1 Title: CROSS LINKING TREATMENT OF POLYMER MEMBRANES
Technical Field The invention relates to nethods of
preparing polyneric materials having enhanced
properties in ultrafiltratipn and mcrofiltration
applications, and to polyneric materials produced by
such nethods. More particularly, the invention rel ates
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Microporous phase inversion membranes are particularly well suited fo the
application of removal of viruses and bacteria.

A large membrane surface area is needed in order to accommodate a large
filtrate flow. One technique to minimize the size of the apparatus used to house the
membranes is to form a membrane in the shape of a hollow porous fibre. A large
number of these hollow fibres (up to several thousand) are aligned, 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. Under applied pressure, the water is forced into the central channel, or



and housed in nodules. 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 nodule. 2Under appl i ed pressure, the
wat e iﬁ ,Lor ed into thq cent ral c;hant el orHﬁsf lLumen
g, GEeaeR P AR ATa TRCToRE A PG SR R PRecP Odg e
fibteb e Thp HitRedwhisi chledthinside itHerfibses artdds friaivh eff dttfougit the ends.
col .S I NS N : ' f h
t ne "5 e MR Rol bl absreble G o endfL T
magidles tadthieve mevenshigh susiaed pre3 Pehenit VPMeA. es t o achi eve a

Ver RelhdlRsS o thé &R chiRgBRentoffibrel P 4 /Bduldingasgb ess of
the exact arrangepnent of fibres in a nodule, it is

| t
negassary fordbe RAYRSIICTBresRNgslies fRupeseess e adPreiiEtfel ves to
mifroSARGSe tdoR Pidroftratidh @ odBuer ost ructure to al | ow

mcrof.iltratian t.o pccur . si.rabl y.. . .

T <PBStarl, B0t e i Tibb g hd mighdtfiaion mpmbranes i
asyrembiria ibat is, she s siregradient achess thesmemhang isrmet sonstant, but
ins%g%g%[ in 28530 IB@rdSBERERAS! disft?]ﬁb%twilﬁfmﬁé ABEnprapl!

varies Inrelation to t € Cross-secti pna_l
Hofigvs filara drenirangas are PreferabhAsyReetrio iemiiangs pnsgessgiieifYes

buRdhd RFrafll pbab bl oA YMBBEt biter JiaEsaiMasarge@366e spargpdreght | y
¢ bunc edq%{galfh,ﬁpor s on.gpe or bot h outer surfaces and
oWaLIS P Mised HIsLIPMERPEEAt owar ds t he i nsi de of the
nmenibhiareymattic midwsiruaseastoere fovnd kotst adyentageousas itbeen
| .
prn{\)/%\ég % CQEB% BRARMRARG R G MR afSal tsfrengg’ti ﬁl‘/d ﬁilga%fog efierecy.

et ween nechani cal stren a iltration
ef f Agwethay thesaicripairyctuse, theneherical Bopeities efftee mepbrane are

als iApareat. m&%foﬁhi%hyﬂfqdhbﬁc BBIRAESSTE: rAérBbrafd B@ne such

. 0{ tant, The hydrophilic/hydrophobi c bal ance of a

im RRE™s one such inportant property. Hydrophobic
sur Hadreshabicesutfeddsraeeldefimet wa tveatertattingigihd Apdroplyilily syphcdsi ¢

» y i.ng. t s used

as MR8 Moy UPhEBolitls e W Blp Aoy iiS S

hydsgphabicratymsss. f Wrteeern i folsg thioudid BiSFRPHPRIC e s dYby

usé!SEsuRtlciehtiprbbdihd Blit th BRS4UIE nedudd ié P8y RiR $RBAL3VONRRERE d S

hi gh 50- 3Q0 [ d b
mofHASaE e Sven ALLEl plrs S Sy REFATD Joery bRgme
wehetevanly. wet t ed evenly. Hydrophobi ¢ m croporous

_ . Cor] . _
B R
excafient|chergicakasigfanng. biegramratipibiy, loywsvelingrantteood SepRraian
peﬁ&gfrégébﬁ eglp@vgvéﬁﬁﬁr%h ubéd Hv?étérqitﬂraaﬁgﬁ Y. &igétioﬁﬁ,ﬁwlyg:{ropgobic
obi, ¢ rapes nee ) be rophilise .
oA d6e0 PR RS e HEAR Pl e iermoston. This

can include loading the pores with agents such as glycerol. Some hydrophilic

materials are not suitable for microfiltration and ultrafiltration membranes that require
mechanical strength and thermal stability since water molecules can play the role of
plasticizers.

