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I nversi on nmenbranes are particularly we suited to the application of

renoval of {9 thesdate ghtherrosinaen general knowledge
Synthetic polymeric membranes are well known in the field of ultrafiltration

and microfiltration for a variety of applications including desalination, gas separation,
filtration and dialysis. The properties of the membranes vary depending on the

15 morphology of the membrane i.e. properties such as symmetry, pore shape, pore
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. Microfiltration 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 technique to minimize the size of the apparatus used is to form a
membrane in the shape of a hollow porous fibre. A large humber 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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As well as the microstructure, the chemical properties of the membrane are

15  also important. The hydrophilic or hydrophobic nature of a membrane is one such
important property.

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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15  immersed in precipitation bath such as water. This causes separation of the

homogeneous polymer solution into a solid polymer and liquid solvent phase. The
precipitated polymer forms a porous structure containing a network of uniform pores.
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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Halar and related membranes have extremely good chemical resistance to

species such as chlorine, peroxide and ozone, and are stable over a wide range of

15  pHs (0-14)

Processes used to produce 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 = 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 polymeric membranes made from halogenated polymer such as Halar



often called a |latent solvent for the polymer. The solution is cool ed and,
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functionalisation or chemical modification, and for this reason, has not been used as
widely as some other membrane forming polymers which are less resistant to
15  environmental degradation. Attempts to hydrophilise Halar in the past have proved
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 requireé 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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Preferably, the polymer has at [east one X (halogen) bonded to a carbon in a
15  position a to a hydrogen, that is, it is preferred if the X and the H are on adjacent
carbon atoms.

Specific examples of halogenated polymers suitable for use in the present
invention are PVdF (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

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

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, chlorotrifluoroethlyene, 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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Accor di ng t@ﬂ“?ﬁ%ﬂc%eﬁé@ac@ﬁ%““ nl?rﬂ‘?‘ﬁ\?”ﬁ'r‘%@f‘gg?a"é{’grrﬁ'gﬂ YOFT coating a

containing a cross linkable functionality with a cross linkable hydrophilising agent,

15  and applying cross linking conditions.

Alternatively, a reactive coating in can be applied to a polymer naturally
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 ultrafiltration membrane comprising the steps of:

25 i) 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 pore face, and a pore size



pol ymer conprising the step of treating said polyner with an activating

agent to produce a reactive polyner, and reacting said reactive polyner

wi th a resotneoesaati ng to produce a coated pol yner. PretCeraalbos/ooodre

pol yner bears at |east one X group, whege X is F or O, and at |east one H

The pol yner which bears at | east one X group may be a wholly or partially
ol or ter nore who

hal ogenat ed honopol yper, co mer ol yner, e or L1y or
partially ha'iagﬁé‘ﬁ}ﬁ’i‘éﬁ r%’b’?’rﬁcﬁgﬁl p;ée,mtg.’rab%p&%%ct[ﬂn. %FFSBEF'Q%PES, MY P bl end
?f onle or Wﬂét_%tmﬁéﬂ?b}Bﬁo_@pr!@ﬁirékblﬁ'Ho!dmh?ﬁbﬁgﬁeﬁlb?ﬁheb.lomp0|yWE]fS, copol yners or
erpol yners wi any m sci bl e non- hal ogenat e [, r bl end or
pol ymer i xture. Aﬁ?‘éﬁd@gé‘b? ,h?‘F@Cbgiey'ﬁ\%m'ﬂﬁ?r%(%%ﬁégﬁ?dt'(?ﬁ%@%?ﬂbb@%%)
bonded t o ap@paR@ALcterdmgRe HHel pregentinientniTytisege the rhieadiiliiagioniahdi s pref erred
if the X and the H are on adjacent carbon atons. Specific exanpl es of

hal ogenat edUH8INAHPLOINAIELHIEVATISPWRHER i n the present invention are PVAF
(poly vinylideneattaging @eh sixeimapeby RS invdriion erovites @ fictidnallsey nemiSahef (1),
Et hyl ene-chl orotrj fl uor oet hyl ene copol yner éﬁHaI a%r{) r.

Et hyl enechl B?eﬁﬁﬁde%@PB@ttﬂWee?fés?%FﬁﬁmmPr &35 -ﬂﬁ?'w MEPPIANS: e
terpolymers of Viagydrdifh U iadeéfemtiprdsgect, héihichaoe droviass deff@itiondlided

Hexaf | uor opr opyl ene, | orotrifl uoroethlyene, Tetrafl uoroethyl ene, Mst
pr ef er abl y, MEARI#$ @;ﬁg@rep acepifing :co e pﬁﬁegt |(1}éqr}§|9p iq{élse as proﬁelnyadsorptlon.

chl orot {g f | uor oenRydr8iRg ko aeighth RbET hatinRatsIRoliYees fakti@idiyéene and
chlorotrifluoroethyl ene, and having the follow ng structure:

- (- CHe- CH2- tegbraeRrepRredeRarding RN Presept PURniRR forlss i PRRESEs "BMLE %t t ack
cont ai ni ng  fo-doppBELIefliRtonalised membranes.

