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properties. ddicrdfifrations entrotirafibration anegwessure driven processes and are
distinguished by the size of the particle or molecule that the membrane is capable of
retaining or passing. Microfiltration can remove very fine colloidal particles in the
micrometer and 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.
Microporous phase inversion membranes are particularly well suited to 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
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performance. However, when used in water filtration applications, hydrophobic
membranes need to be hydrophilised or “wet out” to allow water permeation. 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(tetrafluoroethylene) (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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It is well recognized that the hydrophilic membranes generally suffer less
adsorptive fouling than hydrophobic membranes. However, hydrophobic membranes
usually offer better chemical, thermal and biological 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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A simple alternative technique to improve the hydrophilicity of hydrophbbic
membranes is to blend a hydrophilic polymer with hydrophobic polymer. Microporous
polymeric ultrafiltration and microfiltration membranes have been made from PVdF
(polyvinylidenefluoride) which incorporates a hydrophilising copolymer to render the
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 A
leached from the membrane over time. For instance, water soluble hydrophilic
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i) preparing a porous polymeric membrane from a polymeric blend
which contains a component which is cross-linkable; and

i) treating said porous polymeric membrane to cross-link said cross-
linkable component

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 overall

membrane more hydrophilic than if the membrane did not contain that compound.
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If the cross linking process is a chemical process, the membrane is preferably
contacted with a solution containing cross-linking agents to cross-link the hydrophilic
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 persulifate, 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 the gamma radiation treatment process, wet membranes, dry membranes,
membrane bundles or membrane modules are treated under gamma radiation with a
dose of 1 KYG to 100 KYG at the room temperature.

If the cross linking is by way of a thermal process, the thermal process is
preferably conducted by heating the membrane at a temperature of between 40°C
and 150°C, more preferably 40 to 120 °C, and more preferably between 50°C and
100°C

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
polymer.

Examples of water insoluble hydrophilic polymers include cellulose acetate 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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According to a further aspect, the invention also provides a method of

functionalising a polymeric microfiltration or ultrafiltration membrane including:

i) preparing a porous polymeric microfiltration or ultrafiliration membrane
which contains a component which is cross-linkable;

ii) treating said polymeric microfiltration or ultrafiltration membrane with a
cross-linking agent to cross-link said cross-linkable component; and

iii) leaching un cross-linked cross-linkable component, if any.

The cross-linkable component is preferably hydrophilic.

As mentioned above, the present invention can be carried out upon any
polymeric microfiltration 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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membrane or flat-sheet membrane. The membranes can be dry membranes, wet
membranes or rewetted membranes. The membranes can be in the form of bundles 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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leaching of hydrophilic polymers from the membranes. As a result, the hydrophilicity
of the treated membranes decreases. In contrast with the prior art post treatment
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 to 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

PVJF/PVP/VA blend membranes. However, with the consideration of the generally
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Further, even when dried, membranes treated in accordance with the present
invention still exhibit high water permeability even in the absence of treatment with
pore filling agents like giycerol 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.
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Examples
Cross-linking of PVP/VA co-polymer and PVP aqueous solution.

Example 1

An aqueous solution containing 10wt% PVP/VA (vinyl acetate), 3wt% FeCls
and 1.5wt% (NH,).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 (NaOCIl) was prepared. No insoluble gel formed after 5 days.
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Exanﬁ 4ibl e, and PVP or PVP copol yner sinply blended with
ydrophobi ¢ pol yner in menbr formcan, slow y | each
othn AGusRLE RelUehERAEsg TP @%%ohi%@wgw%émﬁums_
persd‘f&e %ﬁ& 9dovRbRY Né@@nhééb;bra%vpd Waleatifig 67 I0SS-fbri ki did not t

bel i eved that PVP or copolymer will be retained
PFOdHCﬁ anHesqlehipoghes for a | onger period of time. In the

prior art, it is known that the PSf/PVP, PES/ PVP,
PAN PVP and PVdF/ PVP bl end nenbranes treated with the
Exampde 4li zers such as C 2, NaOCl and H2Q2 etc can inprove

