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The invention relates to polyneric nenbranes having a hydrophilic |layer 5
grafted to the surface thereof and to nethods for the preparation of such
menbranes. The invention particularly relates to the field of
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di scussion is not to be construed as anqadm ssion with regard to the state
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di al ysis. The properties of the nenbranes vary depending on the 15
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i s capabl e ofmigrefilitatiinng or passing. Mcrofiltration can renove very fine
colloidal particles in the mcroneter and subm croneter range. As a
general rule, mcrofiltration can filter particles down to 0.05pm whereas
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size and the chemical nature of the polymeric material used to form the membrane.
Different membranes can be used for specific separation processes,

including microfiltration, ultrafiltration and reverse osmosis. Microfiliration and
ultrafiltration are pressure driven processes and are distinguished by the size of the

20 particle or molecule that the membrane is capable of retaining or passing.
Microfiltration can remove very fine colloidal particles in the micrometer and
submicrometer range. As a general rule, microfiltration can filter particles down to
0.05um, whereas ultrafiltration can retain particles as small as 0.01um and smaller.
Reverse Osmosis operates on an even smaller scale.

25 Microporous phase inversion membranes are particularly well suited to the
application of removal of viruses and bacteria.

A large surface area is needed when a large filtrate flow is required. A

commonly used technigue to minimize the size of the apparatus used is to form a
membrane in the shape of a hollow porous fibre. A large number of these hollow

30 fibres (up to several thousand) are bundled together and housed in modules. The
fibres act in parallel to filter a solution for purification, generally water, which flows in
contact with the outer surface of all the fibres in the module. By applying pressure,
the water is forced into the central channel, or lumen, of each of the fibres while the
microcontaminants remain trapped outside the fibres. The filtered water collects

35 inside the fibres and is drawn off through the ends.
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configuration is a highly desirable onexas it enables the npdules to
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as "water lovin of th jpor ous menbr anes are
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when used in m‘#p’?otrt%;t gr(l)rl)etrtryat I on applications, hydrophobic
Hydrophobic surfaces are defined as "water hating” and hydrophilic surfaces
as “water loving”. Many of the polymers used to cast porous membranes are
hydrophobic polymers. Water can be forced through a hydrophobic membrane by
20  use of sufficient pressure, but the pressure needed is very high (150-300 psi), and a
membrane may be damaged at such pressures and generally does not become
wetted evenly.
Hydrophobic microporous membranes are typically characterised by their
excellent chemical resistance, biocompatibility, low swelling and good separation
25 performance. Thus, when used in water filtration applications, hydrophobic
membranes need to be hydrophilised or “wet out” to allow water permeation.
it is also important that membranes have a high resistance to aggressive
chemical species typically found in water requiring filtration, in particular, to oxidising
agents and conditions of high pH (i.e. caustic solutions). - In particular with water
30 filtration membranes, chlorine resistance is 'highly desirable. Chlorine is used to kill
bacteria and is invariably present in town water supplies. Even at low
concentrations, a high throughput of chlorinated water can expose membranes to
large amounts of chlorine over the working life of a membrane can lead to yellowing
or brittleness which are signs of degradation of the membrane.
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Production parameters that affect the membrane structure and properties include

the polymer concentration, the precipitation media and temperature and the amount

20 of solvent and non-solvent in the polymer solution. These factors can be varied to
produce microporous membranes with a large range of pore sizes (from less than
0.1 to 20um), and possess a variety of chemical, thermal and mechanical
properties.
Hollow fibre ultrafiltration and microfiltration membranes are generally
25 produced by either diffusion induced phase separation (the DIPS process) or by
thermally induced phase separation (the TIPS process).
The TIPS process is described in more detail in PCT AU94/00198 (WO
94/17204) AU 653528, the contents of which are incorporated herein by reference.
The quickest procedure for forming a microporous system is thermal
30 precipitation of a two component mixture, in which the solution is formed by
dissolving a thermoplastic polymer in a solvent which will dissolve the polymer at an
elevated temperature but will not do so at lower temperatures. Such a solvent is
often called a latent solvent for the polymer. The solution is cooled and, at a specific
temperature which depends upon the rate of cooling, phase separation occurs and

35 the polymer rich phase separates from the solvent.
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Processes usgdeto?o]:'oduce flat sheet Halar membranes are disclosed for
example in US 4702836. The properties of Halar make it highly desirable in the field
of ultrafiltration and microfiltration. In particular, Halar has extremely good
properties in relation to its resistance both to chlorine and to caustic solutions, but

20 also to ozone and other strong oxidising agents.

Halar membranes also have good mechanical and structural properties.
Halar produces membranes of near-perfect sub-structure, with little or no defects or
macrovoids. Good permeabilities, in the range of 300-1000 Imh/bar can be
achieved. Halar membranes, particularly hollow fibre membranes, have a good

25  break extension, of greater than100%, a break force in excess of 2N and exhibit
high flexibility with little or no brittleness. .

As a result of this good integrity, Halar membranes have been able to
achieve log virus retentions (LRV) of 2 4, ie better than 1 in 10,000 viral particles
removed.

30 .However, Halar and related membranes are not without some drawbacks.
They have a tendency to exhibit reasonable performance initially, but after a
relatively short time in use, can suffer from irreversible fouling, pore-compaction or
both.

In the present case the inventors have sought to find a way to modify

35 polymers and pblymeric membranes made from halogenated polymer such as Halar



15 pHs (0-14) Processes used to produce flat sheet Hal ar nmenbranes are

di scl osed for exanple in US 4702836. The properties of Halar neke it
highly desirable in the field of ultrafiltration and mcrofiltration. In
particular, Halar has extrenely good properties in relationto its

resi st anceweoobs/adt7ehl ori ne and to caustic sol utions, BGFADPXOHA8YESt o ozone
and other strong oxidising agents. Halas menbranes al so have good

mechani cal and structural properties. Halar produces nenbranes of

near - per f ect r I
por o |11 St Rai g gl or kot i el AL e, e e et ar

nenbr anes, ptmei retgining the ﬂ@ﬂq igfinsic rasistanes Bl t%g@tenﬁl&ggh%{m@% yggal pid o

extensi on, Oheeﬁﬁﬁéaﬁae Lanbn. 0P% mast BegaklcimdadiRaiion ieiooesder tfe Rdedaid exhi bi t
hi gh f1 exi b| % withlittle or no brittleness. As a result of this good
integrity, UAPPiENDr anes have been able to achieve | og virus retentions
(LRV) of 8 4 i e BpdroHilishittanof imdmbrdr@s @0 agentabughasti\E has bepenoved. 30

However, Hal a@?ﬂ@gd r%k%%sq)? (188581 éaﬁaesp%zgw B&thuséﬁg@cdﬁnﬁ%ﬁ“ks They

have a tendeﬁ reaSona ormance 1 nitial t after a
rel atively shdmu!fbmememhrausenth@aWFglmtlat@f (persifate)sobiien 3idihen *“?ﬁ?l’g H§,

por e- conpact Lo n}en%%r{étolc%sgll?\ﬁtr@ﬂﬂfnt}'h@%% shifiRséfaNEBdrRESingtiée sought to
find a way to nodi | yners and neric ne from

hal ogenat ed bmrymicmwra@e pkq 2hvaRehlie 887 IPRTRYC raeg\t%%%n%gtﬁﬁoww 5 to

ggngnctel tgrge rh\%ﬂﬂﬁaet o nrfléfr:oramehﬂg(:ﬁugeun;sstdmomlfedrwa/bewenmﬁtmmt issfdvergrshb’ at t he
00d i : he. ori

cheni cal | phySTara e onied Aur ikisese gt o ifF e bR o Faed &1 1O

modi fication is tHaleebdeuse hiitsreneinerdess, Hy/ oot ogrsilly proendgbleytelr ophi | i sati on of

menbranes W Aadatt HEdeficalMEaiR@Rio? &R fordis Pe@%r?ﬂa@ﬁ&‘bb@r\l%e‘d asUS
g Hehefiicef mad