BEST METHOD OF PERFORMING THE INVENTION
15 The present invention is disclosed herein with respect to polymeric
ultrafiltration membranes or microfiltration 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 ultrafiltration 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  orterpolymers, 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-chlorotrifluoroethylene copolymer (Halar) or Ethylene-
chlorotrifluoroethylene terpolymer with n-butyl acrylate (Halar XPM2); terpolymers of
Vinyl Fluoride/Chloride; Vinylidene Fluoride/Chloride; Hexafluoropropylene,

Chlorotrifluoroethlyene, Tetrafluoroethylene.



and m scible wwth one or nore of the foll ow ng nononers nmay be used:
chlorotrifluoroethylene vinyl fluoride, vinyl chloride; vinylidene

f 1 uori de/woiznge/doczne chl ori de; hexaf | uor opropyl ene, PCT/AU2005/000975
chlorotrifluoroethlyene, tetrafluoroethylene. Preferably, the activating
agent acts to renoves HX fromthe polynmer to produce a reactive polyner.

Preferably, the activating agent. is a base. Preferably the base is an

al kali earth hydﬁ?ﬁﬁ’rﬁé‘?nt PRI ib&‘iileécfr?’?gMgipﬁmcu%f)f%%@mﬁﬁoﬁaﬁf’ﬁﬁ%m or

cal ci um hydinexti fleferréd tathpaindwstkhe presunt asetiomayHde iaa 1al diehiatingt al  al koxi de,
such as sodi unlyrreth x'bo‘e, sodi et hoxj de, sqdi um propoxi de, pot assi um

met hoxi de, FRACHEST Ghetay'REkrPRyarot IHP@§&VGH?ﬁPBC8W?rde and the like. As a
further alternative, a strong am ne base naybe used, such as tetraethyl ene

pent am ne. Preferapl e ln.its reactive form the polyner bears a
doubl e bbnd. Pr eﬁgﬁéﬁﬁfa 'CPE:%fEt Ive coating is a hydrophilic polyner. Mbst
preferably, the reactive coating is PVP. Preferably, the reactive coating

is reacted to the reactive palyner in esence of an,initiator, One
preferred initi atiglar membeg ||f1¥hee{orr(1 §§E§%?}Oébr§s WP RIPRHEY aPﬁ%'fd'B%?%thef ate is
in the fornnafhod@lifcsedm P@W%U%&O(HSSQW@%MMQ&}@&NAlat6635mghwm

a second as t, th

nvent 1 on piREES! 4R AROACTPOTRE BRI HIGP REEEop SIS BURERS GGt he ot ep
]9f , }A?ﬁ% ﬁh@@éﬁg@?gﬁrﬂf@é%ﬁhé\%k&w}tmbu(mr) ihembries pesrainel pore sizes: | i nkabl e
Funot 1 onal | 05w oruiegieed (eI R BN PTG Ot ikt appl vi ng
cross |inki palymendifal,Qlded i doli makibvaetypes Wwesilehtial.coat i ng in can be
applied to a pol anglrar gwaetr#k;rglule ¥vith PVP bound to the surface was prepared. In order to
do this, opportunities for a reaction between PVP and otherwise inert halar polymer
15  first needed to be created. The first step in the process was carried out by treatment
of halar with a concentrated solution of sodium hydroxide to generate double bonds
(via dehydrohalogenation) on the membrane surface that can react with radicals.
The elimination of HX, which in the case of halar is HCI, was more specifically
carried out by freating a preformed polymeric ultrafiltration or microfiltration membrane
20  with a 20 wt% 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.



bearing a cross |linkable functionality in the presence of an initiator to
hydr ophi |l i se the polyner. Preferably the crosslinkable functionality is a
doubl e bowad 2Bveafes7abl y t he crossli nkabl e hydrophil i si ngPagat20050007P.
Preferably the cross |linking conditions,;4nvolve the use of an initiator
and/or cross linking radiation. A preferred initiator is persulfate.
According to a third aspect, the invention. provides a. nethod of

hydr ophi I'i si ng aMRdifigd manekranes Qrpa@riegﬁceqrgwpttﬁ) ﬁﬁ presetiny s AL Ehe

conpri si ng fmatieeSoiPropdriied. Hyafdung/nahshitd lppdpettiedraidi driefridal fesistdince

ultrafiltration nenbrane with a base to elim nate HCl and. produce a base
treated pol JPRS 1a5gRly PF?ﬁe(CFeé’aﬂ'?'tr'?g ngaoptipised s??‘@t?[séﬁs 5%?%}3@%3\9&1? '9BvP in the
presence of ga/Lr@gs 35 nking initiator to produce a halar mcrofiltration or
ultrafiltration penbrane with a crosslinked surface coatin f.PVP.
Preferal®y the i lYSeahdar mempranesae ﬁ‘%ﬁ%toat?ﬁ ??W.osﬂég’d?'@i’ ﬁ%nc%{?{)rﬁt'cfn&ﬂf th
aspect the pxyig8kiliRE cRIbANE H8S oorRAITAEsdxEdisihg k&t ican provide! datistbicioty at i on
nmenbrane with a crosslinked surface co?ti ng of PVP. Pr(?;eragl , the

