate. Preferabl y,9 t he PVME non-sol vent

i s st r (neflesabhyo theer B VG sobseanpdsegssel wedkyiodargy ofoy exdmple,
triethylene gl ycol, 1,4-butanediol or mxtures

cefv‘lmaare@t%e P?é%lﬁblzt {he PSVIE @8h-sBIvehtUk Stromidy pelas for éedample,
4 60% non- sol vent r ef er abl y, the sol vent m xt ure

SGUAIEE PR LR MHE 1 Glofhofi PO,

| el UaBESIPFBAE e e PO e RIS TR 80 00 DTl st

preferably contains a solvent and a nonsol vent. \Wen a
DI PS pluoefexably, thesobugnt inixtirs ipdledes PAVJEtin gan amount of 0.1-2wt%, and
N- et hyl pyrrolidone is present as a solvent, and water

| $ndit PEFerhblgSn B BmS AN 7-1W1%8. Pr esent i nvention al so
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otaierbédSEVME. A preferred method of cross linking is e-beam irradiation.

PVME readily cross-links upon irradiatioq with electron beams or y-radiation and
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 contamination 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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i ncorporated in the nenbrane dope. Hydrophilisation

can be achieved either by soaking the nenbranes in a
solution of PVME in a suitable solvent, for exanple,
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oSl 1 S, RTINS 0 g v
of PVME i nto, nenbr uced structur cha
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PVME could also be successfully incorporated into the dope via a DIPS process.

As well as modifying 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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PVME in the dope which are also be post-treated with
anregidabl aRwito sissink wvithrilie smbeddsd FMNY agiporeducing the
e-beamirradi ati on. Wthout wi shing to be bound by
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subsequently exposed to e-beam irradiation. Without wishing to be bound by theory, it

is 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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menbranes were tested. The general procedure for

treating the pre-prepared PP and PVDF nenbranes was as
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menbr arhewwaserahmocaduresfir freatingisbelpre4ireparédbHolae nisagibmanes was more
resoaked in an aqueous sol ution of 20w % gl ycerol for
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or 24 hr and the perneability of the standard
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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 concentrations of PVME 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 spogtaneously
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
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of dye is spontaneously absorbed into a fibre that is

partially subnmerged vertically in such a solution and

travel s upwards above the sol ution neniscus. This can

clearly be seen in strongly hydBophilic fibres

( Gt the dafardtbréspay albartifioiat restit iwpdldapisehs a résubio€ the glycerol in the

Wcking tests were not conductedwith the Halar fibres,

as,oply artificial result would arise as a result of the

gl'ycerol in the pores. TABLE | PVDF - Wcking and
Pmill ity results Fibre Type PVDF PVDF PVDF PVDF
P MF MF MF MF Sol ution Ethanol 3wt % | wt % 0. 5wt %
0.1wt % Detail s wet PVME PVME PVME PVME in Ethanol in
WANEPF i-Vigkingrand Pepggeabilityressittrent 5 nin 5 min 16 hr 16
hr 16 hr Tinme Break 77 79 79 79 - Extension (% Fibre
WiKkieype No Yes P&DFep NO/IPEr nealVDEy faf PAMIDA 632 PVDF
1966 1521 1494 No fl ux| PVME trejatnent (LWVH ar)

Rerneability aftef 63 1448 1635 Appl No f hpx MF
Solution Ethanol 3wt% 1wt% 0.5wt% 0.1wt%
Details wet PVME PVME 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
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provided it isabove a certain clr4i tical value, which is
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postul ated that this may be dependent upon the fibre
ddabe liftld renehieinssingtmane thanr0.5% PMMEr Itwspdstutaber thatthia may be
of avail abl e nenbrane surface area to free solution,

Sidapéndeht Upditthd ﬁb@dﬁﬁf\l/g‘ iAghd QNith, Uﬁmtﬁ&%v&% {h@cﬁtlo of available
there is a m ni num PV quantity in sol ution required

t
rradbi e REkORRs o By IR, st RIS I BERy e grombrane
for excess. PVI\/E ?epﬂésorb and as, a consequence