5,376,274 an ose coating sul fo b
with a PVP/i mudeﬂyaasmon(emegmmr@)efemlm Mﬁﬂ%{ﬁwhtCHéF? ‘ﬁ%‘a%?'ﬁf@”&tag mgoarkgge

menbr ane 150 ghABRhehtkl ddipadBVEh. Athinfote@hyarepaiR@sHarr in the pastharé proged he
difficult for this very reason.

One approach to hydrophilising halar membranes carried out by the present
applicant has been to remove HCI from the polymer by exposure to aqueous
solutions of alkali earth hydroxides or alkoxides, such as caustic soda or sodium

20  methoxide to produce an activated form of halar possessing double bonds at the
surface of the polymer. The activated halar is then treated with an oxidising agent,
such Fenton's reagent, which acts as a source of hydroxyl radicals. The hydroxyl
radicals react with the double bonds to produce a hydroxylated form of halar which
is more hydrophilic than unmodified halar. This is disclosed in AU 2004903680, the

25  contents of which is incorporated by reference in its entirety in the present
application. This hydroxylated form of halar is also more amenable to reaction with
other chemical species. However, alternative approaches for the long term
hydrophilisation of hydrophobic membranes are still desirable.

It is an object of the present invention to overcome or ameliorate at least one

30 of the disadvantages of the prior art, or to provide a useful alternative, particularly in

. terms of methods of production.

Unless the context clearly requirés otherwise, throughout the description and
the claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in

35 the sense of “including, but not limited to”.
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| NVENTI ON AcEJPAT A§™Po a first aspect, the invention provides a method of
coating a Specific examples of halogenated polymers suitable for use in the present

invention are PVAF (poly vinylidene fluoride) homopolymer, for example Kynar ® or
Solef ®, Ethylene-chlorotrifluoroethylene copolymer (Halar) or Ethylene-
20 chlorotrifluoroethylene terpolymer with n-butyl acrylate; terpolymers of Vinyl
| Fluoride/Chloride; Vinylidene Fluoride/Chloride; Hexafluoropropylene,
Chlorotrifluoroethlyene, Tetrafluoroethylene.

Most preferably, the polymer is halar, or poly (ethylene

chlorotriflucroethylene), a 1:1 alternating copolymer of ethylene and
25  chlorotrifluoroethylene, and having the following structure:
~(-CH,-CH,-CFCI-CF2-)n-

Alternatively, any polymer resistant to base attack containing or formed from
and miscible with one or more of the following monomers may be used:
chlorotrifluoroethylene vinyl fluoride, vinyl chloride; vinylidene fluoride/ vinylidene

30 chloride; hexafluoropropylene, chiorotrifluoroethlyene, tetrafluoroethylene.

Preferably, the activating agent acts to removes HX from the polymer to
produce a reactive polymer. Preferably, the activating agent is a base.

Preferably the base is an alkali earth hydroxide, more particularly sodium,
potassium, lithium or calcium hydroxide. Alternatively, the base may be an alkali

35 metal alkoxide, such as sodium methoxide, sodium ethoxide, sodium propoxide,
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Sol ef (r), E¥ ﬁ Igl;,%rl f1uoroet hyl ene copol ynmer (Halar) or Ethylene
20 chlorotri roe ene terpolynmer with n-butyl acrylate; terpolymers of
Vinyl Fluori de/ CRiefaralzy thevieastive geatiag i rﬁé@?@j@/tbﬁ regeiivgarolymer in the

Hexaf | uor opr 0
or ef erabl y. Pf}é%!aﬁd%eof an miaﬁfrhg)hgyéﬁéﬁéa%tﬂ’ﬂtaﬁgﬁersﬂ_ iRtg, &8 0for eedtbletee  Most

chlorotrifl ué?@é’?@ﬁ?lsé%@)? forg ofpftaaﬁ'welp%ét@{%é @B%%'W?rsw‘at wfANBIE and 25

chl or ot r | ugeRakdly bestgiunamendipatbuiigtet he fol | owi ng structure:
_ (- CH2- CH2- E y g

cl - ternatively, b
cont ai ni ng or fo%ﬁ#‘ﬁ%@:a a?ﬁ%f“{ﬁ 8?tb e?n%ntﬁﬂ%&ﬁ@g? aﬁrﬁoéftgé tt';]g fglsﬁos\: LSCK
Mononer s may hisdropisisthy a moihinmer compiisingdhe steh pf, amerevappidablel mﬁﬁlfvld@the\/l nyl
chlori de, gXIgﬂng ncfo Pe(té Q%{ hﬁléébfeqmﬁor%nty%ti%h%:sahﬁé&%fn{elﬂor opropyl ene,

chlorotriflu uor oe ene. r ef er abl the activatin
agent acts tGomtélﬁﬁgés?rqslx“f“?a@!ﬁft“PFé'%%‘W‘HéYa grgss 'WB@%E@@P%&Q@@P » pol yrrerg

Pref er ably, tah&aﬁw.hg/@fbwmkageaﬁdltioﬁsa base, Preferably the base is an
al kali earth hydrog

i de
cal ci um hydr oxi deA'tW?tl%{?’M’aﬁ Te\?gtl‘vﬁ co%‘:tLHI‘l?E'l'?rJé SSRA %aeto aEPowe%Qman{/' thium or

bearing a cross linkable functionality in the presence of an initiator to hydrophilise
the polymer.
Preferably the crosslinkable functionality is a double bond
20 Preferably the crosslinkable hydrophilising agent is PVP.
Preferably the cross linking conditions involve the use of an initiator and/or
cross linking radiation. A preferred initiator is persulfate.
According to a third aspect, the invention provides a method of hydrophilising
a halar microfiltration or ultrafiliration membrane comprising the steps of:
25 ) treating said halar microfiltration or ultrafiltration membrane with a base to
eliminate HCI and produce a base treated polymer; and
ii) treating said base treated polymer with PVP in the presence of a cross
linking initiator to produce a halar microfiltration or ultrafiltration membrane with a
crosslinked surface coating of PVP.
30 Preferably the initiator is a persulfate anion.
According to a fourth aspect the invention provides a halar microfiltration or
ultrafiltration membrane with a crosslinked surface coating of PVP.
Preferably, the membranes of the present invention are asymmetric
membranes, which have a large pore face and a small bore face, and a pore size