VL (£ qRIuaBBIItibh E:Untalhkh@ﬂ‘ﬂﬁﬁt% BV ANespelynaar inti20R0ppm

cannot cross |ink PVP %g%?gﬁi/rrers Any i ncrease
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copoﬁlﬁ'l'étr kRSlos¥iinkN T SreBERCRI Of %&bodvﬂlﬁ’fdetmilﬂlatdmné crsedinkiag of n
present invention,
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VP, ONgrRoRS e TEESNY s 1o R oK BG A srtaly feret Rind
leactRRY IR %9 Ihlypédhldrﬁe raoéttdny ORRIiRE dAhemhih&lw bepoahtprits breates |
pores due to | ri nkage OL hilic polyner.
dOWFFBVF FYéHch Esteaﬁk%w§%1eﬂ %&lgyt Féﬁésfb B WA“tFeat nent does
not affect the bubble p0| nt of the nmenbrane. It was

found that the nethods of the present invention
Exangplg ght | y decreased the break extension, ie the

/rz;)tm %QUS&Jsaé’(lﬁJtidSﬁ rc@nﬂa{r}m%j %Ovﬁ% rbwteﬁm %memm (NH.)1820; was
er Cross N rea e
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menbranes. However, with the consideration of the

gener al ' yexcel | ent el ongation (150% 300% of untreated
8® nenbranes, the sl i ght decrease of el ongation does

nOAn %fqﬁéédis édl@hdﬁiﬁj@h@mlr@gai OvBtes evgNA Givt%reenva@m persulfate

nbr anes under nor use.co t
and BYs GBABIOAHES PERPACHE ArOU o Rlres ey e hotyop
was hehfed it bpuhigpamreabi ity even after dryi ng. Wthout
treatnent with a wetting agent, the
Example 7
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.



menbr anes prepared by the nmethod of the present

invention still exhibit high perneability when drying
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invention relates to post-tlfeat nent processes to treat
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proce% ﬂ%ﬁl Irﬁc ydr oé)% c ] U Yre

ic ble ol ynmeric
and thmwbwanbawN%rﬁd%fﬂ'|Yrﬁ@Pﬁ§‘t‘?do‘|'pan%?%°;§‘|kﬁ‘ g pernmeability
and hydrophilic stability including: i) preparing a
por ous pol yneric nmenbrane froma pol yner bl end which
Exampnt@i ns a conponent which is cross-linkable; and ii)

t rxﬁ%dcd%%ué ?blgt(&géé}ﬂélnﬂ@mmlwmﬂ%p@?mb@ mmmomum
sai d Cross

e co onent D%CGSE‘S% | as?ormed
persyiatesanat 0.Fvitle hf/(ﬂr@ﬁh'aﬁ‘éa?i? ¥Ee PEeRaredy ANk INERIUPIRSS! W
at te.ﬁ%!é’ré&géy St @O P BT dhd STBChIcepectivelybr ane are cross

there by 1 ncreasing water perneability in sone
cases by a factor of 2 to 10 tines hi gher than the

Exa érﬂaspondl ng untreated nmenbranes. The post treatnent
rocesses of the present my%&g al S0 re ﬁg/ @um
s ol BILEayy GPbIAN P%tab\mgy%\fté GOREYMEHI Ay FER

pers@fa?%érlnd’ 1Wt?6’%6’lﬁjrﬁgackhﬁa§1m@b&|@hl lninansdladé beltwasobrrmérkat

rane due _to \S%ﬁé‘lnlnkln f hydr ophi lic
tempgestyee of 6F6s TREr 8OeQé‘l‘fid rﬁ?Heé ¥Tenbr anes treated
i n accordance with the present i nventl on still exhibit
hi gh water perneability even in the absence of
Exaropled2nent with pore filling agents |ike glycerol when

t hgy %F&ﬁ%%h?h Q:otﬁfairintg me%hﬂ"wpm @pblyyners 5wet% ammonium
cross-1inking treatnent o e pres 0y, es
persulsto and 2ute eRE AR BopBeReres: AR TETHBIRY A B SRRy

temgRsurRloy 60i7RE, s Cemt gamtrbepeatmgatu on of the
menbr anes. The treat nent processes are efficient,

sinpl e and cheap. \Wile the invention has been
d eF%th%Q oM 4 ferheiiagiibat the crastlinking maoehcrb takiegmpiecs in the
be understood by those ﬁk‘ﬂl | ed My t e?%th etshaeftor
presghee PAPNAGNIVE RESFHIE Ef{ agyp SOSTIRY KPR 1% [ ted
abo ()"Ct Phd BAGiorbbRsdid Hécreades theremiperature reqwred to carry out the
cross-llﬁlglng ?eea%tlgr%( %ﬁé msolugJe 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, 5wt% ammonium
persulfate and 1wt% sulfuric acid 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.