SPWfa%?é e Lhe Bigmumy, qyARHEY Bselution sequired rt%f’b'éﬁl a fofally
too little PVME is added, the surface nmay not be
c birdophidic ynemyltaapiirface. There wilrsiynply be ne rocarh be tie membrane surface
conpl exing and |inking. TABLE 2 PP - Wcking and

Pésmanglektdst PVIME to adsoft &deas Bydeasdiiendd will HaRvAhedbutNE the
MF Sol uti on Ethanol Iwt% | wt% 0. 5wt % Detai |l s wet PVME

P%g:’%] gfﬁﬁ in Water in Water Treatment Tine
m n mdr? 16 1 6hr Fibre Wcking? No Yes No No

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 1wt% Iwt% 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)
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made hydrophilic as denonstrated by w cking (see
colum 2 of Table 2) but the perneability is only
about half that of the standard untreated PP nenbrane
fibre. It appears fromthese rd8ults that the
i nt er adthieeesutts irPPablé £ shéWikliat PR canbe ntade bpdrophidic tah demonstrated by
interaction between PVDF and PVME. Wthout w shing to
b%vi@lﬁﬁ? heB¥oluRBOX ¥ Tdble 2ol i pérmbaslityNabnl 8ol \AWE thét of the
r

nore strongly attracted to the PVDF surface that is

sl jahtl 0l.a rather than the PP surface which nmay
bélagg?{gix@g?aetﬁaglﬁ ierngt%?/nen%%?‘pol ar. It seens that this
affinity may be the effect that is dom i n [

than t Héappwwéronsthgferﬁﬁﬁlytsmtﬁ%%m&aaqt@né?ﬁ‘h@bﬁ%%fIS not the
surface in preference over solution in water. TABLE 3

Hahme as théfinteraatjornbetwlen R¥BXF dndtRVMESs Witloutwashang topze bound by
Hal ar Hal ar Hal ar Hal ar M MF UF UF Sol uti on Et hanol

_2\ﬁﬁe%i'}E,tihi@?@étuﬁVUd%@Qh@PVME\ﬁtmﬁvwﬁoﬂgiy aftdded it tHAZEDF surface that
in Water Treatnent 5 min 16 hr 5 min 16 hr Length

P§{ ﬂf“g%ﬁ&f lpiofa¥, raffEoni? 4% PPl which may be considered entirely non-polar.
It seems that this affinity may be the effect that is dominating rather than that PVME is
simply attracted to a hydrophobic surface in preference over solution in water.

TABLE 3

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 PVME treatment.
Generally peﬁneability measurements for Halar MF fibre range between 1500-

2000LMH/bar, with Halar UF membranes varying between 200-600LMH/bar.
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PVME replicate to a degree the interaction between
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t he permanency of the treatnent of Hal ar nenbranes

WigbdlelPVME. W cking can clearly be seen in strongly
hydrophilic fibres (capillary action) but not in
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were conducted by soaking the fibres in reverse
0 FIWRF s ThiR@pulishadow givie apdodicationiféhe pramianensy of theeteeatment of Halar
refreshed every 24 hours (the wash water being

r epdrasafesavitipPeMm®f 9 tinmes) and an aliquot was
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The leaching tests (Figure 1) show that the PVME is leached out initially at a
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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because there can be very small quantities of residua
scamplet in the PVDF nenbranes that are only slightly
sol uble in water and al though very difficult to |each

out entAx ethinoMawdt dtaf@atd ahd & ldesgadfat @@ bretoeh Lhédesause there can be
readi ngs. Washing with ethanol prior to UV-Vis