35 netal al koxi de, such as sodi um net hoxi de, sodi um et hoxi de, sodium
propoxi de, WO 2006/002479 PCT/ AU2005/ 000975 7 potassi um net hoxi de,

pot assi um et hoxi de, potassium propoxide and the like. As a further
alternative, a strong anmi ne base maybe used, such as tetraethyl ene

pent ani ne. Wr8p@024Py, once in its reactive form the BETHHOSHEYPSs a
doubl e bond. 5 Preferably the reactive goating is a hydrophilic polyner.
Most preferably, the reactive coating is PVP. Preferably, the reactive

coating is O%?acdge%g}lvgﬂhp arcﬁﬁg'iHe‘fﬁemaﬂen@rBsé eclidte THRIMSRERsOhaydde

initiator. rred initiator is persulfate, (82082 Preferably the
persul fate i daf Sr*i‘e?h@r mefermreferaplt %@‘g‘f"dﬁﬁeﬂ%‘?’glﬂ?‘f‘%ﬁ e, ammoni Lm per sul fatg

sodiumdi- 10 perAuéd‘raﬁgéto(yﬂﬁmépwnmmmn@@fmwndataunmmlseu membran@ second

conpr i 51 ng-t RERerg RN he PESaTrvanra rser P A e B2 Y O
i ncor por ate altefitrator of nlatdylaed ivastewatonal ity and treating said pol yner
containing a cr Osic%dnﬂ@' aesnhHQ%ﬁe'lcp Bl idvekioM ﬁerlé’es(HfQﬁ&loﬁéhQi@RErﬁbrane

hydrophi | i si ng agen I'ng cross |1 nking conditions
Al ternativel ;preparadee@eqrﬁmetcctbapweﬁgﬂtme ian foseisegp Pl afNigneMNBNS/ mer natural |y

bearing a cross |i\gkalhg tf)%‘%\/%@'dsbé/ct' thet hﬁerﬁfoﬁsﬁaﬂ@esoé ARctionalise@t or to
hydrophilise the polyner. Prefera gnality is a

doubl e bond whﬁ*r@r@?%?@aqcﬂ@merf%@g)érﬁﬁﬁ%“‘@“‘r‘ﬂ?d?rdﬁﬁ.aF PO unc‘i&&”ﬁ‘?” i s” PVP.
Preferably the Crsb\&eordimgli@lamgelgmmhpéd:tpths inventioh peovidaea fuseticblised i ni ti at or

and/or cross _|linkin rad ation |::af e.
According to "éF“?*ﬁ?'?eﬁ ?CCOEde tﬁ ﬁets?’@ﬁﬁgp od\gll férje%Eg{ %%‘?ﬁf%% %Pwiflﬁgt
hydr ophi |'i si rbgacm;twblarfundtmab:ﬁadmﬂabram or uI trafiltrati on nmenbrane

conprising the steps of: 25 i) treating said halar mcrofiltration or
ultrafiltration nenbrane with a m nate HCl and produce a base

treated pol ymREST MEEHOP)OR ?%%E@RUI%%THEB%MENT'%t ed polymer with PVP in the
presence 1@f a Crogfe pldsBitiim@niidh i§ tidtlegedterd @it fs3pect Rpaymericcr of i | tration

or ultrafilt ru?tFa#"ﬁ’er.o”ne rwa)mglranegvI ort nrwllcroflltratlon membranes. However, it will be
appreciated by those skilled in the art that the method can be applied to any
appropriate polymeric material where modifications of the kind described are
desirable. Any article prepared from a suitable polymer may be hydrophilised in
20  accordance with the present invention.
As mentioned above, the present invention can be carried out upon any
polymeric microfiltration or ultrafiliration membrane which bears at least one X
group; and may be a wholly or partially halogenated homopolymer, copolymer or
terpolymer, one or more wholly or partially halogenated homopolymers, copolymers
25  or terpolymers, or a blend of one or more wholly or partially halogenated
homopolymers, copolymers or terpolymers with any miscible non-halogenated
polymer, polymer blend or polymer mixture.
Specific examples of halogenated polymers suitable for use in the present
invention are PVdF (poly vinylidene fluoride) homopolymer, for example Kyriar ®,
30 Solef ®, Ethylene-chlorotriflucroethylene copolymer (Halar) or Ethylene-
chlorotrifluoroethylene terpolymer with n-butyl acrylate (Halar XPM2); terpolymers of
Vinyl Fluoride/Chloride; Vinylidene Fluoride/Chloride; Hexafluoropropylene,

Chlorotrifluoroethlyene, Tetrafluoroethylene.



crosslinked surface coating of PVP. 30 Preferably the initiator is a
persul fate anion. According to a fourth aspect the invention provides a
halar mcrofiltration or ultrafiltration nmenbrane with a crosslinked
surface coating of PVP. Preferably, the nenbranes of the present invention
are asynmewa 906/00e47hr anes, whi ch have a | arge pore facBCHAH2085MES| pore
face, and a pore size WO 2006/ 002479 P/ AU2005/ 000975 8 gradi ent which
runs across the nenbrane cross section. The nenbranes may be flat sheet,

or nore preferably,, hold.pi & ERBES |ﬁ5‘é}ﬁg bitedo haldrt fheaspect ,
t he i nvention prov}? dﬁg4 A uéndct:'tglﬁolr!\lgglrage P L R rgd accrgrgl ng to the

present i nvemosorieiered WOPW fifee W%PV?’F'P% ] %ﬂr ‘%\gd 15318"1? Y% i1 tration of

water and wagh 2 bf ethyiRIHioR@rifubroathgiend topelyect , the invention provides a
functionalised menbrane prepared according to the present invention for
use as an affinity menbrane. According to a seventh aspect, the invention
provides a functi qoB}-CEedC@GIf)ane prepared according to the present
invention for use as protein adsorption. 10 According to an eighth aspect,
the invention provides a functionalised nenbrane prepared accoro‘1 ng to the
present i nvent i onHaler meskranes iprtar fors eEhqilay dibres Mgre HPBedATRRIdiNg tg the

functional i S%tﬁﬂ%f&%r&e@&m FRESAUMIdHOR (WD dﬂEﬁE@BMnNGL\UHE’&BMMI ON 15 The

present invention I's disclosed herein with res B

Ul trafiltrat CoMoMERBMASEA GIoMmOBtes DHTEin oY f%?{eﬂg%ﬁaaé?{é% "%r%méx}‘é%d Mt will be

:gsr eci atgd lﬂyaéﬂib@ﬁ:ﬁerﬁ Kickd étthet mnctdmraadsrt (M) atentthrenesddroidalpare dize sappl i ed to
appropr po L e ki

described ar@ §’W'égﬁtéaﬂ°%@ rﬁbrlae pbgmigrg@(?fr%%%ém g%zﬂmi [;?e poInSmar may

be hydr ophi | |pslgnher ihalaf) uaentfor bieth oembirarie tynes wasddastieali nventi on. As menti oned

above, the presen pPd b4 C
mcrofiltration oIrA ha F\beﬁsg\?ﬁﬂ(ﬂ@ &%é gﬁgegwaccg&%gar S Eredpfmegrat&rtgne X

group; and may thig Oﬁptvwﬁlt'le?f%la reaption BetweerhBY D gath ahensRd mef:opol yner
ggpolt %g(r%g,y Meifst nSEHRd B8 b BreSteWNDhd firsOstediitiid Erbiass hak ageinabetbyreatmEnt yrer s,
of halar with a concentrated solution of sodium hydroxide to generate double bonds
(via dehydrohalogenation) on the membrane surface that cén react with radicals.
The elimination of HX, which in the case of halar is HCI, was more specifically
carried out by treating a preformed polymeric ultrafiltration or microfiltration membrane

20  with a 20 wi% caustic solution at 80-120°C for a period of between 30 minutes and 4
hours. The membrane was then removed from the caustic solution and rinsed with
water for 1-2 hours, until the pH of the solution was neutral. The fibres underwent a
colour change from white to dark beige/brown during the caustic treatment, known
from experience to be evidence that double bonds are forming.