Measurenent of water perneability of nmenbrane sanpl es
The water perneability of a hollow fibre was

waledoensioned with a small test cell. Each cel |l PONAERWE/00864
two hollow fibres with thelbength of 10-1 5cm The RO
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out er r of the holl i bre. Measurenent of
wat er perneability of nmenbrane nodul es The nenbrane

Exam dif e nornel Iy contains 7,000-10,000 fibers vvi t h
g%fectlvelength of 1.1 m The ta f,/l
mémsanuedus sQwionfeniaiing 18yvije FVE Ae flﬂw@l’i‘ QI HCIN
persuﬁé%@éé&éﬁ G %tﬁﬂﬁlﬁe 8kl &Q@n&ftﬁamwadu@d pEReILEbN heS oéated

t bi
I e L X

£ing Yeas ¢y AR, of et hanol bubbl e point The
WanHoI%o %dﬁ% " n the test cell was placed in ethanol

(95+% for 0.5-1 mn and gas pressure was increased
Exangb'% the presence of snall bubbl es was observed. This

he |
i mages ok SIS Hone E R §0; Stk S s
pers&@@‘?ﬁ@ﬁﬁ@@%@gé 9013?%&% plﬁ“giﬁarbéﬂ Ah h@ﬁlgﬂb wﬁak@eﬁwés farmed
is n
when the seliaawas bogisd ghieIoRe ARBe B0G 2 aiF sl npgR!,

RUipgess was typically repeated two to three tines,
resp nt?‘? a constant bubbl e point pressure was obtai ned.
Exanpl es Cross-1|inking of PVP/ VA co-polynmer and PVP

aAGHERHSeS P Hhd 96 defrsASIILS tilat éfbsar(uulénglsf lswl raolecute weight

contal ning 10w % PVP/ V., Iia\” nré ? et at ?\/ /gnFle&'I;)’NA
PVP &idP 1 @%'SWRM)%%B’“@A FBPR RSB Wels
Copo@gr_ed at 100C for 10 hr. I\Io i nsol ubI e gel forned.

anpl e 2 An aqueous sol uti on containing 10m % PVP
K-90 in 1 G0OOppm sodi um

Example 17
An aqueous solution containing 10wt% PVP K-30 was prepared. An insoluble
gel was formed under the gamma radiation with the dose of 35 kGy.

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.



hypochl orite (NaOCl) was prepared. No insol uble gel
fornmed after 5 days. Exanple 3 An aqueous sol ution
W@ wbasIwang 10wt % PVP K-90 in 5w % anmoni um pePGUAHRI®6/000864
and 1000 ppm NaCCl was prepared. Heating at 900C for 2
Exam L ofi d not produce an insoluble gel. Exanple 4 An

et i TR, M R T B
or 1 wﬁé%ﬂg éﬂfnﬁétﬁyléyr%kiéne) @%rﬁ?ﬁea NG insollgs wastferntdtaon

annot” cause PVP or opol ymer to crosslink.
exposTitectoygasyen ssiaonmjthecdnssaf g8 KShi bi ted t he
cross-linking of PVP by persulfate. The increase in
perneability of hydrophobi c polymer/PVP hlend . .
el darmaTstR eI POV P ENTRE AN 1 Tasain dp the
S tS basivcerdl ke .of  PVP. One possi bl e
preserﬁgegson élms/an:\ at tﬁgZ?CPVP bl ocki ng sone snal |l er pores is
bei ng | eached out by hypochlorite, a strong oxidizer.
AL SRk UF homiStARE BB il chobiicabeoldaon PVP whi ch i s
easi |y washed out during the washing process. Exanple
5 An aqueous sol ution containing 10wm % PVP/ VA and 3wt %

g N&H&gfé%umdﬁfmﬁ Gnd AV dFTRGP blehe IgdibwitibrenmembhaTes
e SO

tion was heated at_ 1000C f 1. hr le 6
were preparpefien pelymer PlsRde Bfrﬁ\é‘i”:rﬂ”%@ 9’%&4&? &aﬂ‘é}éy ?/X,P% %
amoni um persul fate and 3wt % gl ycerol was prepared. A
brown insol uble gel fornmed when the solution was
Examipiea?®®d at 900C for 1 hr. Exanple 7 An aqueous sol ution

g g/péﬁ, b Fe AWM RMRNYANFD RSO Slutonct Saiddsamoentrations

ate was_ prepared._An insoluble gel d
and Haise! BHOOLG ariTBrer Ao e Er s Hogte el et eiiat BiTR
30wtdh ch::e}'ca stu*tio{\ et REShil él%‘i tlvkg/n E(i/%{feﬂAr%ﬂl téllmpemhﬁ'eu'ﬁabli 1

solut1on contai ni_ng o copo r
Showammsum%@ﬁ%?qbﬂttié(kﬂé%pﬁ PR .hopg%?hnéére;? Qgﬁé%fh Sr
perméaﬂﬁty‘yf d dBAbspRRmhgtsaniphenot subjected to cross linking treatment was
340 LHM/bar.