ok &haﬁl Hligk §600Y 1 3 efef k}%%g@%@f@dgan{ ftﬂépa}@&n}/ slightly

rane. 'S may ex alrn mhy the es appea
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npl e. However, it is also possible that the PVME ma
buaﬁ@ctmbc EV-Misepdings. t Weshing withsthenakrriarde K- Vihanslysiseshould
PVDF surface, from an aqueous sol ution. The

paemBadiny fesidtal @blvantfusth etie aémbRbr Thie Indyadxplain ahg the PVDF
after PVIVE treatment are shown in Table 4. In order to

r A %/ﬂeg %Pé)%?n 'f[f Eg\b’MEfléa%B chf ﬁt}h@&l ol 39e hisREREy NBR& steady-

wat er and r led at room
TR e K B PR v Eé’rqutﬁ;?fw%% RS PP that the
V\hllethetreatedflbres were sinply ed
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 hydrophilic after
this period of leaching, but that the permeabilities have dropped noticeably. This is 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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noticeably. This is a relatively uniformdrop however

and i s between 40-55% across all sanples including the
standards, with the exception of the sanples soaked in

| wt % aqueous PVME. TABLE 4 MEMBRANE PERVEABI LI TY BEFORE
AND AFTTEABENME TREATMENT Description Perneability
Pernmeability % Before After Change Ethanol washed

BIMEKIBR ARE P FISAEAG PrPHPFORM ANBVAETER FRYNIETTREATMENT
1442 855 -40.7 PVDF 1wt % PVME in Water - 1505 307

I8 PYEBFDBryBrank—r154ga 74 =51 9 TPVDs 1 vt 9% )
DESCURYAL - 138 74 -46.|4 Har aPeA&REe (e d g/mbqagmyms %
NOT to be treated with ethanol (includifng wetting
out), it was assumed tlhat thBeio& neabil|ities A8 t he Change
two standard sanples dre identical, since they are
Erhirs] veehdd Blank he sanmg sour ce.545o0aki ng [PVDF f D84 e -36.2
menbranes in PVME did|not appear to nodify the ‘

pani cal properties |of any of the sanples in any
way. Treated nmenbraneg denonstrated the same break
Twtvs BUME in Bthanol = Cor (0 S0P 73, 855 40.7
PVDF
1wt% PVME in Water — 1505 ‘ 307 -79.8
PVDF
Dry Blank — 1542° 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 O to 1wt%. The TIPS extrusion was operated in a continuous process

(although there is nothing to prohibit its use in batch processes if desired). For PVDF,
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menbisagedthA ARLE-s3tuREDAIle 8] GFP VMESWhENBRANES PREPARED
W TH PVME | N DOPE 0. 1wt % 0. 2wt % 0. 5wt % | wt % 0. 5wt %

10 | Wt % PY¥EmRMNE Wibrépda WiVEorRRehtydilis 1y P propdithih &héfope
50/ 50 Sol ef 1015 Hal ar Hal ar Sol ef 1015 Sol ef 1015
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the experiments of any thermal instability of PVME during extrusion of the membranes.

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



Pol ymer 24 24 24 18 18 18 Concentration (W% Sol vent -

GTA -

GTA -

GTA -

GTA -

GTA GTA Non-sol vent

woe@shyl7ene Di et hyl ene Di et hyl ene gl ycol
40: 60 40: 60 45:55 40: 60 100 100
Ratio (w% Coating Solvent Triacetin Gtrofiex 2
Triacetin Triacetin GIA GIA Coating Diethyl ene

Triethylen Ctrofiex 2 Diethyl éle - - Non-sol vent
G BABLE & TETALLS OF iiB§ MEMBRANES PREPARFEIS VAITHLDVHE BO DOPE

gl ycol

Sol v. / Non-sol v.

100 100 Sol v. /Non sol v.

