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TECHNI CAL FI ELD: The invention relates to porous nenbranes whic e

modi fi ed Rypisgsds 15 properties inparted by the additi on pfy R85!
nodi fiers. BACKGROUND ART: Synthetic nenbranes are used for a variety of

applications including desalination, gasiseparation, filtration and
dialysis. The properties of the nenbranes 20 vary depending on the

nor phol ogy of the nenbrane ie properties such as symetry, pore shape and
pore size and the polynmeric material used to formthe nmenbrane. Different
menbranes can be used for specific separation processes, including
mcrofiltration, ultrafiltration and reverse osnosis. Mcrofiltration and
ultrafiltration are pressure driven processes and are distingui shed by the
size of the particle or nolecule 25 that the nenbrane is capabl e of
retaining or passing. Mcrofiltration can renove very Substitute Sheet
(Rule 26) RO AU 13 July 2005 WD 02/38256 PCT/ AU01/01450 2 fine coll oida
particles in the mcroneter and subm croneter range. As a general rule,
mcrofiltration can filter particles dowmn to 0.1 m whereas ultrafiltration
can pass through particles as small as 0.01lm Reverse Gsnpsis operates on
an even smaller scale. 5 As the size of the particles to be separated

i ncreases so too does the pressure required to carry out the separation
and the density of the nenbrane.

10 TITLE:

MODIFIED MEMBRANES

TECHNICAL FIELD:
The invention relates to porous membranes which have modified physical

15  properties imparted by the addition of chemical modifiers.

BACKGROUND ART:
Synthetic membranes are used for a variety of applications including
desalination, gas separation, filtration and dialysis. The properties of the membranes
I20 vary depending on the morphology of the membrane ie properties such as symmetry,
pore shape and pore size and the polymeric material used to form the membrane.
Different membranes can be used for specific separation processes, including
microfiltration, ultrafiltration and reverse osmosis. Microfiltration and ultrafiltration are
pressure driven processes and are distinguished by the size of the particle or molecule

25 that the membrane is capable of retaining or passing. Microfiltration can remove very
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A large surface area is needed when a large flux is required. Ofleﬁrl\f;%Os
technique to nmake filtration apparatus nore conpact is to form nenbranes in

t he shapew@i§z23%0! | ow porous fiber. Mdul es of such fi brggyeamiessgade
with an extrenmely large 10 surface area per unit of volunme. M croporous

synt hetic nenbranes are particularly suitable for use in hollow fibres and
they are produced by phase inversion. In this process, a polyner is

di ssol ved i fineeplipgal pprtickes én the Imicmetardnd sshmicednatervangso sAs y galerdl male,
solution is achieved. The polymer solution can then be cast as a filmor

hol I ow fi bermicofitlafien cad W palicled ddwho BI 1§, Ritledak Altridd-Richlah pass wat er .

Thi s causes separation of thé honbgeneous polyner solution intd a solid

pol ynmer and Liquid solvent ase. . The_precinpitat.ed | yner formnms por ous
et ur o colehetmag eI Bl Bt REF e Brudss ppdtelof onerdeEr o ¢ hat
affect the menbrane structure and properties include the polyner
concentratio¥alet he precipitation nedia and tenperature and the ampunt of
sol vent and non-solvent in the 20 pol yner solution. These factors can be

vari ed t @ produceAsties dpufthsparidby @itrSepartied itrdaa6050 toa dgs 1 pRe&ige Si zes
(fromless than 0.1 to 20nm), and altering chemcal, thermal and nechani cal

properties. r | | ticularly well
LS00 L B0 G U Eh IR PO By

suited to the ion of renoval acteria. O all types
of nmenbranes, the hpllow .25 fiber nt.ai ns the, | argest rane area per
ni T vol une. " Subs PR ERER e FRePE s Ty 5 fijireboate e, 35256
PCT/ AU01/ 01450 3 Different techniques can be used to induce phase
separation ai§ehpqusiareaksdiliraion appaighisanes compa is/fedprny mesiraney in theghapg vent
can solidify upon cooling, which is known as |iquid-solid phase
separ ati on. dfmlsdlosepanad filber. daniubs of sehbhciisteetdntiermdle vath sreegpinadylaggec hange
or by a change in the concentration of the solution. These two 5 processes
are ref efg edsurface freh PeF @Bt dwolsiced phase separation (TIPS) and diffusion
Microporous synthetic membranes are particularly suitable for use in hollow

fibres and they are produced by phase inversion. In this process, a polymer‘ is dissolved

in an appropriate solvent and a suitable viscosity of the solution is achieved. The

polymer solution can then be cast as a film or hollow fiber, and then immersed in a

15  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 netwotk of uniform pores. Production parameters that

affect the membrane structure and properties inclnde the polymer concentration, the

precipitation media and temperature and the amount of solvent and non-solvent in the

20  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 altering chemical, thermal
and mechanical properties.
Microporous phase inversion membranes are particularly well suited to the

application of removal of viruses and bacteria. Of all types of membranes, the hollow

25  fiber contains the largest membrane area per unit volume.
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I nduced phase separation (DI PS). The norphol ogy i nduced by phaS@sgﬁﬂgﬁgbgon
needs to be secured and hence solidification of the polyner phase eds'to

be achi evggygasgadshe TIPS process this is usually done by I‘H’I?tf}(ﬂhmg45bhe
tenperature below the glass transition tenperature or the nelting point of

t he polyner. The DI PS process uses a chanﬁe in 10 concentration, caused by
diffusion of a solvent and a non-sol vent, to induce a phase separation.
W th this techni didferdntéechnighescahibeesedtorihdizs phasersepaatictuasichremirapolgmer
bat chwi se process. The DI PS process has an advantage that asymetric

menbranes CafemBidfiéd. YA POlyhit BRSolvédinaddivehféhn sbh&ify ﬂ#éiﬁédwng,fw]ﬂ% {sow fibers
can be perfornmed at room tenperature, whereas the alternative process -