25 The effect of the length of exposure to caustic solution was investigated and
it was established that fibres treated for two hours or longer in caustic were wetting
in water after post treatment.

The conditions for successful modification of the halar membrane were found
to be unexpectedly mild. Halar UF membranes could be successfully made

30  hydrophilic by initial treatment of the membrane with 30wt% caustic at 40°C for
168hrs (7 days), followed by a treatment of the membrane with PVP at 40°C for 2
hours. The reaction was accelerated by using higher temperatures, but the
permeability was detrimentally affected in the case of UF membranes.

Once the caustic treatment was performed, the membrane is then allowed to

35 react with PVP and free radicals arising from an initiator such as persulfate.



25 or terpolymers, or a blend of one or nore wholly or partially

hal ogenat ed honopol yners, copolyners or terpolyners wth any m scible

non- hal ogenated pol ynmer, polymer blend or polymer m xture. Specific

exanpl es of hal ogenated polyners suitable for use in the present invention
are PVAF (sl 3006/h0247bi dene fl uoride) honopol yner, for eRERpPIWONYMEES (r), 30
Solef (r), Ethylene-chlorotrifluoroethylgene copol yner (Halar) or Ethylene
chl orotrifl uoroethyl ene terpol yrrer with n-butyl acrylate (Halar XPM2);
terpolymers of  Vjayl 1e@q#ﬂuaq ﬁ%h&%ﬁg r&ﬂwd‘%&h%’ﬁr@@erﬁ' irertiof @i ori de;

Hexaf | uor opr opyl ene, or oe ene | uor oet hyl L£ne. WO

2006/ 002479 FETMAURTOS PODELES H»@raﬂwms#@@ﬁ{ PrPRRFESF: 3G FNEINICR! Bt ECr i bed
with particulg ?ﬁea{r?écrﬁ)eﬂ}%e&t@d hﬁbélhon—bblﬁmséﬂ)é‘dmpﬂﬁs&éﬂéd for Veasmpjeotich of t he
present invention is a l:1l alternati ng copol yner of

et hyl ene- chl 8% ¥RV P 3ot oet hyl ene copol yner . -(Cl12-Cl 12-CCl 2-CCl F) ¢ Hal ar
menbr anessi n the frayss) ieflarimenhiodsndsidoe leinte be epp@patoe*dgfamemaﬁgnst@f t he

met hod di scl osed_in P he
contents of WA 'c?ﬁrsz%eecl?@g%%ora dT&ééQQ%%l%‘éégé tg?gﬂgéudgé ﬁ%&rrbr anes
used in 10 thbamn@efmmmmwﬁlbuh@'ﬁ algp kpewn tordegrads i ViPweyd ‘P?é‘nbr anes

(nomi nal - por %Itrﬁlné% any a&v%n@ge% th‘d’e‘é bt ikt sy SEhO Whérefile PRPRIABSUNIR®M nal pore
size = 0.01 hal ar, used for both nmenbrane types was

i denti cal . Athﬁamémbfﬁé%r ane with PVP bound to the surface was prepared. In
order toqpdo thi SBun@ﬂgﬂ{édb@tlﬁg ©3hd PEmMBraheaaifacenm Sebmiaace WMtfRthapesetther wi se

i nert hal ar pol needed, t C i p in the
process was ('fa’fegti"’é’derl?f’eso\bef‘?séséq%r??t%?'yg %chvée?% OXT%gﬁéze%\?et" vﬁfaﬁ sol ution
of sodi um hy dhenodatiey is pajeliyenddiseddib adeersdbatdagments @f biksingriiishapely@sat i on) on
t he menbr ane r.f y on of HX,
which in the %ﬁ%’g%‘gﬁdﬁgﬁe s%ﬂ‘ch{_'g éﬂ\%"gll;l grifoe;c@gﬂstggc%lﬁn Tcgg—%ygtdgﬁlﬁdfout by
treating a pithef meme@ngol yneric ultrafiltration or microfiltration menbrane
20 with 3520 wt % caustic solution at 80-120C for a period of between 30

m nutes and 4 hours. The nenb ?n% was then renoved fromthe caustic

sol ution and ri nsExPsHimental Resylis&PISCUSSIRB s~ unti| the pH of the sol ution

was neutral. The f II o{ tﬁg eyp%‘%l.%’én sr}]ad?he same general procedure of caustic treatment

with subsequent surface modification as set out below. All percentages are by

weight.
20
1. Wetting with ethanol (if fibres are not already stored in water) (0.5hr)
2. Water wash (0.5hr)
3. Soak in concentrated NaOH solution (0.5hr)
4, NaOH treatment at elevated temperature for various lengths of time
25 5. Water wash (2-3hrs)
6. Soak in PVP/Persulfate solution (1-2hr)
7. Treatment at elevated temperature (1-2hr) in 100% humid
atmosphere
8. Water wash (>2hrs)
30 9. Soak in 20% Glycerol
MF Fibres

The reactions were initially carried out on microfiltration membranes with a
pore size of 0.1um. Samples were exposed to a 20% caustic solution at a

35 temperature of 90°C for 21hrs (overnight). The treatment was otherwise as above



col our change fromwhite to dark beige/brown during the caustic treatnent,
known from experience to be evidence that double bonds are formng. 25 The
effect of the |l ength of exposure to caustic solution was investigated and
it was established that fibres treated for two hours or longer in caustic
were wettiwg200600a2 er after post treatnent. The condi P¢HBME200H005FccessT ul
nodi fi cation of the halar nenbrane wergei{found to be unexpectedly mld.
Hal ar UF nenbranes coul d be successfully made 30 hydrophilic by initial
treatnent of . i it ° ir | P ShikdhmediBBlyref 7 days),
fol |l owed by Vgtlb{]‘ﬁ%g?_ g%?tvgt"ﬁ'gr%e%{g%ﬁﬁ%qﬁh%{\% at 40C for g hours. The
reacti on wastregdeentavtapesuldie-usi ng hi gher tenperatures, but the
perneability was detrinentally affected in the case of UF nenbranes. Once

t he caustic treatpent s perforned, th nbr a i dto 35
react with PVP arfdPfPee Wagd @ er@}’ PEY%?SG@B}%Ean@%”h?%%?%r%AW as

persul fat®. MPo2R0E00 247 SerRETIAG20051 00QCeNtHD#3 hMyting P¥D inslided: dikes

prepar ed accglding, | Qg RIS ill@Mdngn suffer  minimal loss of
properties. ‘?%/ rau |c; Mechani ca properties and chemical resistance appear
| argely unaffected. Initial non-optimsed sanples tested for Virus
rejection gave LiRY,5ade samples Werd ffiall{'@hi8d arftRiFRE@BRWNANTalidticel y to be
exposed to high concentrations of om%i sers Jei ke chl qri ng andf gzone. These
oxi di si ng agEsrtgentafresfaent wih eerspiiecY b irgatme %F‘?fga 8 Y FEAHE S e wel |

but are @ sopkAMIighPbsiggr ade PVP, and can elinm nate any advantage in
those prior art systens where the PVP is not bound to the nenbrane. 10