Currently, poly(tetrafiuoroethylene) (PTFE), polyethylene (PE), polypropylene
(PP) and poly(vinylidene fluoride) (PVdF) are the most widely used hydrophobic
membrane materials. However, the search continues for membrane materials which
will provide better chemical stability and performance while retaining the desired
physical properties required to allow the membranes to be formed and worked in an
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usually offer better chemical, thermal and iological stability. In the field of water
filtration membranes, it is highly desirable to combine the low-fouling properties of
hydrophilic polymeric membranes with the stability of hydrophobic polymeric
membranes.
In the present case the inventors have sought to find a way to hydrophilise
membranes made from normally hydrophobic polymer, such as PVdF, to enhance

the range of applications in which they may be used, while at the same time,
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membrane hydrophilic. Other hydrophilic polymers include cellulose acetate,

sulfonated polymers, polyethylene glycol, poly(vinylpyrrolidone) (PVP) and PVP-
copolymers etc. Due to its compatibility, PVP has been extensively used to make
hydrophilic PVdF, PSF (polysulfone) and PES (polyethersulfone) porous membranes.
While adding such copolymers does impart a degree of hydrophilicity to otherwise
hydrophobic membranes, in some cases, the hydrophilising components can be '
leached from the membrane over time. For instance, water soluble hydrophilic
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i) treating said porous polymeric membrane to cross-link said cross-
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The term “hydrophilic” is relative and is used in the context of a refers to
compound which when added to a base membrane component render the overalil

membrane more hydrophilic than if the membrane did not contain that compound.
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polymer in the membrane. In an alternative chemical process, the membrane is
contacted with a solution containing cross-linking agent and the cross-linking process
is carried out in solution. Preferably, the membrane is first loaded with a solution
containing cross-linking agent and then heated to allow cross-linking. Alternatively,
the membrane is first loaded with a solution containing cross-linking agent and then
treated with radiation, preferably gamma radiation, to allow cross linking.

Preferably, the contact with a solution containing cross-linking agent is by way
of immersing the membrane in the solution containing cross-linking agent. Mixtures
of one or more cross linking agents and/or one or more crosslinkable polymer may
be used. Preferably, the cross linking is carried out substantially to completion.

In the chemical solution treatment process, the chemical solution contains a
cross-linking initiator such as, for example, ammonium persulfate, sodium persulfate,
potassium persulfate or mixtures thereof, and optionally an additive. The additive can
be an inorganic acid, organic acid and/or alcohols and other functional monomers. The
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In a preferred embodiment of the process according to the invention, a

combination process of the chemical solution and thermal process is applied. In this
process, chemical solution treatment is conducted at a temperature of 50°C to 100°C.
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The preferred hydrophilic polymers of this invention are water soluble
poly(vinylpyrrolidone) (PVP) and PVP copolymers. The produce produced is a cross
linked insoluble PVP embedded in the hydrophobic non-crosslinkable membrane

U

polymer.

Examples of water insoluble hydrophilic polymers include cellulose acstate or
sulfonated polymers.

The hydrophilic cross linking polymers can be present in any amount to give
rise to the desired properties after cross linking. Preferably, they will be present in an
amount of 1-50% by weight of the total membrane polymer. More preferably, they
will be present in an amount of 5-20% by weight of the total membrane polymer.
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The cross-linkable component is preferably hydrophilic.

As mentioned above, the present invention can be carried out upon any
polymeric microfiliration or ultrafiltration membrane which contains cross linkable
moieties, monomers, oligomers, polymers and copolymers which are capable of
cross linking to produce a hydrophilised membrane.

Membranes of the present invention possess the properties expected of
hydrophilic membranes. These include improved permeability and decreased
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membranes or rewetted membranes. The membranes can be in the form of bundies or

modules. The modules can be any type of modules such as hollow fibre module, spiral
wound module etc.