menbr anes oflepNBY Bt BedRMPrane ME(l SHt afee& tpidegrdRirin &89 %ARi ch have a

| arge pore Epfigahyddsambhe POHEsd pid arttsydtemsdtidte SheZ RYPaglhatbounbiteh runs
across the nenbrane cross section. The nenbranes nay be flat sheet, or nore
pr ef er abl y, edneMAF3Ebr e menbranes. According to a fifth aspect, the

i nventiqf provi damdmgitHE ebatPRab tiffeMBrdteiffaps fPadcofianes AitH ittgpreserithe
present invention for use in the mcrofi Itrpit_l i% an trathi on of
digerye

on ! d yltrafi
wat er and whNERiRAEProvas s @eisiAnes ohthsiwerp rig %da}tﬁoe#t"?%w fPovi des a

functional i gRABAD RNy BRAISEE, iRESHA hat tragrhditts RF BEReShilishesdlyrosr for use
as an affinity nenbrane

remain bound to the surface, beneficially affecting the anti-fouling characteristic of

the membrane.

15
Experimental, Results & Discussion
All of the experiments had the 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



According to a seventh aspect, the invention provides a functionalised
menbr ane prepared according to the present invention for use as protein
adsor pti oNO 20@0e4fdbng t o an ei ghth aspect, the inventi oRCprAIGEHS0HES
functional i sed nenbrane prepared accordiyng to the present invention for use
in processes requiring bio-conpatible functionalised nenbranes. BEST METHOD
OF PERFORM NG THE | NVENTI ON Ihe presentw%fyeq%;opéﬁé dLscl%@gq herein with
respect t o W Paexeeptign thalell fioresiyess Washen Bifdlang! forshrsgrsdiaie’y srer

menbr anes. tHAWRYSIwithi jerdiifate.be appreci ated by those skilled in the art that
the nethod can be applied to any appropriate polyneric material where
nodi fi cations of the kind described are desirable. Any article prepared
from a suitabl e EsitioMed waBk deengately eiptrehted edmble. aCurdiolAR 0as vwisampldie present

i nvention. As nentioned above, the present jnvention ca e carrijed out
upon any pdPPaesd %”'YﬁoctIthﬂefst”ﬁé it@?t’g?“tlﬂnﬁfr ad(c?"l\{rtopéé ﬁ%%nﬂgﬁ%r'ﬁﬁgd%?@% bear s
at | east ongri@torshtmantconeitditofanidion diyner partially hal ogenated

honopol ynmer, copol ynmer or terpolyner, one or nore wholly or partially
hal ogenat ed honopol yners, copol ynmers or terpolyners, or a blend of one or

nmore whol Iy or pagimbaink)sallcadestatinthiip iie @iny irhsd beaDbry BRIssic Or
terpolynmers with any m scibl e non-h%]%%pnated polg r,ﬂgplgner | end or

pol yner ni %f%@?ntsﬂé%?tmeét wikh peyisutiate/f iR eRyBR%: Gy %g?f HECRANOEIOM: for use
i n the {pr esgbivn td g bere. are PVdF (poly vinylidene fluoride) honopol yner,
for exanple Kynar (r), Solef (r), Ethylene-chlorotrifluoroethylene

copol yner (Halar) or Ethylenechlorotrifluoroethylene terpolynmer with

n-butyl acrylate (Halar XPM2); terpolynmers of Vinyl Fluoride/Chloride;
Vi nyl i dene Fl uori de/ Chl oride; Hexafl uoropropyl ene,
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PCT AU94/ 00198 (WD 94/17204) and AU 653528,
EXPRUBISOLS at ed herein by reference. Hal ar nenbr anes

t

he

e experi ment \weoatrell thesntrdl cl Contror af | on (MF) nenbranes (nom pal
= 0.1 m) or ulgrafiltgation %yF) mepdpranes p(nominal pgre size =
The polyner, halar, used for |both nmepbraneltypes|was identical. A
F@Be with PVP|B8Und t|B%he sufblce walSOpr eplpbled. |BAC or déid0t o do
o tTes for [ajgeactiop detweem PVP gqad ol Bey W 3§1p ner(tapal af
st needed tolhe created. Th i p inthe BLOCesSS - \Was
I N&9H 4 eat mend of hal ar wi t h|2%concehtd at ed®Sol ufi28n of| Podi uf
ovaaaap ag doubl e bonds (vi agdehydrpgml ogesat i onjgoon t|he®
urface that can reactwth radicals——Fhe—el-mnration—of—5—whi ch
e B MGRUHC i s [HCI, was rmore g$pecifichlly carried|out byl treat(ng
dhpol yreric ulitrafiltration ¢ori8microfidtratil®dn nerBrang Wth a 20