Bi nding the coating to the nmenbrane surface in accordance with the present
invention inproves the resistance of the hydrophilic |ayer to oxidation.
Even when the coating is partially oxidised, it appears that fragnents of
hydr ophi l'i sing polymer remain bound to the surface, beneficially affecting
the anti-fouling characteristic of the nmenbrane. 15 Experinental, Results
& Di scussion



Al'l of the experinents had the sanme general procedure of caustic treatnent
w th subsequent surface nodification as set out below Al percentages are
by weight. 20 1. Wetting with ethanol (if fibres are not already stored in
water) (0.5hr) 2. Water wash (0.5hr) 3. Soak in concentrated NaOH sol ution
(0. 5hr) 4. WR0pF/q02€8t ment at el evated tenperature for YEFABHESQ8NHEt hs of
time 25 5. Water wash (2-3hrs) 6. Soak2in PVP/Persul fate solution (1-2hr)
7. Treatment at elevated tenperature (1-2hr) in 100% hum d atnosphere 8.
Wt er wash (a-gb[_gh Mﬁgxgemggﬁg in 20% G ycerol M Fibres The reactions

were initiall V("Fll‘l‘lpd QLLt crofil i onmemranes—w-tha por-e Si ze
of 0.1 pm $anples were eﬁ%’gbd Copteel ohGentRl i i ¢ solution at a B5
tenperature|of 90C for 2#hrs (p#erni gh#d. Theatreathent Was otHerwise as
above WO 2005002479 PCT &g20051§430975 55@]. W TBsd Ne| estcepfsgon tesd al |
fibres were_mashed—i—n—et—hgr\o! for 3hrs-arediately—abter—treatngnt—w t h
persul f ate. Sntrol #1 wa 10a con%fl et el }\?nt reaP Fadd ) a?rol e ﬂgnt rol:,f:Id was a
sanple 5 expolaeﬂ"/conl y to|l the pefsulfatg2dreat pdht onky. Cpfhrol |43 had no
PVP i ncl uded 0véH‘cE’mpP§i5U fate tyeatmenfoEonsi $5¢d Ol gd NI T | &f Or jadone.
Menbr ane sa es were injtiallylwhite and turhed brpwn—onlcaustie
treat nent. @%&t"h%?ﬂs"'cw th persu|fate/ PVP treafment caused|a col pur change
from 10 browm to |ight peige. WO 2006/ 002479 PET/ AUZ®D051080975) 1812  [TABLE
I MF Experl Llﬁfate(%) 5 5 5 5 5 5

H2S04 (%) 0.1 0.1 0.1 0.1 0.1 0.1

PVP (%) 0.5 1 0.5 0.35 0.1

PVP-VA (%) 0.5 1 0.5 0.35 0.1

Total Modifier (%) 1 0 2 1 0.7 0.2

Time in

Persulfate (hr) 18 18 18 18 18 18

Oven temp (°C) 90 90 90 90 90 90

Time in Oven -

(hr) 2 2 2 2 2 2

Time Washing

(hr) 4 4 4 4 4 4

Hydrophilic

(YIN)? N N N Y Y Y Y

Permeability

(Imh/bar) 1487 0 0 517 1565 | 1473 | 1932




Control Control Control #1 #2 #3 a b ¢ d OD 650 650 650 650 650 650 650

| D 310 310 310 310 310 310 310 NaOH %20 20 20 20 20 Oven tenp (C) 90 90
90 90 90 Tinme in Caustic (hr) 18 18 18 18 18 Persulfate (%9 55555 5
H2SO4 (% 0.1 0.1 0.1 0.10.10.1 PV (/a) 0051 0.50.350.1 PVP-VA (%
0.5 1 0.5 w03m0ano2479 Total Modifier (%9 1 0 2 1 0.7 0. 2PCTIAPAR0TWOPEr sul f at e
(hr) 18 18 18 18 18 18 Oven tenp (C) 9@ 90 90 90 90 90 Tine in Oven (hr)
222222 Time Washing (hr) 4 44 4 4 4 Hydrophilic (YN? NNNYYY
Y Perneability (Inmh/bar) 1487 0 0 517 1565 1473 1932 WD 2006/ 002479

Apart {1om cont 1 oFePemaANEnoURE SHERER I Ehe G R R LR b ¢ vot
gg'cgn\é\/i tclhegkr’:llﬁmrch %N%E lwc?sﬂmfﬁbt?afa‘ndl,rtﬁ@éaeﬁblw Wwére bet bnigwiiswater.and PVP/ Persul f at e
be obt ai ned. é veﬁﬂﬂé‘ﬁ% tlﬁeealtic)de"yi%}éﬁ? ?aﬁ.{s{/@%@ F%\Kﬁe/b&%%%ﬁtéeé&\%hg %‘%ﬁg{)/Legr Clg{J/:DﬂA
5  hydrophilic, as a permeability for treated samples could be obtained.
Given that the permeability of the samples with a PVP or PVP/VA
concentration of 1% (b — d) have a permeability at least equal to the untreated
sample (Control #1), the MF membrane porosity is affected by concentrations -
greater than this. The permeability of the membrane with the lowest concentration
10  of PVP (d) is also similar to the control. This indicates that concentrations as low as
0.2% PVP are sufficient to impart hydrophilicity to the membrane.
It is clear from Control #3 that the absence of PVP prevents the membrane
from becoming hydrophilic, despite receiving an otherwise identical treatment. Thus
it can be concluded that the PVP is required to generate hydrophilicity.
15 Surprisingly however, Control #2 was not hydrophilic. This suggests that at
least for Halar membranes, it is necessary to graft the PVP to the membrane for any
permanency of the treatment. Even if the treatment had caused a hydrophilic
coating of the membrane, washing the membranes with ethanol may be the reason
for the apparent lack of hydrophilicity in the test. Any unbound PVP would wash
20 away in ethanol, particularly in these low concentrations (0.5%).
These experiments were repeated successfully with various different types of
PVP. A number of types of PVP, including K15, K30, K90, K120 and PVP-VA
(S630) successfully produced a hydrophilic fibre, a with similar results.
However PVP K15 produced the best results in terms of minimal gel
25  formation and evenness of coverage. K15 can be dissolved into water relatively
easily without clumping, and does not greatly affect the viscosity of the solution.