In accordance with a preferred embodiment of the present invention,
hydrophobic/hydrophilic blend membranes, particularly PVdF/PVP or PVdF/PVP
copolymer blend membranes, are formed by a phase inversion process, particularly a
diffusion-induced phase separation process, where PVdF, PVP, PVP copolymer,
solvent and optional additives are mixed to prepare dope. This dope is cast into a flat-
sheet membrane or extruded into a hollow fibre. After exchange with non-solvents in a
quench bath and further washing in the wash bath, nascent wet membranes are
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process, in the present invention, water soluble PVP/copolymer or PVP becomes
water insoluble after crosslinking treatment.

Without wishing to be bound by theory, it is believed that after cross-linking,
the hydrophilic polymers are shrinkable and the increase in permeability is mostly
caused by the opening of small pores due fo the shrinkage of hydrophilic polymer.
Further, it was surprisingly found that treatment does not affect the bubble point of
the membrane.

It was found that the methods of the present invention slightly decreased the
break extension, ie the membranes are more likely to break when stretched. After
cross-linking treatment, the break extension decreases by about 5%-10% for the

PVAJF/PVP/VA blend membranes. However, with the consideration of the generally
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pore filling agents like glycerol when the membranes are still wet. Importantly, the
cross-linking treatment of the present invention does not affect the bubble point of the
membrane and only has only minimal effect on the elongation of the membranes. The

treatment processes are efficient, simple and cheap.

While the invention has been described with reference to particular
embodiments, it will be understood by those skilled in the art that the inventive
concept disclosed herein is not limited only to those specific embodiments disclosed.



Menbranes treated wth the nethod of the present
i nvention were also found to possess greatly inproved
hydrophilic stability. It is well recognized that
hydrophilicity of manbranei is very inportant in
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An aqueous solution containing 10\Ag°o PVP/VA (vinyl acetate), 3wt% FeCls

and 1.5wt% (NH,4)>S,0s was prepared. The solution was heated at 100°C for 10 hr.

No insoluble gel formed.

Example 2
An aqueous solution containing 10wt% PVP K-90 in 1000ppm sodium
hypochiorite (NaOCl) was prepared. No insoluble gel formed after 5 days.



perneability when drying at roomtenperature.

Accordingly, the present invention relates to

post -treatment processes to treat

hydr ophobi c/ hydrophi l'ic poI mer bl end nmenbranes to

I ncrease their water pernea ility and hydrophilic
ExanmpiBl ity. More specifically, the present invention
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smal|l test cell. Each cell contained two hol |l ow

ExameeeiS with the length of 10-15cm The RO (reverse

An aqueous solution containing 10wt% PVP/VA copolymer and 5wt%
ammonium persulfate was prepared. An insoluble gel was formed when the solution
was heated at 70°C, 80°C and 90°C for 1-2 hr, respectively.

Example 9
An aqueous solution containing 10wt% PVP/VA copolymer and 5%
ammonium persulfate was prepared. Heating at 60°C for 1 hr did not lead to the

formation of an insoluble gel.



osnosis) water perneated fromthe shell side to the
lumen side at a pressure difference of 100 kPa and a
tenperature of 251C. Based on the water flow, the

wat er perneability was cal uI ated based on the outer
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anpl e 3 An aqueous sol ution containing | Om % PVP

K-90 in 5wt % ammoni um persufate and 1000 ppm NaCQCl
was E]&érﬂp!aﬁ ed2 ddamhéstrage tbt 1HE Gosefinkindyeadtio takse Plag? Bdik e

prgsrgance 0 rQr.Ln?unq SLrsulFﬁié‘HPg @roés—hnkmg agent at temperatures at or
above 60°C. The addition of acid decreases the temperature required to carry out the
cross-linking reaction. The insoluble gel formed is identical to the gel formed in

Examples 5 to 9.

Example 13
An aqueous solution containing 10wt% PVP K-90 and 5wt% ammonium

persulfate was prepared. The aqueous solution became gel when the solution was
heated at the temperature of 60°C, 70°C, 80°C and 90°C for 20-30 min, respectively.

Example 14

An aqueous solution containing 10wt% PVP K-90, 5wi% ammonium
persulfate and 1wt% sulfuric acid was prepared. The agueous solution became gel
when the solution was heated at the temperature of 60°C, 70°C, 80°C and 90°C for

20-30 min.