Lempor at ur o b EE R ABRE IR Byt (FHogeSeph i B TpOliecd M a1

Is relatively easy to control the rate at which nmepbrane, forpmation takes

pl ace by chéﬁﬁpﬁa&%@la@gﬁ%ﬁ(?ﬁhqnéﬁnbﬁlef’%eﬁ'ﬁ?ﬁ@(ﬂﬁhﬁd%ﬂ% These ¥ pol yrer
solution. The disadvantage however, is that macrovoi ds can be produced, in
t he for msof procegesslaidaeferiadtto as thersaliynindired phadersaparatioiEP S)eand eliffesiome
mechani cal strength of the nenbrane but 20 can be avoi ded by choosing the

ri ght conposihiiced pRiseSepathiic(DIPS R TIHNAGPhOBEIP MBS By FoaRé Siparatidn nBedshs
foll owi ng way. A polyner solution consisting of a polynmer and solvent is

brought int ' - . V, I4f f ds
into the co%ﬁ&?ﬁ'&?@%\n%ﬁe g?\lgﬂ ﬁﬁa}%h\égﬂ{se &oﬁgﬁ?r p\?l\ngﬁ ﬁ%ﬁ? ?’ugseedé;&%?eo&%\r%@é cast
film After I ven peri,od of tjne he exchange of the non-sol vent and

sol vent SubshiPb ReeBis s UE‘F@E‘Wé‘JOE%E?Y dReDADE 1 5 r%sgelov@heaba%mmn
PCT/ AUW01/ 01450 4 has proceeded such that the sol ution becones i

t her nody nanitempérgtugmen thi meltingpaietimt thapplymerc (he DIPSabdeys wses hghangadiet | s
obtained with an asymetric or symmetric structure Hydrophobic surfaces are

defined ms "coBtepkration,ica@seddydliffyssrO@td dohvens atid D6@BsdlBent, todidiice h Pihgeg” . Many
of the polyners that porous nenbranes are nmade of are 5 hydrophobic. Water

can be forcedn OO il W RRNAB) the HRIRY AD& Miinbi3festre Bl Bt a

batchwise process. The DIPS process has an advantage that asymmetric membranes can
easily be formed. In addition, the spinning of hollow fibers can be performéd at room
temperature, whereas the alternative process — thermally induced phase separation

15 (TIPS) requires much higher temperatures. Since DIPS uses the diffusion of non-solvent
and solvent it is relatively easy to conirol the rate at which membrane formation takes
place by changing the concentration of the non-solvent bath and the polymer solution.
The disadvantage however, is that macrovoids can be produced, in the form of fingerlike
intrusions in the membrane. They decrease the mechanical strength of the membrane but

20  can be avoided by choosing the right composition of solution. |

Flat sheet membranes are prepared in the following way. A polymer solution

consisting of a polymer and solvent is brought into contact with a non-solvent. The
solvent diffuses outwards into the coagulation bath and the non-solvent will diffuse into

the cast film. After a given period of time, the exchange of the non-solvent and solvent
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pressure, but the pressure needed is very high (150-300 psi), aq?%@izoos
menbrane nay be damaged at such pressures and generally does no one
wett ed eveiy dazsidsdr ophobi ¢ microporous nmenbranes are char gghe(igsRdshy their
excell ent chem cal resistance, bioconpatibility, mechanical strength and
separation performance. 1o Thus, in the dpplication of water filtration,
such hydrophobi ¢ nenbranes need to be hydrophilised to allow water to

per meat e t hehmas pacgedby sirchghat thecsolwtionrcadpesthermmalynamica iy bhstalilo andvieraimih gUF
menbranes that require nechanical strength and thermal stability since

wat er nol ecubgsur®! PinallyneflaiehSet 9 oithined Weth 48 aSymabiiicR & etric structure
pol y(tetrafl uoroethyl ene) (PTFE), Polyethylene (PE), Polypropylene 15 (PP)

and pol yvi nyl i den L. & t yl_ar | e

hydr ophobi ¢ nmenbr g{i{eﬂ oﬁg{)ﬁelg?%?%.\ép%l{%\%ﬁ%% 3‘532% hflﬁﬂu%r @eh@%@ﬁ“éﬁg&s%m -
crystal line pol r.cqntaini a crystalline phase and an aporphous phase.
The crystal FWﬁé{I&’fﬁé- BfWiogg?Rj’iﬂécrﬁ Regou W&Bﬁ%ﬁnﬁ/a‘(ﬁlﬂ’i‘@‘)fgﬁ‘e anor phous
phase has flexibility towards nenbranes. PVDF, exhibits a nunber of

desi r abl e5 chhydrophaohict Weter tar bforeedithroagle a Apdroplobi¢c membrinediyude nfjsufficiental
resi stance, chem cal resistance (to a range of corrosive chem cals,

i ncl udi ng chpgshire)but BRGrave@eMeEddd il Vers BSdh1 80560 il dht ¢t nefbRine May be
polymer's surface potentially can maintain a polyner's desirable bulk

properties b i | | | I es.
NVertbr anes. modk e i R Gl nd kloBfy Hoos AUHERBRL BROA RENL She (o
fouling than the hydr.aphqbi ¢ pol yners. I n sone instances, sutface
ol {1 2at i on of -t FECHRGNE FBHPBAPRy MeaGes s BaaHER o R pe SSRGS AU 13
July 2005 WD 02/38256 PCT/ AUOL/ 01450 5 resistant polymers has rendered
t hem | ess suskwpcilseustanses bigtompptibilitfmenhsnicalstrangih énd separajtonfpsriompance.
surface nodification of polyners. The nobst common exanples of this
chemi st r yo ar #hus &c theapplidatiah of Watep filtetion, such gidroplyiée eknibumet hesdab bgr oup or
m xture of functional groups.

hydrophilised to allow water to permeate them. Many hydrophilic materials are not

suitable for MF and UF membranes that require mechanical strength and thermal

stabilify since water molecules play the role of plasticizers.