Table 1. The properties of fibres treated in solution at different conditions

Samples (NH,)2S205 Temp (°C) Time (min) Permeability
(wt%) (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 persulfate
had little influence on permeability.




formati on of an insoluble gel.Exanples 5 to 9 indi
t hat PVPA/ A copol yner can ge crongi nked with dlcate
weensuses e at tenperatures at or above 700C aPCHABRO5N00864
time. During the heating pn®cess, PVP/ VA nol ecul es
Emm@g%@egate toget her. The insol uble gel phase produced
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m
solutigreansUingaiedindhel weht eduembrang a Mavs %%W%%‘%B%D'é%? N
proce%@%&@&é} \?Vn ,@{Mat tenperatures of 6Q0C,

respectively. Exanple 12 An
aqueous sol uti on cont ai ni ng 10wt % PVP/ VA copol yner,
W %/Reaél!':lﬂg Rn%Be‘Pﬁ‘ésséflfﬁ)ﬁisQre%[&j i Wetsthibifntd ipeocees dt difisrent
prepare I nsol ubl e gel was forned at tenperatures
condiigns600C, 700C, 8Q0C and 9Q0C, respectively. Exanples

9-12 denonstrate that the cross-1linking reaction takes
place in the presence of ammonium ru:urc-nlfai-n fe o

Sampiewnss- | (NRi)AGOageTemt t erfpdPat ur ePSM-or  abpie (G5
The addl\mo,gn of ech decr gqafap t he| (LenpB) at uy ¢Pa)

I‘eGUI re to carr out_the lcr 0SS- |I |/\i nlg reae —Aan Thea

T UTT.

i sol ubl e gel0 forlM8 is i deit i cal t 934 he g;r f or me2Pd n

E)c?ﬁ{rgl es 5 tlg)vvtgo/ E\;)ggrerl 801330§n aqueosss sol utjon 250
i mi ng 0 - and 5wt ¢ ni um per sul e
wed prepared5 The "®fueous st ution @gﬁma ge whengﬁe

sotuttTom was heated at the tenperature of 600C, 7Q0C,
800C and 900C for 20-30 mn, respectively. Exg le 14
ArThegeiisovearly apwlifesencediatueen wet t&% /JrP@/‘lﬂY%t gpds n@b{f
treatlﬂgmo?hé' gbr‘ﬂﬁa‘f)ﬂl gf @ﬁrﬁ)nad?é’sslll’f‘ﬂ(% fiberk 'élébr%a@@d ditevaating in the
ueous sol ution becane
wet thermal process A comparlson of bubble points (BP) of t?eated and 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 5 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.



when the solution was heated at the tenperature of
600C, 700C, 8Q0C and 9Q0C for 20-30 m n. Exanples 13
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cross-1linked with ammoni umipersul fate. The gel forned
fromPVP K-90 is different to the gel formed wth

PVP/ VA copol yner. The whol e PVP K_gr a u [ ution
bEbiers. Hab broBReies ENSS AnaENSEE TERIRET REREH EX ng
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the cross-linking agent was much better than Na,S,0s,

Example 24

The wet fibres were immersed into the 10wt% ammonium persulifate 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)
1 171
2 5 343
3 10 621
4 15 980

The results demonstrated that sufficient immersion time is necessary to

achieve good resuilts.
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i nvention on a production scale, a wet thermal process

TabWe® sifdd th@tthe lpBsttfdBmBhiostesied nidhebraBeedsled greads increase
i Mersed into a solution containing the cross-I|inking
watefR&rmegbilityoom t enperature for some time. The
cross-1linking agent | oaded nenbrane was taken out from
h olution and heated in the wet. The nmenbrane
Exag]g?%é@ kept wet in the heating process. The results

ar erre&igwnt bibundiese Adbundle 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 A

Treatment of modules. Several modules containing 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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solution treatnment. The peRheability of non
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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