An aqueous sol ution containing 10 wt % PVPNA copol yner
and 1000ppm NaOCl was prepared. No insol uble gel
formed after 5 days. Exarrpl es 2 to 4 denonstrate that
NaOCl cannot cause PVP or P- copol yner to crosslink.
The presence of hypochl ori ée in "
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respRG¥elYf at e was prepared. Heating at 60C for 1 hr did

not lead to the formation of an insoluble gel. 15
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readi |l y separated upon cross |inking. Exanple 10 An
Emgﬁmequs sol ution containing 10w % PVPNA copol yner,
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gel was formed under the gamma radiation with the dose o? gé‘re (gy

Example 18
An aqueous solution containing 10wt% PVP K-90 was prepared. An insoluble
gel was formed with gamma radiation with the dose of 35 kGy.

Example 19
An aqueous solution containing 10wt% PVP/VA copolymer was prepared. An
insoluble gel was formed under treatment with gamma radiation with the dose of 35

kGy.

Examples 17, 18 and 19 demonstrated that PVP K-30, PVP K-90 and
PVP/VA copolymer can be cross-linked with gamma radiation without cross-linking
agent. The whole aqueous solution became a gel after exposure to gamma radiation.



at tenperatures of 60C, 70C, 80C and 90C,

respectively. Exanple 11 An aqueous sol ution

containing 1 Owt % PVPNA copol yner, 5w % ammoni um

persul fate and 1wt%su|furi9 acid was prepared. An

i nsol ubl e gel was forned at tenperatures of 60C, 70C,
Exa®plE 2and 90C, respectively. Exanple 12 An aqueous
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i nsoluble gel formed is identical to the gel formed in
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aqueous solution containing 10w % PVP
K- 90, 5wt % ammoni um persul fate and 1wt % sul furic acid
epared. The aqueous sol ution becane gel when

Exa‘ﬁﬁr?e .
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Samples (NH4)2S20s Temp (°C) Time (min) Permeability
(Wi%) (LHM/B)
1 0 100 60 581
2 4 100 60 1513
3 5 100 60 1579
4 5 100 60 2022
5 5 100 80 1488
6 3 100 30 1762

Thus the permeability of hollow fiber membranes cross-linked in accordance
with the present invention was increased to about 3-6 times than that of the
corresponding non- cross-linked fiber. The concentration of ammonium persuifate
had little influence on permeability.




Exanpl e 16 An aqueous solution containing 1 OMm % PVP
K-30, 5wt % anmoni um persulfate and 1wt % sul furic acid
was prepared. An insoluble weak gel was forned when
the solution was heated at p he tenperature of 60C, 70C
and 80C for 2hr, respectively. Exanples 15 and 16
Exawple@Bst rate that cross-1inking of | ow nol ecul e wei ght

PVR c(rg)é(?o 553%@% tHe?eéiByBHfﬂy Sromnplesieftfngdis presdraimvention on a
cr oss- |1 nki 90 an V|

n P
procER o PR LR S PRI e D P e T
was Iﬁrn@\@rs%iﬁntcpé e@aumonm;ngnmtmm-@klrgagem rCfQHF ieEReitR

a t
for ngwe Aﬂ'\ g‘gﬁee rcdsss-S g‘lﬁ c%g%? g}eﬁﬁﬁne‘waﬁgk%ﬁgbé fr%ﬂ g{)g)l/\gs

solufisregrairrediedAmthervesd] T,h?l reempjane FHyaysf q@p’ﬁgg igfhe e@
progee'.g'ﬁ{e'rgéhlyaw‘sﬂm iWese #f 35 kGy. Exanple 19 An
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prepared An insoluble gel was formed under treatnent
Wi g AR Gropkradd 6Tibik teatet evito ostthefmad Srockeyet different
Conq’E{%(arrpl es 17, 18 and 19 denonstrated that PVP K-30, PVP
4§ and PVPNA copol ynmer can be cross-linked with
ganma radi ation WIthOUt cross-linking agent. The
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Treat nent of nenbrane fibres in chenical sol ut gn
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wet thermal process. A comparison of bubble ponn S (BPE f%% &% #nd non-treated
fibers indicates that the cross-linking treatment does not change the bubble point of
the fibers. This suggests that the increase in permeability was mainly caused by
opening small pores due to shrinkage of PVP/VA copolymer.