Lty at 780120 0L Tor—agperi od gf —beygeenm 3G m nutes and 4
@ﬁ%ﬁ?ﬂ@o\l\as then remmved fromthe tausti¢ solutlion and rinsed
H2%04(® hourg, until|®he pH|&F the BB uti oA was |Feut r 4197 The
EPWE(%) @ col our changgpbrom White to| dark bejsge/ Brosn duwing {he
patment __known from-experienge—to—berevidencethat—goublebongs

[ .

gPV%N@(éPfect of the gﬁgth of exposuFe to ggustléngblut¢%n Was
eliotainioditier @y |est abl i shed thato fi bres2treatfdd for %o hdu?s of
'ﬁﬁ#?ﬁf%ﬁ%ﬁf?ﬁﬁﬁtiug
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
(Y/N)? N N N Y Y Y Y
Permeability
(Imh/bar) 1487 0 0 517 1565 1473 1932




in water after post treatnent. The conditions for successful nodification
of the halar nenbrane were found to be unexpectedly mld. Halar UF

menbr aneswoandabobgsuccessful | y made hydrophilic by i ni PCalAtneaboest of
the menbrane with 30wt % caustic at 400C{§or 168hrs (7 days), followed by a
treatnment of the nenbrane with PVP at 400C for 2 hours. The reaction was
accel erated by using higher tenperatures, but the perneability was
detrinentally affected in the case of UF nenbranes. Once the caustic

treatment was peWﬁ@bémﬁbabiliﬂeofrfﬁéTbérﬁﬁlesi\n&stdvalluawdlm.dAbartlfremttonWbt‘n PVP and
froman initiator such ate. Modified

];nreﬁgr ;ﬁglscg{‘véiﬁgrr”@?@%%mcﬁﬂ?@%éh? FRIMIPRYEFT W?ﬁ%@ﬁﬁ{t%wagﬁﬂf fer miniml |oss
of properties. Huisambies trdaraninasith paggtie ahi ¢3/RiRersalftebeedme eleasy ance
D LT ol 55 e U B S S BERRRRGL 5! o0 [0 VT,
to 3! gh concen: I BiviePNRatahe péﬁnﬁﬁa?ﬁt)?oflti\éeamblbgwth@ ram? oDﬁUﬁB\IA These
O L9, eSS aR AT B e SR SR Eg a BrTRIRSRA oL, ™
prior art sysheBRCHhes e1)hiee MFMémbizat pomsitd id affdcteel hecuncanteatioBs ndi ng t he
R e T e R
thr g Oﬁ?? Pglofn ISVIPchﬂ)tié alsbsirgirdr e g@dzonirbl. ammaﬂi&at?baiatfcbaw‘?‘_atimsﬁs lowas
L RO SR B u oy B gplact €1 | 21 oot g
Di scussion Al'l oftid Beachdt CoRBolt#3 thartht heserietof Garepralenis tradambrane caustic
treatment 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
(8630) 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 to 70 to
35  80%, of their inherent permeability. Without wishing to be bound by theory, it is



W th subsequent surface nodification as set out below. All percentages are
by weight. 1. Wetting with ethanol (if fibres are not already stored in
wat er) (Owehnje/@2479Mat er wash (0.5hr) 3 . Soak in concentcaiaanodsa®hd7sol uti on
(0.5hr) 4. NaOH treatnment at el evated tygnperature for various |engths of
time 5. Water wash (2- 3hrs) 6. Soak in PVP/Persulfate solution (1-2hr) 7.

vash (S2hr SeiGveaBat s ey e FaoR ROt afhedy SRASHELAL o FBRRRS, o 13I T

carried outsupfacabeingibt suftdiemny mg}fruhaanmtwmreaaemualemonedems@ 4 mm
edtoa2%caut|c tion at a |9f 900C for

Sanpl es were e ) ratur

2 r1rﬁrs (ove‘ﬁ‘i'ieyr)ﬂﬁemﬁ?{@tuﬁ% e A" \%Ecﬁrﬁﬁ?% \g%reégvegh%%}gﬁn ﬁ&vaf QU cept i on
tha}1 al | f:;]gdse@le/\@h@mmsmabm,eilhaeake feublSborsd dienmylbgir&k@as&fgttbe trealt magt
with persulfate - 1 was a conpl et el treated .sa ntrol #
was a sénpl@”@?"ﬁf?g'gﬂ OBH?@IS%P@”% %cgﬁgchpg%aﬁ]%ﬁ}%mregﬂpg, n@c?ﬁ?tg%l #3 had
no PVP i ncl uded; TR ghopestsenpbsiire tﬁﬁeﬁ@dsﬁm&lsdﬂwmbsﬁ@'ﬁnOMG mittovesror al one.
Menbrane sanples were in £.OWN_on caustl C

1t
treat ment. SANGSRYARIRPS fi% Wti?ékcg ?sz?tt@”ﬁ”%f’a? P@léstt'ﬁgﬂﬁmgéﬁﬁeectﬁ)nbe 31%ur change
from brown Jigcdub @lth uliteemngékBicEntlatMﬁ Ehaﬁarﬁwiﬁo%ﬂﬁaypemmaé)mhowgd of the

sanpl es was eval uated as-is. Apart fromcon 1, t with
et hanol , t r@roga%p%sto@@?/cec%@{lc 5;]11(3, Gt Yarving glhs of tlme was ]yva nd Y\e
10  suitable.