UF Fibres
Once it was established from MF fibres that the treatment was successful, it
30 was applied to UF fibres which typically have even smaller pores. A number of
attempts were made using identical parameters and the membranes repeatedly
became hydrophilic under identical conditions to the MF fibres. ,
However, using the same conditions as used to successfully coat MF
membranes, it was found that UF membranes lost a significant amount, up to70 10
35  80%, of their inherent permeability. Without wishing to be bound by theory, it is



concentration of s1 % (b - d) have a perneability at |east equal to the
untreated sanple (Control #1), the MF nenbrane porosity is affected by
concentrations greater than this. The perneability of the nmenbrane with
the | owest concentration 10 of PVP (d) is also simlar to the control. This
i ndi cat es WR0GWRT&Ntrati ons as |ow as 0.2% PVP are BEKAVEOPENFo i npart
hydrophilicity to the nenbrane. It is dé#ear from Control #3 that the
absence of PVP prevents the nmenbrane from becom ng hydrophilic, despite
recei vi ng anpQiR&s WhiSRis Wds alié &ithe bR Homatdendily @Bhievdd ot & hemizame | uded t hat

the PVP is required to era ro ICIt [ I however,
Control #2 ar‘i%f”‘ﬁ%ﬂ?%ﬂﬁ'fs'ﬁptiyeh%q@ OEC%E; GRS Ste r?'z%ﬂ"b'gg OIPC{ %%Si{&g gr Hal ar

menbr anes, i Varie§y ol caREsatongs tinegramtitcondeetriigPs weretinestigaigst. dhwas fguncany

per manency of { R;gengrc? %E&%glrahb%/?&lp%rgaée%uklre%@ﬁé@&{s ann8|%5§ﬁéith@ hydr Ophl lic

coating of t RS ane, was nor a hanol % be the
reason f®r térecatpian efmaus@cﬂnddlne papRcHines. ratherghaningregsinddemPeraiie- unbound

PVP woul d wash 20rangirddl efidiaraime RatibleGthamast édonbhiesat lbewr concentrations
(0.5% . These experinments were repeated SucceSSfFr'(ﬂ W|th various different

types of PVFDnCA"fFﬁH'ﬁEﬁa?re@P“?ri?fé@aﬁﬁftraﬁ‘if?f a§ RUBFFe hecoReHIO% 90, K120 and

PVP- VA (563%00%'51%3%%&%5 coniceltiste. ahdrgdregsn sdfety bormems imvolved.h si i | ar
results. However best r ul t m ni mal gel
25 f or mat i onAEYRd 89/@6?1@%{2 CBLFS%&&%Q ?3@ vapg I hSDOf% s"\"satgﬁé K%?o wat er
relativelhy eg@gbly W thout clunping, and does not greatly affect the
viscosity of the solutio Sy&st Al thes Retheftae M-
fibres that the tﬁbaf%ﬁ?erc’fg@s{é&%ﬁ ﬁﬁcHtaEgéééP v E r?egﬁ)teo UF fibres
whi ch typi cabi \yhldsmthe perselfats redtinent \qtnsrms‘ormdmm@éﬁreéfﬁed taﬂ@&ﬁﬂt"ﬁe\%'?e made
using identi AR Fb%wg&?bl’ Rl GRRALAM MenlR@BANAY dr ophi | i ¢
under identi t B@ér |°§lri1§e %’.},Qttc{]t i brera% lI—|oweve)?ﬁ}'nus| ng t he sane
condi tions asretmwttlrbtablsc?cessfully coat MF nenbranes, it was found that UF
menbranes | ost a significant amount, up to 70 to 35 80% of their inherent
perneability. Wthout wi shing to be bound by theory, it is WD 2006/ 002479
PCT/ Al 1 2005/ 000975 14 believed that this was due to the doubl e bond
density achi eved at the nmenbrane



surface being not sufficiently high. In order to increase double bond
density, a variety of tenperatures, tinmes and concentrations were
investigated. It was found possible, and nost desirable, to increase
doubl e bond density by increasing the 5 concentration of caustic and the
contact ti wes2006/@e41®@r t han increasing tenperature. ThBCEABIOEYPI7EXxposur e
tinme possible is the nost econom ¢ but {gower concentrations are better for
mass transfer as caustic solutions beconme nore viscous with increasing

concentrati 0'8%5 E«ir SKufisso safety concerns involved. Around 20%to 30%
caustic at 4

or varylng lengths of tinme was fouynd to be 10 syitable. The

remai nder of the treatnent was unchéﬁ@@ﬁ,‘@xcéﬁ& GER ﬁ% t gfiperjat ure at
whi ch the pers@itate treatnent was [perforfred s décreaged (o 40C in line
with the tenpegature—ef—the CaUSt;uﬂbdvaqyﬁftﬂmaiqoaﬁ 305 Q%othe
experinents pefforned are set out [in tahle 2 WDI12006400247 6
PCT/ AU2005/ 000915 15 TABLE 2 - UF §%8sull 62 ddfifer ¢F*4b| P 1 E%%a pa 2 3 5 7
7 OD 1050 105)N¢u¢@%ﬂ050 1050 1050 ID 622 622 62206223622 822 | NaCH (%
20 20 20 30 30 4040740 4o e 0T Cagrst & (Nr) 95 120
168 72 72 Per $U “E'Eeg‘bf(%’ 55555 tpsh (% 0.10.110.12b191 PW KI5
(% 0.5 0.5 0. E)Tm.e@@ﬁ@'c Total Mdiffier (%9 0.5 0.5 0.5 0.5/0.5| Tine in
Persulfate (hrjwh 1 2 1 1 Tinme in joven |95 |120 |168 |72 72

Persuifate (%) 5 5 5 5 5

HaSO4 (%) 01 (o1 |01 0.1 0.1

PVP K15 (%) 05 |05 |05 |05 |05

Total Modifier (%) 05 |05 |05 |05 [05

Time in

Persulfate (hr) 1 1 2 1 1

Time in oven

(hr)y . 15 |15 |15 |15 {15

Oven temp (°C) 40 |40 40 40 40

Time (hr)

Washing 17 0.5 2 17 17

Time (hr) in

20% glycerol 2 2 17 2 2

Hydrophilic

(Y/N)? . N N N N Y EtOH

Permeability

(Imh/bar) 147 82 |123 |69 33 68

% Of Ethanol permeability 49%




(hr) 1.5 1.5 1.5 1.51.5 Oven tenp (C) 40 40 40 40 40 Tinme (hr) Washing
17 0.5 2 17 17 Time (hr) in 20%glycerol 2 2 17 2 2 Hydrophilic (YIN)? N
NNNY EtOH Perneability (Inmh/bar) 147 82 123 69 33 68 % O Et hanol
permeability 49% WO 2006/ 002479 PCT/ AU2005/ 000975 16 TABLE 2 - UF Results
(cont.) Cowowbs/@R472b 2c 2c¢ 2d 2d 8 8 9 9 10 10 OD 1BEDAUBEHNYS0 1050
1050 1050 1050 |ID 622 622 622 622 622 @22 622 NaOH (% 30 30 30 30 30 30

Oven-Temp (C) 40 40 40 40 40 40 Time in Caustic (hr) 96 96 144 144 168 168

Persul fate (WEQS_%ﬁgésﬁts(%@ (% 0.1 0.1 o 1 0.1 0.10.1 PVP KI5 (%
5 ) . a 0

0.5 0.50.5 Tot difier (99 0 5 0.50.5050.5 Tine
in Persulfate (hr) 1 1 2 2 2 2[Coing 2Pn ¢¢Bn ﬁ?) 12 1% 1|8 105 1.5 1.5
Cven tenp (C) 40 40 40 40 40 4 8 8 9 9 10
oD 1050 1050 | 1050 | 1050 | 1050 | 1050 | 1050
1D 622 622 622 622 622 622 | 622
NaOH (%) 30 30 30 30 30 30
Oven Pemp (°C) 40 40 40 40 40 40
Time in Caustic
(hr) 96 96 144 | 144 | 168 | 168
Persulfate (%) 5 5 5 5 5 5
H2S0, (%) 0.1 0.1 0.1 0.1 0.1 0.1
PVP K15 (%) 0.5 0.5 0.5 0.5 0.5 |05
Total Modifier (%) 0.5 0.5 0.5 0.5 05 |05
Timein
Persulfate (hr) 1 1 2 2 2 2
Time in oven
(hr) 15 |15 |16 |15 |15 |15
Oven temp (°C) 40 40 40 40 40 40
Time (hr)
Washing 0.5 0.5 2 2 2 2
Time (hn)in
20% glycerol 2 2 2 2 2 2
Hydrophilic
(YIN)? N Y EtOH | Y EtOH | Y EtOH
Permeability
(Imh/bar) 147 52 82 98 121 | 71 80
% Of Ethanol
permeability 64% 81% 88%