The wet hollow fibers were immersed into 10wt %
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wa@leioed3zte t he r
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ri ed sanpPEBFAWRN06/000864
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hr.
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Example 31

Vo5 kot fRsmempEenes
e 5bRAGE dvthbir vﬁ&ﬁlﬁfg NBEBoUH by theory, it is

Tabl e Table 9
o]nlcgp%o \ﬁggse

The PVAE/PVP/VA hollow fiber was immersed into 5wt% 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)
1 1111 1278
2 1181 1455




dose of 35 KYG The results are shown in Table 10

Tabl e 10Exanpl e 30 The PVAF/ PVP/ VA wet hollow fibre
wor®olizgacded with 5wt % amoni um persul fate and ROW/AW2006/000864

sulfuric acid and treated ##th gamua radiation at the

dose of 35 KGY. The results are shown in Table 11

- Tabl e 11 Exanpl e 29 and Exargl e ggl ndi cates that the
THE @eAlviSa®F THE/INVIRNTAQRARE AT Ines treated with

gamma radi ation is much | ower than that of the

menbranes treated w th peroxodisul phate sol utjon.
1. Rinoetbed offoening g W@r%@"'ﬁaewsw'm%@ﬁ%m?r?“? ?%Eﬁ?rlgeved

hat t Pyah' FRQIbIYrRErd MEmbihe ffdad a pelyner biedd athicn
@ann_ot fg)ge usegghp;oi r]ka_ge}f of | PVP/ VA copol yner which is
pordgian @ domponentavhish isgErssdinkaligrdlde 3 1 The

VdF/ P 88Uk inBEMarR émbrané edcross-iniosatid/eross-
E\sm’mni \J'Pr%/ag@%ﬁj*)atg go?uhti on for 30 mn and heated at

boeple eampongpt. and then treated with gamma radi ati on of
dosage of 40 KYG The results are shown in Table 12.

Tabl e 12THE CLAI MBS OF THE | NVENTI ON. ARE. AS. FOLLOWS: -
2 A megthed ereridiag ta annengyoiihe PERASHIRG %\Iaeﬂﬁ ShgEn @& %%PP%M

%ﬁrié’&%s%mﬁl@!ﬂg B%ydidphMeepar i ng a porous pol ymeric
menbrane froma polynmer blend which contains a
conponent which is cross-linkable; and ii) treating

" 3. §-\afingtr1‘38 [RLSrdiRg tdy BRI & Jieldih @nghdréin eiieosalyrheniilesdtamprises
Cross

I nkabl e "conponent. 2 A nethod according, to any
EBTToneR GV S ST g TEP LI RSOGO P Ra i ghent
Wb Giinkablcddidsonehthkabl e i's hydrophilic. 3. A nethod

et

according to claim1 or claim?2 wherein the polymer
bl end conprises a conponent which is cross-1linkable

4. a0fhethdiddcomlighb elafn @/ itiersintthe hyssphiobicadnidéor cotposent .
4. A met hod accor di ng to %I aim 3 V\,hetr eiogﬂhgr% olvmers
Hiplsallp Relymers-ATa seiecisB frogt He 9 YPHeBP Y9 Y REPRYRF e
SRINREEGR-TKE BlyRes, poRUMeamRisl poljintier bolfaarpolnipts,y mer s,
polyethylene and polypropylene and the like.

5. A method according to claim 4 wherein the fluoropolymers are poly(vinylidene
fluoride) (PVdF) and PVdF copolymers.

6. A method according to claim 4 wherein the polysulfone-like polymers are

polysulfone, polyethersuifone and polyphenylsulfone.

7. A method according to any one of the preceding claims wherein the component
which is cross-linkable is selected from poly(vinylpyrrolidone) (PVP) and PVP

copolymers, polyethylene glycol.

8. A method according to claim 7 wherein the PVP copolymer is selected from
poly(vinylpyrrolidone/vinylacetate) copolymer, poly(vinylpyrrolidone/acrylic acid)
copolymer, poly(vinylpyrrolidone/alkylaminomethacrylate) copolymer,
poly(vinylpyrrolidone/alkylaminomethacrylamide) copolymer,
poly(vinylpyrrolidone/methacrylamidopropyl trimethylammonium chloride)



wo b@oliddees 5. A net hod according to clai m4 wheCEAN200h/000864

10.

11.

12.

13.

14.

15.

16.

17.