The remainder of the treatment was unchanged, except that the temperature
at which the persulfate treatment was performed was decreased to 40°C in line with
the temperature of the caustic treatment. The details of the experiments performed

are set out in table 2.



Al'l sanples treated with both caustic and PVP/ Persul fate becane clearly
hydrophilic, as a perneability for treated sanples could be obtained. G ven
t hat the wernwabed7vty of the sanples with a PVP or PVP/ YATaanoe@nwneesi on of
<1% (b - d) have a perneability at |easfy equal to the untreated sanple
(Control #1), the MF nenbrane porosity is affected by concentrations
greater than thls The errreablllty of the nenbrane with the | owest
concentr at i P a§ f% also similar to the control. This indicates

t hat concentratl ons as | ow as 0. 2% [RB3fitarletssufffieci éné t ¢ 2anparza

hydrophi Ii ci t y—to-therenbranre—H—is—eleay—Frgm-Conptrol—#3—that—the
absence of PVP prevents the nenbrane from'becom ng ﬁvdrophi lijc, despite

recei ving an poherw se identical tre®saent105Tn185q t| 18%h | 385 gri€flided t hat
the PVP is refpired—togenerate hydroghi Higsit Yoz SuT B STRg: Y [isowever ,
Control #2 was not hydrophilic. Thils suggestslithat lat |east flgr Hal ar
nenbr anes, it N%Ol‘r\éébssary to graft| the RV t ¢ 2Phe |#BnbrdRe fldP any
per manency of "ph& Tdn@AtdENT . EVEn Iff the [f4ceafment [kad c¢aosed4a hydrophilic
coating of the—men i h—ethanot—ay—be the
reason for the'Z5HaF tthe test. Any unbound PVP
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n
woul d wash awaghr)i n et hanol, particularly 9 thdge [|d68 conéent|r/dti qgns
-

0 ! . . N . .
o o v B e o e L he wiling e Koo oo k120 nd
PVP- VA (S630) | B1f2d%3f ul | y produced a hydr®phi|l%T fi%r e,| % wi|t! si|mi | ar
RO A RN RS s L R L R
relatively eap ‘Pt§' Nigdiee®) c1 uFrlpl ng, and dps? d° aF gaqllc; Oé%l;zcﬁt@:—ﬁe
vi scosity of .Tnumesml ution. UF Fibres

Persulfate (hr) 1 1 2 1 1
Time in oven

(hr)y - 15 {15 |15 1.5 1.5
Oven temp (°C) 40 |40 40 40 40
Time (hr)

Washing 17 |05 |2 17 17
Time (hr} in

20% glycerol 2 2 17 2 2
Hydrophilic

(YIN)? _ N N N N Y EtOH
Permeability

(Imh/bar) 147 82 123 | 69 33 68
% Of Ethanol permeability 49%




Once it was established from M fibres that the treatnent was successful,
it was applied to UF fibres which typically have even snaller pores. A
nunber ofwatzb@mpreower e nade using identical paraneterspPamAtbes/ooeaTbr anes
repeatedly becane hydrophilic under ideygical conditions to the M- fibres.
However, using the same condi ti ons as used to successfully coat M

menbr anes, d t rrenbranes | ost a significant anmount, up to
70 to 80% ABﬁﬁ; 8#%1‘?@?’ ﬁk P reability. Wthout wishing to be bound by
theory, it isbelieved that thilsComasl |d2ke t|RH he zi:oublz:: bonzu derdi ty achi eved
at the menbr ane—surface—-berng—Hot—-st fE tetegtHy i ghgthojgenpo i ncrease
doubl e bond density, a variety of tenperatures, tines and concentiations
were investigat@d. It was found030ss|i 196, | WA ntPSP |dES0r alfise,| 1020 iincr ease
doubl e bond denpity by TTNcreasigig t Mg BoNCERt Tegd0N 2 Ceatsl i[g2and t he
contact tines, rather than increasi ure. The shortest exposure

ti me possible [iNGHEnost econormi ¢ bl | owt clotfeent thti ot ard better for
mass transfer a@veaaumbl(%c:)sol ut| ons bemone| 4or €] 40 scjoas Wi 4th i|@or easi ng
concentrati on. e o—saf-ety—eoncerns—involved—Aroud—26% to 30%
caustic at 40C¢ 1fl'B?m\/ aruytf ng Iengt hs of time was| found to |pbe suitablie. The
remai nder of t|nbnNtreatment was| unchan@ed, | ¥xcept44t hat44t hel@Berpdé® atiur e at
whi ch the perslpérﬁﬂfgter(%)eat e | Was a@ﬁrr@d Wog decgeasesl 1o 5400C in |ine
withtheterrpprafurp caustic treatiment. | The details off the
experinents periSPred are set out in $hble9d TPBEE P01 U Reg Rt sTABLE 2 -
UF Results (corre\)PTHQﬂs (s/@rrpl es that wer@estriemsed (W'Sth @6% lcasst|ios showed a

significantly Lour—than—those—treate 30%caustiyc—for the
sanme period of -Wz?rn‘\s/bd%r\( ‘)JI s a clear (Iiﬁdi cgi ion 0} ha O'?he %ﬁrfgc% doubl e
bond density haBmeimcreased by | ncreasi ng lcaustj c concentfatiagn. This is
al so supported mysfishg @rgsul ts for hydyophificity. Spsaplesyla |2 le