Di et hyl ene

gl ycobCTyAyzmkl/000922

Ratio (w% Quench Type Water

\fater PEG Z00T¥aLRe, VAl 6wt e | Bsees BXEamst on 1S@swio, | 1wt%
l4_28 35 - 156 L%@Mﬁl rﬁgﬁénia@wgﬁ,g%. qoséﬂg?;‘?. 9RVME
& gy Do 5 ef'l 2 Halar
{36moTeen] é%f}f) 1015 Og%eg’? 013 %go?efsgo R e Lo
— Kynar 1015 -
461 Kynar 460 | Kynar 450
Polymer 24 24 24 18 18 18
Concentration
(Wt%)
Solvent- GTA - GTA - GTA - GTA - GTA GTA
Non-solvent Diethylene | Diethylene | Diethylene | Diethylene
glycol glycol - glycol glycol
Solv./Non-solv. | 40:60 40:60 45:55 40:60 100 100
Ratio (wt%)
Coating Solvent | Triacetin | Citroflex 2 | Triacetin | Triacetin | GTA GTA
Coating Diethylene | Triethylen | Citroflex 2 | Diethylene | - -
Non-solvent Glycol e Glycol Glycol
Coating 68:32 45:55 90:10 50:50 100 100
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

be seen in 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
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in the structure. In addition this de-m xi ng can be

usand IF membranes. Although the samples with 0.5 and 1wt% PVME show evidence of
de-mixing as discussed earlier, they also show a high degree of asymmetry which can be
attributed directly to the PVME 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 preferred

range recited above is sufficient in most cases to begin to induce structural changes in
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in an igigti cal manner and the results are conpared
b&EPBRACERBIOY-6 Dope Properties Standard 0. 4wt % 2. 3wt %

PVME PVME PVDF Cone. (W% 13 13 13 S630 Cone. (W%

2 TABLBH6PVNE Cone. (W % 0.4 2.3
Dope Properties

Standard 0.4wt% 2.3wt%
PVME PVME
PVDF Conc. (wt%) 13 13 13
S630 Conc. (Wt%) 2.6 0 0
PVME Conc. (Wt%) 0 0.4 2.3
Pore Forming Agent Conc. (wt%) 3 3 3
Water Conc. (wt%) 2 1.8 2.3
NMP Conc. (wt%) 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 turn lead to fewer macrovoids and a more robust structure,

giving a higher break force and break extension, and also possibly contributing to the
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and there was no difference observed ) .
were conducted without a ‘wetting’ step — a manual wetting out of the membrane with
ethanol. The permeability of 2.3wt% PVME samples appears to increase over 0.4wt%
PVME samples. Since the bubble point is the same for these two samples while

permeability varies, it can be seen that increasing the PVDF concentration and adding

different PVME concentrations allow a UF membrane with a high permeability to be

produced.
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Hal ar, PVDF “or . 7. A nenbrane according to any one
of thg pr eceding clains which is hydrophilic. 8. A
neRBPAAE®accor di ng to any one of the preceding clains

whi ch has a highly . _ , _ .
5. A polymeric ultra or microfiltration membrane according 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 the preceding claims containing cross

linked PVME.
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according to any one of the preceding clains

substantially free from macrovoids. 11. A nenbrane
according to any one of the preceding clains

cont ai ni ng cross |inked PVME 123 A polynmeric ultra or

mil2r of A polanennultwe b nderefiltration peenshrangyingerpordsiad agsgreed PVME
and enbedded PVME and wherein adsorbed PVME is

C bf¢ mbédie@ P VINIE né wihetkite sisBNIYE PVIME ifcriosd-Jinlesd witlubribedded
or mcrofiltrati on nmenbrane according to any one of

t henpgecedi ng clains containing PVDF and PVME in a

ratio of 0. 1:24 to 0.5 to 24. 14. A polyneric ultra or

m crofiltration menbrane_according to any one of the

ol e edrRPIENS RIS ST GO HERISR TEbIAC SHACTATNEL A7y gne of the
ratio of 0.5:18 to 1:18. 15. A polyneric ultra or
mpoaceding clazms eontarping PAIRF ardBY Mg a otiaef 03 tef0. tee24.
precedi ng clains containing PVDF and PVYME in a ratio