Currently, poly(tetrafluoroethylene) (PTFE), Polyethylene (PE), Polypropylene
15 (PP) and polyvinylidene fluoride (PVDF) are the most popular and available

hydrophobic membrane materials.  Polyvinylidene fiuoride (PVDF) is a semi-

crystalline polymer containing a crystalline phase and an amorphous phase. The

crystalline phase provides good thermal stability whilst the amorphous phase has

- flexibility towards membranes. PVDF, exhibits a number of desirable characteristics for
20  membrane applications, including thermal resistance, chemical resistance (to a range of
corrosive chemicals, including chlorine), and weather (UV) resistance
Modification of a polymer’s surface potentially can maintain a polymer’s
desirable bulk properties but can provide new, different interfacial properties.

Membranes made from hydrophilic polymers are generally less prone to fouling than the

25 hydrophobic polymers. In some instances, surface modification of the more chemically
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5 1n general, all techniques of hydrophilisation of polyner surflggﬁﬁy 2005
i nvol ve an increase of the surface anount of polar groups. From

M croscopifp @Msids of view, the basis of surface hydrophi lﬂcﬁ%ﬂt}ﬁ%l#
maxi m se hydration and hydrogen bonding interactions. sor oxygen
nitrogen or sul fur containing organic funcétional groups can interact with
wat er nore effectively than conmon carbon based repeating units. 10 There

are various pesistend polyatersiesksréntgred (e huse Rescoptible DOBuIG, THMealoud fShsiquéhe
met hod of hydrophilising a porous hydrophobic nenbrane has been to pass

al cohol thr
wat er . Surfa%%igﬂnftogagn a pgéﬁké}%gaﬁﬁgﬁ V\%t'}tl a g ycerol coatll ng ave aI Yo)

been used. This . s an ad tion, to, the SO Ion

wat er remain S‘F’ﬁ@reﬁS? &BW@&B uce;asis %%PEBJHFQ ﬁ] ?ﬁtt he
pores either Mhoﬂ%ﬁ or partlally, and they are filled with alr, the

hydr ophi | i sefmngs &HAPBs rendered hydrophobi c again, and water cannot pass
through the pores if it is not subjected to high pressure. It is an object
of the present i niegdnernl, dllaechniyues sEhywiroptikiation of polginet @rBices maveﬁnt he

di sadvant ages of the prior art or to provide a useful alternative.

Substi tute Sheelse 6UkSudfe SRR EO l?%{\)lanﬁ% éé;:‘(ﬁggpdlxﬂtogﬂu?év?rfﬁgr

2002 6 13 JUL 2005 DESCRI PTION OF "THE Accor to i r’st

aspect the i vent e [QV or ne rmed froma
bl end of a p Efa%e t‘&@%&msﬁ t'e'* “EEV %ﬂﬁlaﬁﬁ%ﬂl%aggﬁg a
reactivity npdifyi ng ent adapted to nodify the surface active properties
of the por ouBHSFAGHIG rigehergse neegam; o suly uisiniag ergasicyirational grptisane
formed fromthe polyrrerlc menbrane formng material alone. The term

"bl end" as usadnteesct withredtermoreefactively tham temmoxtcarben basedlrbpoating while

pol ynmeric nmenbrane formng material and polyneric reactivity nodifying

agent wWhigh There are various methods for weiting a membrane on a non-permanent basis. One

method of hydrophilising a porous hydrophobic membrane has been to pass alcohol
through the pores of the membrane, then replace the alcohol by water. Surfactants and a
post treatment with a glycerol coating have also been used. This is an adequate solution
to the problem, so long as the water remains in the pores. However, if the water is
15 removed from the pores either wholly or partially, and they are filled with air, the

hydrophilised membrane is rendered hydrophobic again, and water cannot pass through
the pores if it is not subjected to high pressure.

It is an object of the present invention to overcome or ameliorate at least
one of the disadvantages of the prior art, or to provide a useful alternative.

20
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- requires' that' the two conpoenents be conpatible, ie miscible, wi thC'D[)!ﬂj()]/()1450
another. 10 Preferably, the polyneric nenbrane formng mﬂe@éﬂv@d 19 SeREmb&¥002
reactivity relative to the reactivity nodifying agent. The pol yngrlﬁ
nmenbrane formng material may in some cases desirably be |nert JUL 2005
Preferably, the polymeric nenbrane forming material is PVDF, especiall y

“hydr ophobi cp, E&‘Bﬁm%foﬁ@)ﬁﬁﬁ&m‘q ef erred enbodi nents, the pol yneric
menbrane form'ng naterial ysul't one. The term pol ysul fone i's used
herein in the brogad sense..in mhlch it i's , understood by those skilled in
the art, and is DREEAEEAC AAIrEReRArhHSINYFAIOR Prodfies %@TOE%PMYT&@Q@emba@Gt he.
polyether sul fones, polyaryl sulfones (in particular, polyphenyl sulfone),

pol yal kyl sfwk'nho«xhésm pblepdiohh kylynerit hromesamnfbrinieg matesial 2@ adcmbydtidigastao a

. second aspect, the invention provides a nmethod of preparing a porous

pol ymer i'c: NRERiAHYNSAEY oAl Bipidb ntlRliBShesteRe LN dropBitiks ¥f MY GHJ%Et is

- bl.ended in the surface active porous--pol erEI’IC rrenbrane E |ncorp ratlon‘ :