)

a -

Time in oven

(hr) 1.5 1.5 1.5 1.5 1.5 1.5
Oven temp (°C) 40 40 40 40 40 40
Time (hr)

Washing 0.5 0.5 2 2 2 2
Time (hr)in

20% glycerol 2 2 2 2 2 2
Hydrophilic

(Y/N)? N Y EtOH | Y EtOH | Y EtOH
Permeability

(Imh/bar) 147 52 82 98 121 71 80
% Of Ethanol

permeability 64% 81% 88%




received the same treatnent tines as 2a - 2e, but the results are
dramatically different. None of the series la - le were hydrophilic, while
t he seri ew02a06/0029had varyi ng degrees of hydrophili cityCT/RR@E@MTabI | ity
of sanples 2a - 2e was neasured before gnd after wetting with ethanol to
assess whet her any devi ation was due to pore coll apse or nonwetting.
Presum ng the nenbrane had neither collapsed nor suffered from pl ugged
pores (which should be evident in all sanples) the maxi mnum avail able
perneability of Ehsfraiiéd thafl whbrearentstivith 30%Wadstirestopleataesigrfifidantiy n t he

normal margjins of error) to.th . L1t f i . ] I |
et hanol . Tﬂ'@lhtﬂrGP@uéthP@?tﬁﬁgd???Eﬁ‘gﬁ'ghn%%}gIc?aiﬂ%t}écﬁrs%g\rfg\ﬁ‘%&fungg8&{?l %\8’5@ ey%WlmE "
total per maghididdr indosdibh akt ehe firfasadbuble bpnd batsityams diireaseddbyby wet ti ng

with water, versus the tinme exposed to caustic, and in fact a very clear
rel atioﬁshi'Bcréﬁ?'EQ?%sz‘P\ﬁQB?F rﬁ‘gorf'ength of time in 30%caustic and the

wat er - \Qlelt . |toer Emfrﬁiié islta{sc( él)fiibb_tli_ﬁdm bj( trd reglitser Rydposhiiiiy.i Samplés the teot al
perneability (ethanol-wet). e. longer a.s l.e was, exposed to,.30% caustic
DL 400 bei Ereves B sAER YA S TP S b 22 10 S TR A S AP U or anes
were. This &HeBaf Nonk RetHehraey 14 or1el ware @gdioppilis,urtilediee deridsl 2a bRatiadensi ty

of the menbrane. Even re inportantly, the perneability of sanple 2e is
appr oxi mat e{3/yioggegees Egh%ﬂ?%f? Y- perneability, close enough to the

av {rj\“sl gblloedpfer lrr:sarmhé ﬂ()jér’rheﬁbilli’_iyf‘tﬂ s{a/@glrébezagwé; Was n@aperre'ﬁwmfnralaneaﬁarwettim be
i dere u rophilic. Il e the.invention has en_described wth
reference tW¥thHaienede 3 Seé‘ﬁﬂ@l?m?éﬁf‘% deyigtiqRy Was f¢e (QLs g‘?‘%&’ae 89“?’?{1332 s\l,<V: | | ed

in the art W&ghgthe inventive concept disclosed herein is not limted only
to those specifl Igre%lrrrI])’n(i)ncé;I tﬂgme%bqgr?ec é)ds ﬁglfh(e]r'é&'\a/\%sed 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.



1. A nethod of coating a polyner conprising the step of treating said
polymer with an activating agent to produce a reactive polyner, and

reacti ng wai2dov@247vi ve polymer with a reactive coating POTAIR0S000€Scoat ed
polymer.. 2. A nmethod according to claifg 1 wherein the polyner bears at

| east one X (hal ogen) gr oup and at |l east one H 3. A nethod according to
claim2 whe éﬁhﬂﬁg is F or and at least one H 4 . A nethod according to
clai m 3 whe he pol yrrer has at | east one X (hal ogen) bonded to a carbon
in a position a to a hydrogen. 5. A nethod according to any one of the

precedlngcalmswh ein th r _which be

whol Iy or Ltrtl af\Iye E\%d Bfg‘ié’ﬁ‘ﬁ'i‘ia pﬁ&E M5hSPPRESNT ps(S?RI?FJEtF Pgtsg'sp%)fygrf%up S a
bl end ther emth al acﬂ\/alfrﬁg bg@hta@pﬂfddbdﬂg réactiod polymer, wimeireadtinglsaidvbattive or

parti al l oI ymer or a bl end

hal d h
t her eof %ur??@%g@‘g e?lr%%g\?go#@girtgpé%ﬁ% ﬁﬁ?@gé’ﬁb’ 4~ pol ymer, pol ymer bl end