01140. 4 Algol{meric Bltrhdr niiroAltramioy Mynhtsrand ddcarding to any one of the
mcrofiltrati on nenbrane according to any one of the

p gf&@&ih 91&1@'&&&5&9%59'}1%9&@PéM@in%Ora%%fﬁ’.\iM%- toli718. A
pol ymer

c ultra or crofiltration according to any

one of ,th recedi ng cl ai whi ch .on soaking for 8

oS o grigoese St BF nieRBMEn et B SRR 1oy Spe of te
polymeric ultra or mcrofiltrati on nmenbrane accordi ng

t pregeding plaimg cartining SV argl BY MEw atghie of Aidnlg to\AvE]3.

whi ch on soaking for 48 hours produces a | eachate

hagi ng Aapoliraasd ulbppaniRsivEltratidn nfentiyaieoqrioolingg tociny wae bfthe

ultra or mcrofiltrati on nenbrane according to any one
preceding claims containing 0.4 to 30 wt% PVME.
17. A polymeric ultra or microfiltration according to any oné of the preceding claims
which on soaking for 8 hours produces a detectable quantity of PVME.
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 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 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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20. A hydrophobic polynmeric ultra or mcrofiltration
menbrane according to any one of the preceding clains
rendered hydrophilic by contacting the nmenbrane with

an aqueous or al coholic solutidfA of PVYME with a

cancentA atethod ofthy@opbilising 2 mdrihrang prepaeéd our 2 polfymerié material,
to 50 bar.21. A nmethod of hydrophilising a nmenbrane

PrsgiRgh&Rod e MdthgRt Y8E bf SorfiRAE is@ld ,pog@xh&lcrfﬁitbﬂﬂ with a compatible
| ncI udi ng the step of contacting sai ol ymeric

r|aI t LIy water
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t ohyeenicurydraphdisprgeagsutrie solaBle imamemhwet @t lsastint0g/lat standard
claim2l or 22 wherein the at least partially water

S QéHpdreuROANdREdsireny dr ophi | i si ng agent cont ai ns
V|ny met hyl ether nonomers. 24. A nethod according to
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hy rophi I'i'si’'ng agent |s po yV|ny net

25. A net hqd cor di ng an f ains 21-24
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copol ymer containi ng vinyl methyl ether nononer and at

| @dst wmeﬂtold@pcqrdmmﬁmhgn anpene of dlaims@d-Zewbereinthe pelymeric
cl ai m 25 wherein the vinyl methyl ether nononer is

aphilisthgaigeT®pollyvinlIngdthyl edret (IBOMB)| €% of t he
po ymeric hydrophilising agent. 27. A method according

C| ai ,a[f]n%?hoﬁ cErHn16 Bny R ¢t hifn91 ¢ f29 WIRGHBRe pSlymeric

ect romt e gfroup ‘consisting o
gglygqﬂpb/ﬁg{n;géggllp Ss g Fﬂ%l%ﬁ olggé v1nyﬂnethy1 ether monomer and at least

one other co-monomer.

26. A method according to claim 25 wherein the vinylmethyl ether monomer is
present in an amount of at least 50 mole% of the polymeric hydrophilising agent.

27. A method according to claim 25 or claim 26 wherein the co-monomer is selected
from the group consisting of: co-polymerisable acrylate monomers and co-polymerisable
vinyl monomers.