-into the b r i Vit a_ent - ‘
understgodlﬂcgﬂfn% r%lutrelﬁﬁi(e |arﬁ?ré‘ﬂisl?°g 91&' Af‘% ?our of the
-menbr ane and/ or the rrenbr ane surface to chem caI speCIes. AVENDED SHEET -
| PENAI f PCTROADT.HSBhranedeunipg qatgiabalonenber 2002 7 13 JUL 2005 In
addition to reactivity, the menbrane may be nodified with respect to other
properties. ForThaetmifblendaapaset hewirarelfors pr af etinete méxtatel otiallyy bothee

nodi fied i.s the hydrophilicity / hydrophobicity and/or the surface char ge
of the ”E”tﬁoﬂﬂﬁen?ﬁﬁﬁﬁfﬁ@fwmxhg%a&&?&%ﬁd’bé%n@ﬁg&éa)éh%yﬁﬁﬁﬁ’}qng an y%j{m“ ¢

reactivity nodifying 5 agent, in particular a |inear po yrrerl
Mbst pr ef er@&ﬁﬁ(esttﬁﬁ tfi)é) lvyorrgrnllpconem%%%tclor\ﬂp%%blgogInjnxmgg wgt‘ﬁ one Iatnot ernt reztMm

10 Preferably, the polymeric membrane forming mate;ial is of low reactivity reiative
to the reactiv'i-ty mo'difyihg agent. The polymeric ﬁlembrane forrhing mateﬁel mey in
some cases deeirahly be inert. |

| Preferably, the polymeric memhrane forming material is PVDF, e_shecially
hydrophobic PVDF_.

is In al_terhative preferred embodiments, the polymeric membrane forming material
is polysulfone. 'I'he tefm polysulfone is used hereih in the broad sense in which it is
understood by those skilled in fhe aft, and is infendcd tc encompase pol.)-/sulfonc per se,
as well as the polyether sulfones, polyaryl sulfones (in particular, polyphenyl sulfone),
polyalkyl sulfones, ponéralkyl sulfones .and the like. |

20 .‘ According to a second aspect, the i1_1vention provides a method of prep_aring a
porous polymeric membrane wherein an ahhydride asa reactivify modifying agent is
blended in_the surface active porous polymeric membrane by incorporaticn__into the bulk
material | |

By reactivity modifyiﬁg agent, it will be understood to include, but not limited to,

25  the overall behaviour of the membrane and/or the membrane surface to chemical species.
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In afirst embodiment, the reactivity nodifying agent is include@CmAt0e/01450
surface active porous polymeric menbrane by incorporati oRedeffed 1O/ pRishter 2002
material, for exanple, by combining with the polymeric nenbrane %(ﬁ}g}l’n—g 005
material prior to or during 10 menbrane farmation. In particular, 't
reactivity nodifying agent is added to the polynmer dope nixture before the

menbrane i sueafdition Eeh@RSE Mk e gihd Ml L rpaorated into
t he nenbrane inléonregct_e or %er eactge%ia?g?%% %@ﬁ%%ﬁ%&ﬁ%&?@ﬁﬁﬁs-
agent incorporated into th ol ymeric porous nenbrane.nmay he subjected to
cheni cal  nofPt RGPS A FATHRAA LTSS Taolkich oo BPRIGRART (6 T RPREEY dno.  One
preferred chem cal nodification is hydrolysis to render the menbrane

hydr ophi | i chy@pplgbighednséordhe stréaee chirgaobibeimembrans i ncl ude cross | nking.
In a highly preferred formof the invention, the GantrezTMis included in

the nenbrane duPidferabiy thetreavtivap ehddigingaspeht i8 Atpo SRR eddvimdhddi

menbrane is then subjected to crosslinking or an additional "treat nent

whi ch i fi r: MY SUG 0 ' ne..or re. of

ot raet iyl etingnn darotler st o AR kM b Ry B e e )
sulfuric acid éHZSOfLmBoI yet hyl ene %I. ycol (PEG, calcium carbonate .
(CaCoB). Melfrifbsme £ AR 15 @arirs2Ve surface groups; such as acid or
-anhydride groups resulting fromthe incorporation of Gantrez can be

crossl i nked w t hIica §ss kinbkdintpna theveacti @y hodifdngagent deinbivdkhese sliigedegr ee
~of incorporation and extent of crosslinking can be " AVENDED SHEEP | PEA/ AU

PCT/ AUO 1/ 04A5@ polas ployeskrikdn S8B1a88 B¢ incdB%atbrlinto) e bafl0RateHSE ?or{te?ﬁzlnglemy _

eonstruct a nenbrane suitable for reverse osnosis operations.

pol ymeric r - fyi ents,such as Gantrez can. form.porous
ol ymeri o B it JRE R ARARE SpBE fo i B n680 i FHBE o
substrates for rev%rse osnpsis. nenbranes. |5 When the reactivity nodifying
agent i W n@S‘F’ﬁ(ﬂn&t télanartwpohltwén%qtry%rrp@twﬁy modifying agent is added to'the

polymer dope fnixture before the membrane is cast.
The reactivity modifying agent may be incorporated into the membrane in a
 reacted or unreacted form. The reactivity 1ﬁodifying agent incorporated into the
polymeric porous. membrane may be sﬁbjected to chemical modification subsequeht to
15 incorporation into the membrane. Qne preferred chemical modification is hydroiysis to
rendé_r the membrane hydrophilic. Other preférred chemical modifications include cross
linking. In a highly preferred form of the invention, the Gantrez™ is included in the
membrﬁne during formation and the resultant Gantrez™ modified membrane is then
subjected to crosslinking or an additional treatment which modifies reactivity, such as
20 treatment with one or more of tetraethylenepentamine (TEP), tris- (hydroxymethyl)
_ aminomethane (TRIS), Sulfuric acid (H;S0Oy), polyethylene glycol (PEG), calcium
carbonéte (CaCOy). ) |
Membranes containing reactive surface groups, such as acid or anhydride groups
resulting from the incorporatién of Gantrez can be crpsslinked with crosslinking amines