Time (hr) Washing 0.5 0.5 2 2 2 2 Tinme (hr)in 20%glycerol 2 22 2 2 2
Hydrophilic (YINN? NY EtOHY EtOH Y EtOH Perneability (I nmh/bar) 147 52 82
98 121 71 80 % O Ethanol perneability 64% 81% 88% WO 2006/ 002479
PCT/ AU2005/ 000975 17 The sanples that were treated with 20% causti ¢ showed
a signific¥1006002479ht er col our than those treated wit RCBO4RUHIMTc for the
same period of time. This is a clear iiAdication that the surface double
bond density has increased by 5 increasing caustic concentration. This is
?Ihso supp;)rted by the results for hydrophili city Samples la - le received
e sane treatnent tines as 2a - 2 byt sults ar i cal
di fferent. None o}-het??@pieértf‘%é"’eie tée”‘-‘?édl"‘"ﬁ1 %@PS Wﬁ?l&oﬁfﬁdla s(?gn%\/\%ﬁﬁe fﬁel gerl es
2a - 2e had hgméry:bmgrtde;gfreee;tr@étemwmm%ubémsd:chrxhemmmr!p@pfrtm'fhlﬂy of
sanpl es 2a -iér %arléill}r)%? hgﬂhgg gdg@:ge @ér‘aedeng\ffﬁés%rea‘%ab ethanol to

assess wheth i on was ore col’l apse or non- wetting.
Presum ng5t hecmaﬁlbg esustiqaehcaetiatiher col | apsed nor suffered from pl ugged

pores (which shoufgls Ry fisdieal) il s BIophiliaty Surhyaen v e | abl o
perneability f? a sp egl b9 bre ganger‘gs gul ybe related (within the

nor mal mar gi f@ek‘ﬁ?d @Prsém)? tﬂeét’ﬁerﬂét'fﬁ%?% ttﬁ?f"eﬁ”' W AAHIPERABY oughl y with

ftpalnol Theﬂbuﬁ‘léﬁé?ﬁN@néthﬁé b@r(é@hbﬁ1551176%!h;ZHrbﬁ'ulmbwlare\,tbﬁlsénesabe{Zelhag the % of
otal perneabiljity avai thanol wet) that was obtained by wettin
with water, YRV8gZegRes ¢f f°868E f¥ed to caustic, and in fact a very cl egr
rel ati onsti p exi sTi feemestsity ofsanipes@ah- 2sfwas measured3Béere audaftes weiido 20 t he

wat er - wet pey aeafh |4ty 2l BYAL AR ah{ b atioRSvad daE RPSUrE bARPSE orlrd@- t ot al

perneability
wettmg

Presuming the membrane had neither collapsed nor suffered from plugged
pores (which should be evident in all samples) the maximum available permeability

15  of a specific fibre sample should be related (within the normal margins of error) to
the permeability after wetting thoroughly with ethanol. Therefore a relationship
should be observed by plotting the % of total permeability available (ethanol wet)
that was obtained by wetting with water, versus the time exposed to caustic, and in
fact a very clear relationship exists between the length of time in 30% caustic and

20 the water-wet permeability (hydrophilicity) as a proportion of the total permeability
(ethanol-wet).

The longer a sample was exposed to 30% caustic at 40°C before PVP
treatment, the more hydrophilic the final membranes were. This supports the theory
for increasing surface double bond density of the membrane.

25 Even more importantly, the permeability of sample 2e is approximately 90%
of the available permeability, close enough to the available permeability of the
sample (within experimental error) to be considered fully hydrophilic.

While the invention has been described with reference to particular

- embodiments, it will be understood by those skilled in the art that the inventive

30 concept disclosed herein is not limited only to those specific embodiments

disclosed.



(et hanol -wet). The | onger a sanple was exposed to 30% caustic at 40C before
PVP treatnent, the nore hydrophilic the final nenbranes were. This
supports the theory for increasing surface double bond density of the
menbrane. 25 Even nore inportantly, the perneability of sanple 2e is
approximately 90% of the avail able perm,??bi lity, close enough to the .
avai l abl e perneability of the sanple (wthin experinental error) to be
consi dered tuAIMShydrophilic. Wiile the invention has been described with
reference to particular enbodinments, it will be understood by those
skilled in tthe Armethbdibf ddating a\pelyhier ®eadty atdeast phe X ggolpaediatieastioneiHs not
limted only to those specific enbodi nents disclosed. 18 CLAIMS 1. A
nmet hod of coamprigingatheGitepEfrirdating saig palyniee adth anraetivatigy @gpnictoderabved HXditonone
H, conprising the step of treating said polynmer with an activating agent
to renove Hhef paymerttb @rquucy arreadtive polychec.canal reactingisairl pattivesolynsardvitheact i ng
said reactive polyner wwth a 5 reactive coating to produce a coated
pol ymer ; swhesaetive catidg teprotiuseea coated pglyner;avhdngid saidhreadtive gohtyngeis aand
wherein X is a halogen. 2. A nethod according to claim1l wherein Xis F or
G and at | agdrbphilicepdtymér. andl windrbinX Beritaiegeny to claim 1 or claim 2 wherein
the polyner has at | east one X bonded to a carbon in a position ato a
hydrogen. 10. 4. AAnetebdactoadicgtaddlaion bwheireX ds F bh€l amdatdeastgone Hai ns wher ei n
the pol yner which bears at |east one X group is a wholly or partially
hal ogenat ed3homapedtiioaaccoedipptoyei@im 1 or clhiar P ahgrai therpolyniErdad at kestenfe X 5. A
met hod according to claim4 wherein the wholly or partially hal ogenat ed
honopol yner boredgdab wrearbadrin tagiogitiby iEto adiydeogehend t hereof further conprises a
m sci bl e 15 non- hal ogenat ed pol yner, pol yner blend or polymer m xture. 6.
A nmet hodioacgor di Agnéthodiagcobdieg ahy dbieofthe pestiedipg Aarnswhetedt therpolyneerpdlighrer
Is pvdf (poly vinylidene fluoride) honopol yner,
et hyl ene- chbedretat ichbiunedegivyp e whohobrypertially (Haidganated homopolymer, copolymer
et hyl ene-chl orotrifluoroet hyl ene terpolymer with n-butyl acrylate,
t er pol yner sooterpolinigtior &l blerd tHedeoh| ori de; vinylidene fluoride/chloride,
hexaf | uor opr opyl ene,