Example 23
When preparing water filtration membranes, the membranes are usually post

treated with glycerol to wet out the membrane pores and prevent pore collapse after
drying. It is surprising to note that the cross-linking treated PVdF/PVP/VA blend
hollow fibres show good permeability even if the fibers are directly dried without
subsequent glycerol treatment. Table § shows the results for fibres without glycerol
treatment. All the samples were immersed into a cross linking chemical solution for
30 min and heated at 90°C for 30 min. The samples were then dried at the room

temperature.



Wet fibres were inmmersed into (NH4)2S208 sol ution at
various concentrations and heated at 100C for
different tines. The treated fibers were imersed into
a 30wt % gl ycerol solution %or 2-3 hr and then dried
at roomtenperature. Table shows the resultant
perneability (LHMB = litres per hour per netre2 per
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Example 24

The wet fibres were immersed into the 10wt% ammonium persulfate aqueous

solution for different times. The wet fibres were then taken out and heated at 100°C

for half hour. The results are shown in Table_6

Table 6
Fiber No. immersed Time Perm.
(sec) (LHM/B)
1 1 171
2 5 343
3 10 621
4 15 980

The results demonstrated that sufficient immersion time is necessary to

achieve good results.



2 5 100 30 1558 250 3 5 100 30 1607 250 There is
nearly no difference between wet thermal treatnent and
solution treatnent. The perneability of non
cross-linked fibers decreagged after heating in the
wet thermal process. A conparison of bubble points
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Example 26
Treatment of bundles. A bundle of 9600 PVdF hollow fibers of 160cm length

was immersed into 5wt% ammonium persulfate solution for 1 hr. The bundle was
taken out and heated at 100°C for 1 hr. During the heating process, the fibers
remained wet. The fibers were then dried. The water permeability of fibres was 800

LHM/bar.

Example 27
Treatment of modules. Several modules contamlng 8000-9600 fibres with an

effective length of around 110 cm were immersed into a solution containing Swt%
ammonium persulfate and 1wt% sulfuric acid for 1 hr. The module was heated at

90°C for 3.5 hr. The results are shown in table 8.
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The results are
H2SO4 HCl Heat i ng

HeaCMry Hewrsidesppgr?’y (W% Tem (C) Tine (hr) (LHM B)
10.5950.51200 2 195 0.5 1142 3 0.5 95 0.5 1352
4 1 95 0.5 952 Table 7 shows that the post-treatnent

Exafpigrd8ed nenbranes al so greatly increase

wat er

per paRijethetyiforlIRVA bid hollow fibre membrane was prepared and
treated with 5wt% ammonium persulfate. The results are shown in Table 9.

Table 9
Sample No. Before treatment After freatment
Perm (LHM/B)* Perm. (LHM/B)*
1 43 277
2 41 168
3 38 146
Example 29

The PVdF/PVP/VA wet hollow fibre was treated under gamma radiation at the

dose of 35 KYG. The results are shown in Table 10
Table 10 _
Sample No. Before treatment After gamma treatment
Perm (LHM/B) Perm. (LHM/B)
1 348 680
2 227 537
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treated with peroxodisulphate solution. Without wishing to be bound by theory, it is
believed that the major reason for this is that gamma radiation cannot cause
shrinkage of PVP/VA copolymer which is present in the small pores.

Example 31
The PVAF/PVP/VA hollow fiber was immersed into 5wi% ammonium

persulfate solution for 30 min and heated at 80°C for 1 hr and then treated with
gamma radiation of dosage of 40 KYG. The results are shown in Table 12.

Table 12
Sample No. After treatment with chemical | After treatment with gamma
solution radiation
Perm. (LHM/bar) Perm. (LHM/B)
1111 1278

2 1181 1455
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treatnment Perm (LHMB) Perm (LHMB) 1 348 680 2
227 537 22 Exanple 30 The PVAdF/ PVPNA wet hollow fibre
was | oaded with 5wt % ammoni um persul fate and 1w %
sulfuric acid and treated with gamua radi ation at the
dose of 35 KGY. The results are shown in Table 11
Tabl e 11 Sanple No. Before treatnent After ganma
treatnent Perm (LHM B) Perm (LHM B) 1 348 876
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POr ousthy eleytbRink GrstEH¥BIHA R doEibriebnRdhing a crosslinking agent and the

resultant loaded membrane is then heated at the required temperature.