28. A method according to claim 27 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, methacrylic 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 (divinyl
adipate), ethylenically unsaturated carboxamides (acrylamide), ethylenically unsaturated

carbo-nitriles (acrylonitrile), ethylenically unsaturated sulfonic acids (vinylsulfonic acid).
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nmet hacryl ate, allyl nethacrylate, ethyl acrylate,

et hyl nethacrylate, nethacrylic acid, fumaric acid,

nmonoesters of fumaric acid, diesters of funaric acid,

mal ei ¢ aci d, nonoesters of nal ei’¢ acid, diesters maleic
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hydroghoblc/hydrophlllc balance of a pol ymer menbrane
eHPelysiiaMsBI#Sr i ¢ material, said method

[ ncI uding the step of contacting said polyneric

meer i 2 method goodrdinigry khuh B9 whetdie the(fR\gvEyric mepbrata decoated with
a nodi fied polyneric nenbrane. 30. A nethod according

t vl m 29 wherein the polyneric nenbrane i s coated

with PVME. 31. A nethod according to claim29 or 30

Wher ei M@MOACX&EI o ﬂpfz%?mh%w %gfaﬁglhém&&gﬂm is an

menbr ane or I Crori T ion fmenbrane
accordlng to any one of cl 1 wherein the

i3l rationmewprage of & mécrﬁgg%‘ﬁﬂ IRA yner and
hydrophoblc/hydrophlllc bal ance of the polyner is
m3di f | ed methed ascoringitorangonp f tlainsR$H3 | wherepothg pehymeeric material
menbrane. 33. A nethod according to any one of clains

295 b ayddphét¢ polgmiehendigldyspriobie/hydtophilRl baldhice of the polymer is
polsy(¥/| nyl i deges}ﬁ‘nl uor (ngje)d?lPVDgyadp P

I ) and

%y%ggr:&o%)ﬁ gﬁéi?gé’g@w‘ﬂ‘%w gr e&M %‘ﬁer eo% fﬁ@%’ﬁfe A net hod

accordln t .33 wherein_t r nat
ool yRunsifod BEAEFS iy a5 Of P 2 22 Wherb e pglymem

poI y(et hyl ene-chl orotrifl uoroet hyl en })1 (Hal ar)
mendiedal axpdyimdidens Augridehe \IPF): belyfas ﬂm%@lmtmm&r@qthylene)
the polyneric

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

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

35. A method according to any one of claimg 29 to 34 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.

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

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

38. A method according to any one of claims 29 to 37 wherein the concentration of

PVME is less than 10%.
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pl ace. 36. A nethod according to claim 35 wherein the
polymeric material is post treated by soaking in a

solution of PVME in ethanol. 37. A nethod according to
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A nmet hod according to any one of clains 29 to 37

whgrein the concentration of PVME is |less than 10% 39.

A net hod according to claim38 wherein the

concentyrati.on of PVME is.less,than.5% 40. A :

o llor aith Gt eRorinide i & AR U oufpafip Rt BFUE is tessthan
PVME is less than the concentration of PVYME is |ess

t Hasmc@mentzation f PVMB ds lgescHaBig t o cl ai m 40 wherein

the concentration of PYME is greater than 0.1% 42. A
metlhod Aardiodiasgortingao glaimd0ofhecdinthescoRerBratioh of BVME is greater
the concentration of PYMEis 1 to 5% 43. A nethod

aGr @ling to claim35-42 wherein treatnent with PVME

takes place for between 5 minutes and 16 hours. 44. A
met,hod accqarding to ¢lajim43 [ : ' -
sut oh o or Do A haoRS RS 29,37 W The tcBniuion of
renove unbound PVME. 45. A nethod according to any one
ofP\VIEiipd t26%: 0 44 wherein the polymeric material is

" treated with PVME by neans of adding PVME to a
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mersbr aneneitpd aocirdingtto claira 35§, whiein Areatat dnd ovi thd\O¥Id takes place
to claima45 wherein the nenbrane dope is cast via a
for between 5 minutes and 16 hours.
44. A method according to claim 43 wherein treatment with a solution of PVME is
followed by a rinsing stage to remove unbound PVME.
45. A method according to any one of claims 2'9 to 44 wherein the polymeric
material is treated with PVME by means of adding PVME to a membrane dope prior to
casting.
46. A method according to claim 45 wherein the membrane dope is cast via a
thermally induced phase separation process.
47. A method according to claim 46 wherein the membrane dope includes PVME in
an amount up to 1wt%.
48. A method according to claim 45 wherein the membrane dope is cast via a
diffusion induced phase separation process.
49. A method according to claim 48 wherein the membrane dope includes PVME in
an amount higher than 1wt%.