5. A method according to claim 4 wherein the wholly or partially halogenated

homopolymer, copolymer or terpolymer or a blend thereof further comprises a miscible
15 non-halogenated polymer, polymer blend or polymer mixture.
6. A method according to any one of the preceding claims wherein the polymer is
pvdf (poly vinylidene fluoride) homopolymer, ethylene-chlorotrifluoroethylene copolymer
(Halar) or ethylene-chlorotrifluoroethylene terpolymer with n-butyl acrylate, terpolymers of
vinyl fluoride/chloride; vinylidene fluoride/chloride, hexafluoropropylene,
20 chlorotrifluoroethlyene, tetrafluoroethylene.
7. A method according to any one of the preceding claims wherein the polymer is a
polymer resistant to base attack containing and produced from one or more of the
following monomers: chiorotrifluoroethylene vinyl fluoride, vinyl chloride; vinylidene
fluoride/ vinylidene chloride; hexafluoropropylene, chlorotrifluoroethlyene,
25 tetrafluoroethylene.
8. A method according to claim 7 wherein the polymer is or poly (ethylene
chlorotrifluoroethylene), Halar, a 1:1 alternating copolymer of ethylene and

chlorotrifluoroethylene, and having the following structure:



20 chlorotrifluoroethlyene, tetrafluoroethylene. 7. A nethod according to
any one of the preceding clains wherein the polynmer is a polyner resistant
to base attack containing and produced fromone or nore of the follow ng
nononers: chlorotrifl uoroethylene vinyl fluoride, vinyl chloride;
vinylidene fluoride/ vinylidene chloridg' hexaf | uor opr opyl ene, .
chlorotrifluoroethlyene, 25 tetrafl uoroet?‘uyl ene. 8. A nethod according to
claim7 wherein the polyner is or(-gblCH,€lFGHGEHE),- chl orotri fl uor oet hyl ene),
Hal ar, a 1:1 alternating copol yner of ethylene and

chl or ot ri f | gor oeAydthoacandind tovaryopriehsf thieoprleowding claimswberein: thd Activating
-(-CH2-CH2-CFCI - CF2-), 9. A nmethod according to any one of the preceding

cl ai n8 wher ggentiswbasd.i vating agent is a base. 10. A nethod according to
claim9 wherein the base is an alkali earth hydroxide. 5 11. A nethod
accor di ng t ¢0.cl anméthodbiegoeding tohaaim &k whéregrathttbaby &rayxalkldi esthsodraxde.
potassium lithiumor calcium hydroxide. 12. A nethod according to claim?9
wher ei n the1haseAinsetasd a¢doading teedlaim H0 Whereithethe alk3li edrtirbydroxidaéscsmdiirmg t o
claim 12 wherein the alkali metal al koxide is sodium nethoxide, sodium

et hoxi de, spetassiurpy ibpion atealchupt Agdroxide.net hoxi de, potassium 10 et hoxi de,
pot assi um propoxi de. 14. A method according to claim9 wherein the base is
an ami ne basz. 1A méhokatmtdiag wotlaimm@wheretl thebaid isdrealkalimetabalkodidee base is
tetraet hyl ene pentam ne. 16. A nmethod according to any one of the

precedi ng chai nsAwhethed acdobding ®astdinvi2 whdreipcthy mtkali betal alkaxide is$adilbond.  17.
A net hod according to any one of the preceding clainms wherein the reactive
coating i s mM¥éhoxit, saliume ethostidecssmiiuhh pepporidanyotassuro inetiexide;, potedsiogp cl ai ns
wherein the reactive coating is reacted to the reactive polyner in the

pr esenceaoof ethbxité)i gotadsium pdPodi@e. A net hod according to claim 18 wherein the
initiator is persulfate (S20 2). 20. A nethod according to claim 18 where

t he persul f a4.e i A methdda&cdoeding tof clgiot iwhénein the base is an amine base.

15. A method according to claim 14 wherein the amine base is tetraethylene
pentamine.
16. A method according to any one of the preceding claims wherein the reactive

15 polymer bears a double bond.
17. A method according to any one of the preceding claims wherein the reactive
coating is PVP.
18. A method according to any one of the preceding claims wherein the reactive
coating is reacted to the reactive polymer in the presence of an initiator.

20 19. A method according to claim 18 wherein the initiator is persulfate (S2069).
20. A method according to claim 18 where the persulfate is in the form of potassium
persulfate, ammonium persulfate, sodium di-persulfate or sodium mono-persulfate.
21. A method of hydrophilising a Halar polymer comprising the step of modifying the
polymer to incorporate a cross linkable group, where applicable, and treating said

25 polymer containing a cross linkable group with a cross linkable hydrophilising agent,
and applying cross linking conditions.
22. . A method according to claim 21 wherein the cross linkable group is a double

bond.



persul fate, ammoni um persul fate, sodiumdi-persulfate or sodi um

nono- persul fate. 21. A nmethod of hydrophilising a Halar polyner conprising
the step of nodifying the polynmer to incorporate a cross |inkable group,
where applicable, and treating said 25 polynmer containing a cross |inkable
group with a cross linkable hydrophilisig agent, and applying cross .

| i nking conditions. 22. A nmethod accordi % to claim 21 wherein the cross
li nkabl e grogip i A ndetBsdBtcdrdiRgRcklair21 8322 whereinithel caoss tinkkbleghytdooptilsing 21 or
22 wherein the cross |inkable hydrophilising agent is PVP. 24. A nethod
according tagétai PVEl to 23 wherein the cross linking conditions involve
the use of an initiator and/or cross linking radiation. 5 25. A nethod of
hydr ophi | i sppng aAhadtRéd Btdokdihd td ¢lgil 2Ntod3 whdreinfthé tioas lickingreoriitone
conprising the steps of: i) treating said Haler mcrofiltration or

ul trafiltraniee FReTanWitidtoPakierecréss linkingadiatien. HX and produce a base
treated polyner; and ii) treating said base treated polyner with PVP in the
presence s0f 26 cr aswethodéi HydiropkRisingid Hatkomickfiltpatiod we altafiliatier membrane
mcrofiltration or ultrafiltration nenbrane with a crosslinked surface
coating of Edfffprisify thAstdpsaf; microfiltration or ultrafiltrati on menbrane
prepared according to the nethod of claim?25 with a crosslinked surface
coating of FHVP. Rdating saRIMENGIAETHEItdN b ult@fitatidrmafbrrane Wieh & base of an
asymmetric nenbrane. 15 28. A nenbrane according to claim27 in the form
of a flat shpfhated¥X akd pRILESEDasE GostdH Polyiner,cdrdi m 27 in the formof a

hol | ow fibre. 30. A functionalised nenbrane according to any one of clains
26 to 29 fofy usefredting saltPodBeareatdd pdlghéramitroPVRIir thefprédenaé bba cralss liskiey  and
wastewater; as an affinity nmenbrane; as protein adsorption; or in
processey I piididritd groduce & GiEmkRnibloflitratiorCoi Winatlitrstion m@nbraas edth a crosslinked

surface coating of PVP.
26. A Halar microfiltration or ultrafiltration membrane prepared according to the
method of claim 25 with a crosslinked surface coating of PVP.
27. A membrane according to claim 26 in the form of an asymmetric membrane.
15 28. A membrane according to claim 27 in the form of a flat sheet.
29. A membrane according to claim 27 in the form of a hollow fibre.
30. A functionalised membrane according to any one of claims 26 to 29 for use: in
the microfiltration or ultrafiltration of water and wastewater; as an affinity membrane; as

protein adsorption; or in processes requiring bio-compatible functionalised membranes.