18.

pol ysul fone-1i ke pol ynmers, polyetherimde, polyimde,
pol yacryolnitrile, polyethylene and pol ypropyl ene and

fl uoropol yners are pol y(viaylidene fluoride) (PVdF)
\Ag;?olﬁ}{gffﬁl‘;)@tﬂ&él&g@@@coleolfprapyls@g@e@ogscsiyem@trfowteglp@iwmayl

f one- | ymers are pol ysul f one
plsohel; n@yzmrhp@ﬁ'é of YRS IBFIERY | sul fone. 7. A net hod
according to any one of the precedlng cl ai ms wherein
t he conponent which is cross e | s selec I
M?Wﬂ B9eQ5GiRg i Glalanes § wiepl nalfh ' WHPKA%‘P@@FI) and’

arghWeis soluBle. A met hod according to claim?7
mhereln the PVP copolyner is selected from

pol y(vinyl pyrrolidone/vinylacetate) copolyner,

ROI%{BH %{;cﬁbﬁhé W 4 GAClaiths ¢ oRgitéld m@mi themomponent

oly(vin rroli one/alkla none acr | at e
gﬁng]ymg%/sse%kable is a water ms%lub hydrophilic poymer )

pol y(vinyl pyrrolidone/al kyl am nomet hacryl am de)

copol yner, pol y(vi nyI yrrol i done/ met h c I am dopr opyl
tAx MeEioRECaPRInG: 10 FladR | Mft?éﬁ'egiﬁo 9fﬁélns°ﬁ VANIURT R e

e?fl‘}leée ao%%é%%@&ﬁlf@r@a&bmymbr pol yel ectrol yte,
yvi nyl al cohol, polyacrylic acid or m xtures

thereof 9. A method according to claim7 or 8 wherein

tﬁbﬁewtdye{c\ébwd%rahylohs@nﬂeae ;freeséa)h i nmaimg\mmpmﬂwe/mss
are water sol ub od, accor di.n
FonemaliGTeoBS:s ¢ G1golelEl HerReT BRI A e e
cross-linkable is a water insoluble hydrophlllc

pol ymer. 11. A nethod ag rdln .to claj Q.
A etaiaRceacooisits G e ) e prpecting parBul St BsP o
SiHkirgraB e ¥ @BEmicaprodesset hod accordi ng to any one
of the preceding clains wherein the porous polyneric

menbrane is a mcrofiltrati on nenbrane or

Uh thcihdd Adcatdimtorarimiar Bneherd®. thé\crostHinking reatrutinb i & o
any one of 'the preceding clains wherein the
c@"t%%'Pﬁ"ﬁR‘UH@n PO&E¥hent is a chemical process. 14. A

nmet hod according to claim 13 V\,her e| n the cross-1inking
treatpent is a ch mc ol ut C d
L ORERhEoB I & ST BBl HhE SRR B cNacted Wh1g
ConLiifsi @mtamihd) cdss-linking agents to cross-link the hydrophilic polymer in

the membrane.

A method according to claim 15 wherein the chemical cross-linking is performed
by heating the membrane containing the component which is cross-linkable at

temperatures in the range of 50°C o 100°C.

A method according to any one of claims 13 to 16 wherein the cross-linking

agent is a peroxodisulfate species.

A method according to claim 17 wherein the peroxodisulfate species is provided

by ammonium persulfate, sodium persulfate, potassium persulfate or mixtures

thereof.



solution containing cross-1linking agents to cross-1link

the hydrophilic polyner in the nenbrane. 16. A nethod
w@ewoensiong to claim 15 wherein the cheni cal PCT/AU2006/000864

cross-linking is perfornmed2by heating the nenbrane

19. 9\%5%8 I2060rtiRG t& OEPONE Whekdin et dréssﬁlfrﬂk&@ |$ baﬂﬂa@ bat wway
enperatures in the range, of, 5Q0C

oy @auwmmglswhaﬁ%%\t?é“'a@ Se'PB‘Pfh’Ba"i@ ?BGTéO%B‘é'P%?tﬁ

‘cgﬁcé‘rﬁr%ﬁén bi tevEsh AERAD. iwtvparkerontadi sul fat e speci es.
18. A nmethod according to claim217 wherein the

per oxodi sul fate species is provided by anmoni um

20. REfRtHobAcBordmgdh BEIM a0 SiHeklh ehe @agsammgrm perried loLiabeway
m xtures theréof.19. A nethod accP h%‘a'i‘to C

Wi @R EaHeQuseEesisulphale-eRptaIaIng spiUfl 9 B;PGW&S?H}?#"Q%E

APHESMiBR bPYRE &Y PR ANt %aHdEwYg sol ution having a
per oxodil sul phate concentrati on of between about 0.1wt %