or polymer mxture. 7. A nethod according to any one of the preceding claim

ot hyl ene- cror of Rriethi Beery R DHORER (raelifierspors S RAPoHER

et hyl ene- chiralggeh) éﬂoup@a@bh&bgmetrer polymer with n-butyl acrylate,
terpol ymers of vinyl fluoride/chloride; vinylidene fluoride/chloride,
hexaf | uor opr opyl ene, chlorotrifl uoroethlyene, tetrafluoroethylene. 8 A

met hod fccogdi NYAtRetA6Y a€dteding td E18inP2 aeedimy icF ar Chandharieast ohbed.pol yner is
a polynmer resistant to base attack containing and produced fromone or nore
of the follow ng nononers: chlorotrifluoroethylene vinyl fluoride, vinyl

chloride; vinyli denghbd tedordlRg to/tisiH 3 dme@ncmleqfoiydmr haexéfdasiosrapx opy | ene,
chlorotrifl uoroeth| ne tetrafl uoroe met hod according to claim

8 wherein t fqgeny Rdeddo gicamhgnyn @é{oﬁ@'f’é fdoa hydrogen

15 5. A method according to any one of the preceding claims wherein the polymer
which bears at least one X group is a wholly or partially halogenated homopolymer,

copolymer or terpolymer or a blend thereof.

6. A method according to claim 6 wherein the wholly or partially halogenated
20  homopolymer, copolymer or terpolymer or a blend thereof further comprises a
miscible non-halogenated polymer, polymer blend or polymer mixture.

7. A method according to any one of the preceding claim wherein the polymer
is pvdf (poly vinylidene fluoride) homopolymer, ethylene-chlorotrifluoroethylene

25  copolymer (halar) or ethylene-chlorotrifluoroethylene terpolymer with n-butyl acrylate,
terpolymers of vinyl fluoride/chloride; vinylidene fluoride/chloride,
hexafluoropropylene, chlorotrifluoroethlyene, tetrafluoroethylene.

8. A method according to any one of the preceding claims wherein the polymer

30 is a polymer resistant to base attack containing and produced from one or more of the
following monomers: chlorotrifluoroethylene vinyl fluoride, vinyl chloride; vinylidene
fluoride/ vinylidene chloride; hexafluoropropylene, chlorotrifluoroethlyene,

tetrafluoroethylene.



chlorotrifluoroethylene), halar, a 1:1 alternating copolyner of ethylene
a?dCI(Elgl (c):Ir_‘gtrl fl uoroet hyl ene, and having the follow ng structure:
- (- CH2- 0Chwl0o0eF2- ) n- 10. A nethod according to any omeTafU20dsevomrecedi n
claims wherein the activating agent act,]g to renmoves HX fromthe pol yner tg
pr odug_e a rFa_ctl v&hpol ymer. 11. A nmethod according to any one of the
preceding clains erein the actjvating agent is a.base A _met hod
according t% cl & MeTPAaTErEing 1o f '”_P)gg"@%feé'gg’ﬁ p&'ylg%ﬂri's %'ef’rogyhéﬁvmngxi de. 13. A
ggt Qod_ aCCQ{hﬁi{rﬂﬁfl&&o&hﬂbP@)}BaMﬁ%&ﬁﬂ altéretirgy deplolyneaiof bthigede ard de i s sodi um
ssium |ithiumor cal cium roxide. 14. A nmethod according to claim 11l
wher ei n théJhEP&_%t@f"i‘%’o%ttﬁylﬁf‘%ﬁr\d fr%!t”&ﬁé%%ﬁBWI”&esﬁr”%!’e-A net hod accgrdi ng to
claim 14 wherein the al kali netglci)gBxCeel-Cs$0di um et hoxi de, sodi um
et hoxi de, sodi um propoxi de, potassi um nethoxi de, potassium et hoxi de,
pot assi &m propoxide. 16. A method according to claim 1l wherein the base is
A ne base 1 Lot r e e et hod sccar dina {0 any one. of
is tetr : : met.hod accor di 0 any one o
;he FLeged@F@i"‘&%@”%@?@? WWW@S%&’V@F PRYYREP PhY %aa{ea%ﬁ’!& e bo%d. 19.
met ho _ac]{;d}\{ Mg to any one of the preceding clains wherein the reactive
coating is a hydrophilic polyner.20. A method according to any one of the
precedi ng clains wherein the reactive coating is a hydrophilic polyner.

10 11. A method according to any one of the preceding claims wherein the

activating agent is a base.

12. A method according to claim 11 wherein the base is an alkali earth

hydroxide.
15
13. A method according to claim 12 wherein the alkali earth hydroxide is sodium,
potassium, lithium or calcium hydroxide.
14. A method according to claim 11 wherein the base is an alkali metal alkoxide.
20

15. A method according to claim 14 wherein the alkali metal alkoxide is sodium
methoxide, sodium ethoxide, sodium propoxide, potassium methoxide, potassium

ethoxide, potassium propoxide.
25 16. A method according to claim 11 wherein the base is a strong amine base.

17. A method according to claim 16 wherein the strong amine base is

tetraethylene pentamine.