25 to form amide linkages. The degree of incorporation and extent of crosslinking can be
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renbrane forning material before or during nenbrane formation, i tPGEAU01/01450

A

preferably adapted to conbine with the nenbrane formi ng Reeavédal® September 2002
amount such that the conbined precursor to the surface active porottg 2005
pol yneric menbrane acts as a single f ,.8 phase m xture. The nenbrani I‘ny);*
then preferably be prepared by known methods in 10 the art. Most
preferably, yidd tb%oﬁmgmtegfbea sHRAdIOY bR & SBRIRIAGRrRond. T Bs whpet

ir

menbrane. According to a aspect, . the invention al so provides’ a nethod

of nodi fying_,.the surface of. or ous  pol r.menbrane including: .i)

bl endi ng’ anPabRFaF Fefiady BoruseE FemS BB at FrHEE Bhe RO RP R POBAe | o
menbrane 15 forming nmaterial and ii) fornming a nodified menbrane. The

i nventi on ams@opHnipn es ubirfiicpsion masnbranpsivhigh actrs gibgteaéesfertsivanse osmosis -
accordance with the preceding aspects. According to a fourth aspect the
invention pmeuwibdessa bl end of a 20 nenbrane formng polyner and a -
conpati bl e second pol yner, said second pol ymer being capabl e of chenical

nodification aft, eﬁqu' . I f; t: tibl.e second
pol ynera%s corrpa?\lnb e vmfet% 5&@%@%%%%&%@%%&&19%0@%E%egrl:abI y, both.

AMENDED SHEET i zg.'}1%-.]vk.u 13 Jul j{2}005 WD 02/ 38256 PCT/.AUOl/Ol4fgo ? The
conmerci al CSPYF ?n@ﬁﬂaéeiiﬁh/ﬁe e GAURRLIITRRIARS fRrmationdt srgplerely
anhydride), is a linear polyneric anhydride which is available in several
nol ecul ar PRt comgms with e meemithrany losmingvaatarislyitan asmosint sushithatthe
GantrezTM structure and the extensive 5 chenmistry associated with this,
GantrezTM @anbined pretliryortoald defabs ectbie poagisipalygneric membrane acts as a single.
_phase mixture: The membrane may then preferably be prepared by known methods in
10 theart. Most preferably, it is formed into a hollow fibre membrane or a flat sheet
membrane.
According to a third aspect, the invention also provides a method of modifying
the surface of a porous polymer membrane including:
| 1) blending an anhydride as a reactivity modifying agent with a polymeric membrane
15 forming material and
i1) forming a modified membrane.
The invention also provi;:ies an agent for forming a modified membrane in
accordance with the preceding aspects.
rAccording to a fourth aspect the invention provides a blend of a
- 20 membrane forming polymer and a compatible second pélymer, said second 'polym'er
being capable of chemical modification after membrane fbrma_tion.

Preferably, the compatible second polymer is compatible with PVDF, or

polysulfone, or more preférably, both.
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hydrophilicity to the polymer fibers but may provide nunerous pqﬁsi?ihbbges
for tailoring the fiber to specific applications, depending on ﬂgy

chem strywidy@sygd. | n one enbodi ment of the invention, %ﬁéﬁm%s added
| ber

to the polynmer dope mixture and both flat sheet and hol | ow menbr anes
were produced fromthis. The 10 primary fests carried out on the flat
sheet nenbranes constituted the initial experinentation, and invol ved

quantifying the dpgsoalisatiabPebpaiyntd Gm%zm,rcﬁ?bmewt vingeethémndleignes. The
(0]

hol | ow fi ber nmenbranes produced were tested r tensile strength,

Ferper at ur ¢ BPORRES 6 BBhErth i B e Ve DA PR EpR ' o

ingredient. Its properties and diversity both in the hydrolysed and

non- hydr ol ySEBRigAMESSar e known. GantrezTM al | ows nmenbranes to be
fabricated which have excess anhydride sites, and by addi ng various am nes
and bases for eXampiodhe tehetivesmbpdiidd sitvenithe Gaairez3 sipmtire@sd @fe axbamsive
menbranes can be preserved, yet 20 hydrophilicity (and hence flow through

the porous rERBiERSksRIed WAk HiQ Gk hi RSt on%ﬁﬁd%'t]?\e Sgiflofifard mpr oved.

There can also be”a resultant decrease in fouli'ng of the "nenbrane, since

say for instance.ther S slight .negative.charge on the.fiber then nore
par ti ol es wotEPPLLE e e polerdibers P BRY piide mgos RRsabidisg for iR 26)
RO AU 13 July 2005 WD 02/38256 PCT/ AUQ1/ 01450 10, Gantrezl M or pol y(nethyl
vinyl et her/%ﬂﬁb?@OﬁﬁW@ﬁﬁm&Faﬁ@sadm@ﬁgQ%Fh?&h@m%pm%lm- whi ch has the
follow ng structure: CH3 CHZ CH 5H Chi O=I CSnpbo O

In one embodiment of the invention, Gantrez™ was added to the polymer dope

mixture and both flat sheet and hollow fiber membranes were produced from this. The

10  primary tests carried out on the flat sheet membranes constituted the initial
experimentation, and involved quantifying the dyes absorbed after post-treatment of the
membranes.

The hollow fiber membranes produced were tested for tensile strength,
permeability, microscopic structure and the change in glass transition temperature of the

15  modified membrane.