50. A method according to claim 48 or 49 wherein the PVME is dissolved in a

polymer dope/solvent/non-solvent mixture.
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according to claim45 wherein the nenbrane dope is

cast via a diffusion induced phase separation process.
49. A nethod according to claim48 wherein the

menbr ane dope includes PVME in28n anount higher than

| vit1% ) mefodeicbadingao olaith 150 wheraih diensoi@ntinord Solvére mex ture

the PVME is dissolved in a polyner

dQRALGR! MBI R R PANEPY M Kinlodvent. A met hod

according to claim50 wherein the sol vent/non-sol vent

mxt ure, i ngl ude . PYVE, sol PV

552 A Gl Pinedt TRRR P B 5 SBRegn M MR ossesses
PVME_ sol vent possesses weak polarity. 53. A nethod
adtEK@oREtY.0 cl ai m 52 wherein the PVME sol vent is

gl yceroltriacteate. 54. A nmethod according to claimb50

or5351 wherettiod acbardRgNE clatm 52 otheesin thesP EMiEoTodont jscgleaeroltriacteate.
55. A nethod according to claimb53 wherein the PVME

NG Sol A gfRkhodSacEbraindyb efem 30YE 8l whvkdihiHeeNEME nteidolvent is strongly
1, 4- but anedi ol or mxtures thereof. 56. A nethod _

a %arrdi ng to any one of clainms 50 to 54 wherein the

sol'vent m xture includes from 40-60% non-sol vent. 57.

A nmet hod accordi ng.to c]ai m5Q wherein the sol yent. ..
it ur & PIFHIoGdgsor Elins st U ME siicsnl s disthylene

met hod according to claim57 wherein the sol vent
nigkyool, dri¢thylenciglycey/Ni-butangdiobemmintures thereofwt %

56. A method according to any one of claims 50 to 54 wherein the solvent mixture
includes from 40-60% non-solvent.

57. A method according to claim 50 wherein the solvent mixture includes PVME in
an amount of 0.1-2wt%.

58. A method according to claim 57 wherein the solvent mixture includes PVME in
an amount of 0.7-1wt%.

59. A method according to claim 46 wherein the method of casting is a TIPS process
further including treatment with a coating solution.

60. A method according to claim 46 wherein the method of casting is a TIPS process
further including treatment with a coating solution which contains a solvent and a non-
solvent.

61. A method according to claim 47 wherein the process is a DIPS process where N-
methylpyrrolidone is present as a solvent, and water is present as non-solvent.

62. A method according to claim 21 wherein PVME is incorporated in the membrane
dope and formed into a membrane, and wherein said membrane is further treated with

PVME.



59. A nethod according to claim46 wherein the nethod
of casting is a TIPS process further including
woe@anoent with a coating solution. 60. A net hBdI/AU2004/000922
according to claim46 wherein the nethod of casting is
a TIPS process further including treatnent with a
coating solution which contains a solvent and a
nonsol vent. 61. A nethod accord®ng to clai m 47 wherein
t 168. pr ok exthddsaceordingSo pny emsef thipreeeding claiphpwherein the membrane is
IS present as a solvent, and water is present as

NQRatelty 8fss-1ifiR incOrpiRitb® h B SlbBIPVME! ai m 21
wherein PVME is incorporated in the nmenbrane dope and

for,med {nt [ ' " :

f 07 herA HisthsR BRI ol o2 VAR kS BB Tkng i c-beam

any one of the preceding clains wherein the nenbrane

i dTpd1aUY t 0 cross-1ink incorporated and/ or adsorbed

PVME. 64. A nmethod according to clainms 63 wherein the
Smethod of cross linking is e-beamirradiation.