2. Amethod according to claim 1 wherein the PVP copolymer is selected from
15 poly(vinylpyrrolidone/vinylacetate) copolymer, poly(vinylpyrrolidone/acrylic
acid) copolymer, poly(vinylpyrrolidone/alkylaminomethacrylate) copolymer,
poly(vinylpyrrolidone/alkylaminomethacrylamide) copolymer,
poly(vinylpyrrolidone/methacrylamidopropy! trimethylammonium chloride)
copolymer, polyethylene glycol, polypropylene glycol, polyelectrolyte, polyvinyi
20 alcohol, polyacrylic acid or mixtures thereof.

3. A method according to claim 1 or claim 2 wherein the PVP and PVP
copolymers are water soluble.

25 4. A method according to claim 1 or claim 2 wherein the PVP and PVP
copolymers are water insoluble.

5. A method according to any one of the preceding claims wherein the porous
polymeric membrane is a microfiltration membrane or ultrafiltration
30 membrane.



1) preparing a porous polyneric nmenbrane froma

pol ynmer blend which 5 contains PVdF or a PVdF

copol ymer and a cross-|inkabl e conponent sel ected
from PVP, PVP copol yners, polyethylene glycol

cellul ose acetate or a sulfonated polynmer by a

di f fusi on-i nduced phase separation process; and ii)
treating said porous polyneric nmenbrane to cross-1link
sai d cross- linkable conponent; 10 wherein the
cross-linking treatnment is agg$en1cal sol ution process
such that the nenbrane first absorbs the solution

cogt ai Aifathod abéRERY tbréhi/ Bk &Riths ’iifbds WhSein R AR Me is

| oaded nenbrane Is then heated at the required

t enperSNigeld wit a&OW&?wafammﬁsﬁ'gk%aQ%ﬁ tRcrpssilndotes n

t he PWWdephid ymwﬁernrsthseieafbmd from 15

pol y(vi nyl pyrrolidonel vinyl acetate) copol yner,

pol y(vi nyl pyrrolidone/acrylic acid) copolynmer,

SpoFy (VA methpy eeerdintoin efainh & yheneinrberettehaeat grbsstlipking is performed

copol WiRfeating the membrane con ing t t which i Ios s-linkable at
pol y(vi nyiSl grro ? one cﬁ Eyq h?]gonn?eptolqg%rwyfc lsc

copol )}ﬁ’EPera eI 0F 1D 9Ta08E tod@RE net hacr yl ani dopr opy!
tr|nethylannonlun1chlor|de) copolyner polyethylene

col I [ | e col el, e . .
oy vif B Rod BERngE Py B el visralt g Shsbiing acsst s o
wthereabnmﬁmsmwngmhoésaccordlng toclaiml or claim?2
wherein the PVP and PVP copolymers are water sol uble.
25 4. A nethod according to claim1l or claim2 wherein
t he p¥rmgihed aegerdingdp eleiin wherginghepgrerodisyifde spscles is5. A

et hoGraed bil bthohRnARYs WAL, Hldivhhserfieeedtadivel grdiate or
wherein the us polyneric nenbrane is a

mcr oﬁ"'ﬁ"ﬁaﬁré"r&’ ‘menbrane or ultrafiltration 30
15smenbrane. 000 24 6. A nethod according to any one of

cl 196 ey, r}llethS’d ?ccmﬁ'\r % Qlamwm &oésshnklﬁg %tc,%mesgumytv@y
a sol ution cont al Cr oss

cr oss of AMRAUeRes D%W@p'ﬁhate@orﬁ@w%@luﬁm heMiag ﬁerrbr ane. 5
7. A meioRes fithaRr @hidhtrhfontdr BbiNebn ¥ERE 61k BRd ¢ cal

cross-linking is performed by heating the menbrane
contai ni ng the conponent which is cross-1linkable at
20t etfpeAatethasadcnrdingeo claingt wieréid Get aosklifiking B caiedredtibgavay

accord | n?((fL@OlS:J ;?e! Qogsﬁf)ha% %r{{él%ng\’gﬁﬁtﬁ:’nma&ng a

Cross-
peroxodisu ?phate concentration of between about 1wt% and 8wi%.