Ganirez™ is a commercial ingredient. Its properties and diversity both in the
hydrolysed and non-hydrolysed forms are known. Gantrez™ allows membranes {o be
fabricated which have excess anhydride sites, and by adding various amines and bases
for example, the essential mechanical properties of the membranes can be preserved, yet

20  hydrophilicity (and hence flow through the porous membrane) and reaction with other
materials can be improved. There can also be a resultant decrease in fouling of the
membrane, since say for instance there was a slight negative charge on the fiber then

more particles would stay in suspended in solution.
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n GantrezTMis a linear polyneric anhydride, which is the int eﬁgglé%yngbogf
nmethyl 5 vinyl ether and mal ei ¢ anhydride. GantrezTM is manufactur y

I nternati Qeadsgpgci alty Products (1SP) and is avail abl e igp 34 fi@R9eseOf

nol ecul ar wei ghts. The physical and chem cal properties of sonme preferred
forms of GantreztM are |isted bel ow Appéuarance: white, fluffy powder
Soft eni ng point range 200 - 225C 10 Mol ecul ar Wi ghts, Specific Viscosity
and G ass Transi t Ganrch@hmepoby(uety! viviyl ethbt/MhlsivashydidEyis(Cyatetislez T" " AN
119 2.13 x 105 6.19 x 104 0.1-0.5 152 GantrezTMAN 139 8.72 x 105 2.21 x

105 1.0-1.5 : . %%5‘%5 06 3.53 x 105 1.5-2.5 153 15
GantrezTM A E’&%%é{é%ﬂ%@@%wl %:6-3.5 154 Pol y(net hyl vi nyl

et her/ mal ei ¢ anhydride) having a nol ecular weight in the range 5 x 104 to
5 x 107 may al so| be usggy The nol ecul ar wei ghts were determ ned by size
excl usi on chrorra.ograpITy,3the speciflic viscosity carried out at 25Cin a 1%
MEK solution injla capilllary viscongter. 20 The two nononer types in
Gantrezl M i ndi Vi & TyCESREH T butlé prioperties to make the copol yner highly
val ued material |n a vargety of -apgl|f cations. The poly(nethyl vinyl
Substitute Sheet| (Rule 26) AU 13 July 2005 WO 02/38256 PCT/ AUCOL/ 01450
11 ether) is a flexible filmM@formerj while the nmaleic anhydride is a hard
pol ar monomer whi ch contributes to Bonding strength. The reaction of

mal ei ¢ anhydride and nmethyl vinyl ether is as follows: 50 CH3 HzZC=1i +
%0G( 1 Gantrez™ is a linear polymeric anhydride, which is the interpolymer of methyl

5  vinyl ether and maleic anhydride. Gantrez™ is manufactured by International Specialty
Products (ISP) and is available in a range of molecular weights. The physical and
chemical properties of some preferred forms of Gantrez™ are listed below:
Appearance: white, fluffy powder
Softening point range 200 —225°C

10 Molecular Weights, Specific Viscosity and Glass Transition Temperature:
My My Viscosity T (°C)
Gantrez™ AN 119 2.13x10°  6.19x10* 0.1-05 152
Gantrez™ AN 139 8.72x10° 221x10° 1.0-15 151
Gantrez™ AN 149 125x10°  3.53x10° 1.5-25 153
15 Ganirez™ AN 169 1.89x10° 578x10° 2.6-35 154
Poly(methyl vinyl ether/maleic anhydride) having a molecular weight in the range 5 x
10*to 5 x 107 may also be used. The molecular weights were determined by size
exchusion chromatography, the specific viscosity carried out at 25°C in a 1% MEK
solution in a capillary viscometer.
20 The two monomer types in Gantrez™ individually coniribute properties to make

the copolymer highly valued material in a variety of applications, The poly(methyl vinyl
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la CHZ CH C13- CH | auroxyl OCH3 OX~/c-0O peroxide 0/CG-0On g?] Erﬁaagn
is soluble in water and several organic solvents including al co?} é'y

phenol s, wyéd#dbdse, al dehydes, ketones, |actans and | Omré@flﬁﬁlﬁﬁo fspesters.
It is insoluble in aliphatic, aromatic oy hal ogenated hydrocarbons, ethyl
ether and nitroparaffins. \When the copol yrmer dissolves in water or

al cohol's, the anhydride |inkage is cleaved such that the formation of the
pol ar, poI y nethen} i & BexibleifimdorméreviilsrthesplwiminkydridOispdrrd pblaembromeroccur s.
Bot h agueous and organi c solvent solutions of GantrezTMformfilns that are

tack- free awﬂicﬁ%ﬁ[ﬁsgﬁteat&b@miﬁgegmgﬁ and cohesive strength. These filns
do, however, possess an inherent brittleness, so this property will have

b e LY, PRRLABEE S50 ORLARLA Kold U BB SR M, L1

hydrol yze in a hum d envi ronrrent |t can absorb up to 30w % water w thout
effectlngtheflowcharacterlstlcs of . the powder. gyl d heati hg (100C for
1-2 hours) car boun Cﬂe\iaj\ﬁ ﬁ\/eral t udi és have beeh carried out
in maki ng asymetr c rre ﬁ’ar f Kz uf CHi to inprove
menbr ane char act er0GHi cs. OS'u bhigt i ¢$ 20 ing ud i

permneabi lity, good nacroscopic integri ty such|as ci r@gi n, uniform
wal | thickness, and mechanical strength. It is known from i ature that
PVDF has a small critical surface tension (about 25 dynes/cn), the

| ati bstitute,Sheet | £.26) ..RO 3 | y 2005
V0 021 38756 PRHACCR PO TG YR PR BB o BPdFONAS seoblE AHEndR " he
weak interaction between the coagul ant (water or solvent) and the polyner.
As a consequdfidine, aidehydes kefanss, é?qtfﬁ@? wddawer dinketioesterer Businselyblerdat ri ¢ PVDF

hol | ow fi ber nmenbranes w thout additives.
aliphatic, aromatic or halogenated hydrocarbous, ethyl ether and nitroparaffins.

When the copolymer dissolves in water or alcohols, the anhydride linkage is
cleaved such that the formation of the polar, polymeric free acid or the corresponding

10 partial esters occurs.