and 10wt%20 A met hod according to claim19 wherein

21. A %e@ﬁd&!sa%cbr'd%' 18 @idirh 20a4Hdred tw&robs/nmmg .efcaaredamm bpuay
per oxodi sul phat e- cont ai ni n sol u

e oreSPaA TS EE e TEa “Buig R e Hrdediyphate

cB¥itatfon 2f BetwBe FBbHRDWARLCATdIBWRY..t 0 cl ai m 20 wherein
the cross Iinking is carried out by way of an aqueous

per oxodi sul phat e-cont ai ni ng sol uti on having a
22. PRERNRS a%%rﬂlh@tt@ aﬁpaﬁ@m didlins A 621 hekwiretheabmsstindng ¥

and 6wt % hod acc Q_an of clai ns
1%arigd %tbymépé? HOIFWE‘ \P,’P'Sgg’rﬁ\eﬁgc?rhﬂn? §.¥8§‘$€I ed out by
way of a solution V\,hl ch further contains an additive
23. A nethod, acco im wher el n

23, SIS 1 Ao A bRt fhe BT R hPrgeE gg, organic
ab&@BRd/sr aﬂé&ﬂmo@tdmrotrﬁammdnomlmmmr s. 24. A method
according to claim?22 or 23 wherein the concentration

of additive is varied in the range of fromO0.1Iwm%to
24. 1RWShod2&oconinib kR 22ep pdiwhgrdimthel cahcerdatiomef asidiiive fee

concentration of addi t ried in the range of
f Yasiadan Beprargeseifmm G4\ O)/?%(?‘Wc{g according to claim13

wherei n the nenbr ane first absorbs the sol ution
25. ﬁg%b&égg@&ﬂqﬁtﬁl%%gvhﬁgﬂ tthe‘r’lcno(;lcctan reatiBr“? %Pgéo‘fi’tf\]/te ié \9&%@%
the range of from 0.5% to 5wit%.

26. A method according to claim 13 wherein the membrane first absorbs the solution
containing crosslinking agent and the resultant loaded membrane is then heated

at the required temperature.

27. A method according to any one of claims 1 to 12 wherein the cross-linking

treatment process is a radiation process.

28. A method according to claim 27 wherein the cross linking process is a radiation
process wherein the membrane is exposed to gamma radiation, UV radiation or

electrons to cause cross-linking of hydrophilic polymer.

29. A method according to claim 28 wherein radiation treatment is completed with

gamma radiation or UV radiation.



at the required tenperature. 27. A nmethod according to
any one of clains 1 to 12 wherein the cross-1linking

WO e@ats®ed process is a radiation process. 28.PEI/ABL106/000864

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

according to claim 27 wheréétn the cross |inking
process is a radiation process wherein the nenbrane is
exposed to ganma radi ation, UV radjation or eh%étrons
Adnethod aceording ta ¢laiR) 28y WhereHy e saHRliqnds gamynrsiadiabgn Mya
BELA0ds BREAHIESY BnghaDIRGAR wher ei n radiation

s conpl eted with gamma radi ation or W
radi ati on. 30. A nethod according to claim28 wherein

A8 wharliriHeGBdibtlorfis dafR@eradtation in a
g}ﬁ%}@gﬁb? %@gltoggl'gloo KGY, ! f. A net hgd according to

dbmgﬂlagemﬂéiod(@ﬁénﬁégﬂgﬁon is ganma radiation in a
dosage i s between 10 KGY and 50 KGY. 32. A net hod
according to any one of clains

¢ methotl anrirdigy te aax Armef PriBEes 1|23W'éef?'ﬂw€%f°sﬁ 'B'S'é%s
%,%atm%d{fﬂ&ggsg EHhAIPré@ss! ai m 32 wherein the thermal

rocess 1s conducted by heating the nenbrane at a
terrperature of between 400C and 15Q0C. 34. A nethod