12. A method according to claim 11 wherein the cross linking is carried out by way
25 of an aqueous peroxodisulphate-containing solution having a
peroxodisulphate concentration of between about 2wt% and 6wi%.

13. A method according to any one of the preceding claims wherein the cross
linking is carried out by way of a solution which further contains an additive.
30
14. A methed according to claim 13 wherein the additive is an inorganic acid,

organic acid and/or alcohols and other functional monomers.



10 peroxodi sul fate species. 9. A nethod according to
claim 8 wherein the peroxodisulfate species is
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pot assi um persul fate or m xtures thereof. 15 10. A
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dosage is between 10 KGY and 50 KGY.

22. A method according to any one of the preceding claims wherein the cross-
linking treatment process further includes a thermal process.

25
23. A method according to claim 22 wherein the thermal process is conducied by
heating the membrane at a temperature of between 40°C and 150°C.
24. A method according to claim 22 or ¢laim 23 wherein the thermal process is
30 conducted by heating the membrane at a temperature of between 50°C and

100°C.



dosage is between | KGY and 100 KGY_ 20 21. A nethod
according to claim20 wherein the radiation is ganm
radiation in a dosage is .between 10 KGY and 50 KGY.
22. A nethod according to any one of the preceding
claims wherein the cross- linking treatnent process
further includes a thermal process. 25 23. A nethod
according to claim 22 wherein the thermal process is
conducted by heating the nmenbrane at a tenperature of
bet ween 40C and 150C. 24. A pefhod according to claim
22 or claim 23 wherein the thermal process is 30
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or ultrafiltration 20 nmenbrane including: i)
preparing by a diffusion induced phase separation
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copol yner and a conponent which is cross-1i
sel ect®8BP'FY¥m PVP, PVP copol ymers, pol yet hyl ene
gl ycol, cellul ose acetate or a sul fonated pol yner;

30. A method of functionalising a polymeric microfiltration or ultrafiliration
20 membrane including:

i) preparing by a diffusion induced phase separation process a porous polymeric
microfiltration or ultrafiliration membrane which contains PVdF or a PVdF
copolymer and a component which is cross-linkable selected from PVP, PVP
copolymers, polyethylene glycol, cellulose acetate or a sulfonated polymer;

25 i) treating said polymeric microfiliration or ultrafiltration membrane with a cross-
linking agent to cross-link said cross-linkable component; and

iiir) leaching un cross-linked cross-linkable component, if any,
wherein the cross-linking treatment is a chemical solution process such that
the membrane first absorbs the solution containing a crosslinking agent and the

30 resultant loaded membrane is then heated at the required temperature.



25 1i) treating said polyneric mcrofiltration or
ultrafiltration nenbrane with a cross- |inking agent
to cross-link said cross-1linkable conmponent; and iii)

| eachi ng un cross-1linked cross-Ilinkable conponent, if
any, wherein the cross-linking treatnment is a chem ca
sol ution process such that the nenbrane first absorbs
the solution containing a crosslinking agent and the
30 resultant | oaded nenbrane is then heated at the
required tenperature. 000 277 8P, PVP copol yners,

pol yet hyl ene gl ycol, cellul ose acetate or a sul fonated
pol ymenp, BYP oBpfl@her poRelhyleRs bigcdliceliisk latstatel P8 sOfonated
uItrafiItration menbrane according to s claim31l in
the fd&P *a hollow fibre nmenbrane, tube nmenbrane or
flat-sheet nenbrane. 33. A porous polyneric
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Spor ouslae 2y irethe Eormiota bellowibetmembrane, twbe membrane f flassheet
menbr gpgnmseording to claim 31 in the formof a dry
menbr ane.

33. A porous polymeric microfiltration or ultrafiliration membrane according io
claim 21 in the form of a wet membrane.
10
34. A porous polymeric microfiltration or ulirafiliration membrane according to claim
31 in the form of a dry membrane.