30 18. A method according to any one of the preceding claims wherein the reactive

polymer bears a double bond.

19. A method according to any one of the preceding claims wherein the reactive
coating is a hydrophilic polymer.
35



2 1. A nethod according to any one of the preceding clainms wherein the
reactive coating is PVP. 22. A nethod according to any one of the preceding
cl ai mrs whwoens/awbegor eacti ve coating is reacted to the reattAvzeospobyaer in
the presence of an initiator. 23. A nmeth{pd according to claim22 wherein
the initiator is persulfate (S208 2 ) . 24. A nethod according to claim2 1
where the persulfate is in the form of potassium persul fate,, anmoni um

per sul f at e, 2&odi HreihoH B m%{oeaqyrorgeoca‘ﬁ%prﬁﬁﬁ%lﬁﬁgg ?3’["8( MBe 19aGi¥? hod of
hydr ophi | i dewing iP8hydephit®psiymet.ng the step of, where applicabl e nodifying
the polyner to Incorporate a cross |inkable group and treating said pol yner
containing a cross linkable group with a cross |inkable hydrophilising
agent, and appl yjAﬁﬂetﬁé@ﬁ@cdrd]iﬁ%'td”lﬂ'lm‘dfbftth@ﬂ&ceéﬁﬁg chirmeivhediraihe oeatiting t 0
claim 25 wherein the crosslinkable group is a double bond. 27. A nethod
accordi iy t&°&NGiHFYE- or 26 wherein the crosslinkabl e hydrophilising agent
is PVP. 28. A nethod according to any one of claim25 to 27 wherein the
cross |linking conditions inyolve the use of an .ini %ll ato and@or Cr.oss

|i nki ng rad?%ti oft.Migod ACGREFIAG P Y PRI IR PISCERIRG © ”ﬂ%}"é?reﬂﬂ PP at i on
or ultrafil ggangenrezRmdrta it asik solyngertii thespragencefof ah)nitidteat i ng sai d hal ar
mcrofiltration or ultrafiltration nmenbrane with a base to elimnate HX and
produce a base treated polyner; andii) treating said base treated pol ynmer
with PVRyinaghe ArnRsinng acsdidig & 65 22 Mbreh inaiihitistbois petsulfa@(8e®;*a hal ar
mcrofiltration or ultrafiltration nmenbrane with a crosslinked surface
coating of PVP.

24, A method according to claim 21 where the persulfate is in the form of

potassium persulfate, ammonium persulfate, sodium di-persulfate or sodium mono-

persulfate.

15
25. A method of hydrophilising a polymer comprising the step of, where
applicable modifying the polymer to incorporate a cross linkable group and treating
said polymer containing a cross linkable group with a cross linkable hydrophilising
agent, and applying cross linking conditions.

20

26. A method according to claim 25 wherein the crosslinkable group is a double
bond.

27. A method according to claim 25 or 26 wherein the crosslinkable

25  hydrophilising agent is PVP.

28. A method according to any one of claim 25 to 27 wherein the cross linking

conditions involve the use of an initiator and/or cross linking radiation.

30 29. A method of hydrophilising a halar microfiltration or ultrafiltration membrane

comprising the steps of:
i) treating said halar microfiltration or ultrafiltration membrane with a base to

eliminate HX and produce a base treated polymer; and



30. A halar mcrofiltration or ultrafiltration nenbrane with a crosslinked
surface coating of PVP. 3 1. A nenbrane according to claim30 in the form
of an asywoebedm24menbr anes 32. A nmenbrane accordi ng to ecaiau2805000975t he
formof a flat sheet. 33. A nmenbrane acgording to claim3 1 in the form of
a hollow fibre. 34. A functionalised nenbrane prepared according to the
present inventio r | ' ILlLrratdbon, and ultrafiltration of

wat er and w stemg?getﬁlg sé?bég@ftterggetd{%)%nﬁ%rswel@ %Z‘%{S}%?ﬁe” r%sregggpéacgggordi ng to

t he pr esentlinkingenitiatontof wodursea halaamicadfiltration wr nitnakiltratien mebrane witicai onal i sed
menbr ane pr 4 I NQ.. t present invention for use as protein

grggghﬁg\erfg&'?% c%gl]lrlgi%f

adsor ption. unctrona menbr ane prepared according to the present
i nvention for use in processes requiring bio-conpatible functionalised
membr an&S- 30. A halar microfiltration or ultrafiltration membrane with a crosslinked surface

coating of PVP.

31. A membrane according to claim 30 in the form of an asymmetric membranes
10 32. A membrane according to claim 31 in the form of a flat sheet.

33. A membrane according to claim 31 in the form of a hollow fibre.

34. A functionalised membrane prepared according to the present invention for

15  use in the microfiltration and ultrafiltration of water and wastewater.

35.  Afunctionalised membrane prepared according to the present invention for

use as an affinity membrane.

20 36. A functionalised membrane prepared according to the present invention for

use as protein adsorption.

37. A functionalised membrane prepared according to the present invention for
use in processes requiring bio-compatible functionalised membranes.
25