3¢ b ré%cérem%'t@bm@ 22 QfheRSn Wetheinfal heces Brovabucted by

process 1s conducted heatl the n
theafieg hieunemiyang &t %\éeéﬂp%"@b’@ ‘@% %‘% %O?rét hod

according to any one of the precedlng cl ai ms wherein

JECAERU RIS SR S b W

%fﬁ%ﬁﬁ %é\nbméra@b 16Hhp&ease 3bbethesm 50RMarat ta0°ai ng
al wherein a conbi nati on of a chem cal

process and ganma radiation is applied. 37. A nethod

A% i bRy t@'dﬁy%ﬁe\ﬂﬂﬂfe%récémﬁ; @hlemwfaalrelp tiee emss-and
ganma radi ation is app g%m?u tiall

slmlﬁmlgtt@ﬁmﬁmpoce%es R8s TR o Ot ghemie of
t 18 cd¥ses patlitdn(réde®® anbierthemdl pocesoss | i nkabl e
conponent Is incorporated into the polymer dope in

menbranes prior to casting. 39. A nethod according to
aR Yndth &dcofdiy tkcidimt 35 Wiersined edmbihdtionaf ashetriicak plwicess

and gamma radiation is applied.

A method according to claim 36 wherein the chemical process and gamma

radiation is applied sequentially or simultaneously.

A method according to any one of the preceding claims wherein the cross
linkable component is incorporated into the polymer dope in membranes prior

to casting.

A method according to any one of claims 1 to 37 wherein the cross linkable
component is added as a coating/lumen or quench during membrane formation.

A method according to any one of the preceding claims wherein, after
crosslinking, the process further includes the step of leaching unbound excess

copolymer.



ii)

42.

43.

44.

45.

46.

47.

48.

conponent is added as a coating/lunmen or quench during
menbrane formation. 40. A nmethod according to any one

w@boobhasope ecedi ng cl ai ns wherein, after crosslPCRANZN06/000864
the process further includ@® the step of |eaching
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mcrofiltration or ultrafiltration
mmnaaeomhommt@@ma$ geosglinéARvnent which is

t?éa%}é fsgi rﬁﬁyﬁbzﬁrc rhﬂc?ofﬂtfa%@ﬁ bPaitaAtratidongMerane with a cross-

on or ultrafiltration nenbrane with a
mm@ggenkiq@owmsatdocr@%wap|erﬂ9“§°5’in8"tcPB%s i nkabl e

%8%.%‘ﬁ ri(osgrmkéd érbss- mblé@)m%néhpﬁ%nyl nked
I nka

Cross 'e conponent, if any. 42. A porous
polynmeric mcrofiltration or ultrafiltration nmenbrane

JAE)%Ir(JIﬂE r%ﬂ/r@el{%rrﬁiﬁﬁnﬂhﬂa%ﬁ dr birefieaitn mempeingrmeluding a cross

orous polyneric mcrofiltration or-
hrhl‘telddedTOlPhél@P@b{m%ﬁbﬁ%ﬁﬁ?@/'%ﬁfcor ding to claim42 wherein

the cross |inked hydrophilic polyner or copolyner is
integrated into a matrix of nEN Cross- l'nkedm%nt%/c?e(im

Ammmrmmﬁ@fﬁtlonmuﬂfﬂ 'Ha?%%‘e [3geqegrd
q%ge%IMHeaéerJllrfRé? H&/arroeﬁm& bél?ﬂhbﬂa @F}yg\;ﬁn & lg:eSwteld frgo

ﬂemirlanfea nem @"@Sﬁﬁﬁlfﬁda"i‘f@?‘lf rhyfjr"&?‘og'ﬁ&%“p%‘?ﬁ}r ane. 45. A

porous polyneric nmenbrane according to any one of

claims 42 to 44 which is F/.PVP or PVdAE/ PVE ;
CopubyeelypeihaiGrefHiRtion s u|t@gﬁra}iorb BPH!P?'E)%? g}s@) n%to claim

MBI ERE HRGEM B A 8ol fdréimBntbrarie) tubedndiybrane or flat-sheet
di ffusi oni nduced phase separation process. 47. A

pegrorengol ymeric microfiltration or ultrafiltration
menbrane according to claim42 or 43 in the formof a

wet nenbrane. 48. A porous | ymeric
o Parpt? eglYMeHCMPRRr AN ASFAABTIR HBY o, gut‘?naﬁ%%ﬂ sa
BdePiber PotErefP @orﬂ*ﬂnéf&ilﬁﬁdaﬁ@nbranes.

A porous polymeric membrane according to claim 45 formed by a diffusion-

induced phase separation process.

A porous polymeric microfiltration or ultrafiltration membrane according to claim

42 or 43 in the form of a wet membrane.

A porous polymeric microfiliration or ultrafiltration membrane according to claim

42 or 43 in the form of a dry membrane.