Both aqueous and organic solvent solutions of Gantrez™ form films that are tack-
free a{md possess a high tensile and cohesive strength. These films do, however, possess
an inherent brittleness, so this property will have to be carefuily monitored when
incorporating the Gantrez™ into the membrane.

15 Although Gantrez™ powder is hygroscopic and will slowly hydrolyze in a humid
environment, it can absorb vp to 30wt% water without effecting the flow characteristics
of the powder. Mild heating (100°C for 1-2 hours) can remove unbound water.

Several studies have been carried out in making asymmetric membranes using
small molecular additives to improve membrane characteristics. Such characteristics

20 include high permeability, good macroscopic integrity such as circular lumen, uniform
wall thickness, and mechanical strength, It is known from literature that PVDF has a
small critical surface tension (about 25 dynes/cm), the coagulation rate and fiber |
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Surface Grafting in polymer chem stry is a process known in the,@rhé\{)% 5
which 5 side chains of a second polyner are introduced onto an >€| R%
pol ymer n@igygiaden. Surface grafting generally |leads to g ioMRhlesg” of a
second functionalized polynmer covalently linked to the substrate pol yner.
Unlike sinple ftnctionalisation, which d?oduces a polynmer surface or

I nt erphase, grafting produces a physically distinct overlayer with
properties tdoftificatimndrt slowhmzerendilt dfthe paaleintpradiion fbetwrea liyeweragulatus(wheer or

met hodol ogy for grafting is based on radical polynerisation. In Contrast to

Lechni ques: wlgefin ke it y2Rs. QERsdduBhcel Siftimlids e Mok BPariAX bR

treatnment, in bul'k nodifi'cati ons the surface conposition is"the result of

the effect Qf the. ce of..anot her co nent, ....-n_t he polyner system The
aim for pol yREPIRTHSHICOF ofia¥ ARt WHGEMEe%  he &ingie 15
conponents into one_ material, By dissolying one polyner .in another. polyner
so that there i uRce GrEHpSHRIRNPIFheBIsiyiRa PEIcHTFNORR laﬁleﬁ%wwmg

"pol ynmer blend" that is synthesized in this way is not stable

t her nody ani sixe diyins ©f e sevpdy patynwr arestiaddced yniome aristing polymed mainxéhain. pr ocess
occurs in the melt. To increase the stability it is necessary to crosslink

one or bot h SekYIBRAIngIRNGUIIP 8l Ridnovelliydh 852 BReRd hiaiehendlized PelyRicpsent
IS

applicants that Gantrez m sci bl e wi t'h polar polyners such as the

I | f I e mseibla.wth h
pol yrbr s - o ey e o e A R SR e B BB 0

one pol yner, | yvinyl pyrralidope (PVP) ich is mscible, (conpatible)

Wi th both PEERSuEEER Bémﬁ%% g or ety B@@ucf(smlaﬂfel}lg SREGAU 13 Jul y
2005 WD 02/ 38256 PCT/ AU01/01450 13 1In the prior art, it is known to use

m xt ures of avadaysowyigropsristhataesentble Woseef thapwre igdfshahdmiiyagre Thot

m sci ble. These prior art mxtures require stabilization by cross |inking,

i e the tno npgthedaledyfor giagingy ik dhsed dheaditApblyneidaitynscheni cal reaction, and
in this

In Contrast to techniques where the surface composition is modified by some
external treatment, in bulk modifications the surface composition is the result of the
effect of the presence of another component in the polymer system.

The aim for polymer blends is to combine the properties of the single

15  components into one material. By dissolving one polymer in another polymer so that
there is an interpenetration of one polymer in ancther. The “polymer blend” that is
synthesized in this way is not stable thermodynamically. Thermodynamic instability
means that a demixing process occurs in the meli. To increase the stability it is
necessary to crosslink one or both polymers.

20 Surprisingly, it has been found by the present applicants that Gantrez™ is
miscible with polar polymefs such as the polysulfones and PVDF., Normaliy, very few
polymers are miscible with other polymers - for example, the literature reveals that there
is known only one polymet, polyvinyl pyrrolidone (PVP) which is miscible (compatibie)

with both PVDF and polysulfone.
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regard, they are not true "blends" as defined herein. 5 Cel atiorl1 1S ag
| nportant consideration in nenbrane formation. Celation can be %éPM ﬁogs
t he formajigpgyRksea three di nmensional network by chem cal QeRAVis/osah
crosslinking. Wien gel ation occurs, a dilute or nore viscous pol yner
solution is converted into a systemof iWfinite viscosity, that is, a gel.
A gel can be considered as a highly elastic, rubberlike solid. It is

i nportant to not eldthapri il i9 Rndvén f0iseniRMR& LI o poRaicticiAsmiate foRfirpCCur
i n a honbgeneous solution (that is a polynmer and a solvent) as well.

Experinments w.ll: haws | | "W | in
the pol yrrerl\ﬂéig}:lﬂ{g i“({)"‘,:ﬁ %ﬁ Sto]%%eg);é{t Heéso ﬁq%{:a?{l@%g&%f ?@(ﬁﬁfg@gﬁé%zgtécﬁﬁkﬂrb&n
nodi fication,qf. the pre- existi, menpranes, | S. to optimn ze the amynt . of
Gant r e2TM i rliiFRS. 36 FifrP 1B FrissTR majsale Sabilized B Casemed rparon. e tbit i on
of bl ends which incorporate GantrezTM can occur if there are nultival ent
conponent s i regatdethow kxernst traé Srlandstiemdefineddiesedt.cohol s (in vari ous forns such
as sugars, polyvinyl alcohols, polyethylene glycols, ethylene glycol,

gl ycerol sand the Gelsign isbnemPortatlcahdiduraticinia maisraseforigtioh. rGethitatcaabe
reducing the time the Gantrez spends in solution wth the multival ent

component s byl ag il F38h e LldhskdiR MURIRHSHEAIG BBRH XTUre (or

vice versa) I med a 9 prior to nenbrane casti ng. capabl e
copol ynmers at_bi.ndi ng | ecul.es are mal.ei c_anhydri de opol rs.. The
enct] ons  exuRRTRIEs WRGRARE ofs MU ook e PR Ehe RO Rar - can
occur. As nentioned above, GantrezTM undergoes hydrolysis quite readily.
The 25 hydr otopaered iatra systenyelsniaite visepsonitthatis,argsl. pAeskbeandegbngidersd asim
buffer (0.5M sodium Substitute Sheet (Rule 26) RO AU 13 July 2005 WO
02/ 38256 1' (HikKy@lastld,40bbelidke solitl Olitiigl @nporfani id welihatipdiationt i@ npith phdde 3) . The
problemw th hydrolysing the GantrezTM lies in the fact that the reactive
anhydri dg si §e§§raﬁbﬂ1 bnd&anl Rekr iﬁﬂ%ﬂo@bﬁeoﬁl@ %ﬂﬁﬂi&i‘(tﬁaﬁli@a?p&&%?and a solvent) as

well. Experiments will have to be carefully monitored so as to avoid gelation in the
polymer solution, and one of the objectives of the chemical modification of the pre-
existing membranes is to optimize the amount of Gantrez™ in the polymer solution
without gelation occurring.

15 Gelation of blends which incorporate Ganirez™ can occur if there are multivalent
components in the polymer blend such as polyalcohols (in various forms such as sugars,
polyvinyl alcohols, polyethylene glycols, ethylene glycol, glycerol and the like). These
gelation reactions can be minimized by reducing the time the Gantrez spends in solution
with the multivalent components by blending the Gantrez into the membrane forming

20  mixture (or vice versa) immediately prior to membrane casting.

One of the most capable copolymers at binding molecules are maleic anhydride
copolymers. The reactions exemplified below are just some of the many reactions that
can ocou.

As mentioned above, Gantrez™ undergoes hydrolysis quite readily. The

25 hydrolysis reaction was carried out in the presence of a sodium buffer (0.5M sodium
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Secondly, the solvents that GantrezTM does dissolve in wll al Si mﬁs%bg&
the polyner material that makes the nenbrane fibers. 5 To over % ¥
probl em {yp §Bssur f ace nodification trials, the GantrezTNdS\pARYIs0
partially hydrolysed then reacted with the pol yfunctional amne, 1n order
to crosslink GantrezTMwith the reactiveani ne groups. Under the
appropriate conditions, the reaction of am ne groups can be favoured over
hydrol ysi s eshigtidert @nVaspidai oratesti 49.3)1 OThe preblemtwittohydislysing theabmtrez™
avai l abl e for the characterisation of surfaces and perneability. One

method to s tl(}angItl gﬁ?ﬁ&%ét%e féracﬁv%%hﬁg@g%&ﬂgs HIPe {03C6n 'nsthis%ﬁigg t{]}%ﬁ' bpgetive

| abel s, tagg e appropriate owever this ne s*proved
t oo cunbersorre. aracterisation of _the dified nbragnes i s crycial
because a s "Pn‘ﬁg*éﬁé‘é“’?ﬁs fh Cgnirechibcors el ubwglﬁ@&? splpatba pebEIE can
change the surface structure 15 and consequently have a drastic effect on
menbr ane perthateriaiba maltes thetmembranefiberane  properti es such as pore size and
pore size distribution are able to determ ne which particles or nolecul es

are retaisned and Wiedicdthé thifHoBlchl M ulbhe HEHREARA ridliShs PantaehR ques

primarily used to observe vibrational spectra are infrared (IR) and Ranman

spect roscopy., .| r arises.fr th bsorption of radiation, 20
whih resul ety Prin BREFMLELIRARE ril TR BB GHE affenin B um

| evels. Infrared testing is carried out primarily on the bulk nodijfied

pol ymer nentFessisk Gaptrezil yaththereaetivepning gioups. odnder tg anpeoprists qendiiensi t h
and without the GantrezTM incorporated into the polyner matrix and these
two results thbencianpbagide gfonps caghohvouréd ovdrdiydilysistveh én anagsbugat i on of
Gantrez nodi fied polyneric nenbranes, are the sharp 25 am de peaks around
1700 cm 1 waygligot h. Substitute Sheet (Rule 26) RO AU 13 July 2005 WO
02/ 38256 PCT/ AUO1/ 01450 15 Attenuated Total Reflectance, al so known as

| nt er nal 1OReerct i&gag eckro %%EXrei

available for the characterisation of surfaces and
permeability. One method to study adsorption or fouling onto a surface is to use
radioactive labels, tagged to the appropriate molecule, however this method has proved
too cumbersome. Characterisation of the modified membranes is crucial because a small

- change in one of the membrane production parameters can change the surface structure

15 and consequently have a drastic effect on membrane performance. Structural membrane
properties such as pore size and pore size distribution are able to determine which
particles or molecules are retained and which will pass through the membrane.

The two techniques primarily used to observe vibrational spectra are infrared (IR)

and Raman spectroscopy. The IR spectrum arises from the absorption of radiation,

20  which results from traﬁsiﬁons among the various vibrational quantum levels.
Infrared testing is carried out primarily on the bulk modified polymer membranes. IR
measurements are taken on a polymer solution with and without the Gantrez™
incorporated into the polymer matrix and these two results when compared. One region
of interest in the investigation of Gantrez modified polymeric membranes, are the sharp

25 amide peaks around 1700 cm™ wavelength
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I nval uabl e in the characterisation of surface |ayers. This techigq %bges
on the intimate contact angle of a sanple with the surface of n#'g’ﬁ
refracti veyd agisse ' N-transparent prism The basic princigl&ssgahng this
technique is that infrared radiation enters the 5 prismat an angle greater
than the critical angle, and is internallﬂsreflected at the prism

surfaces, but attenuated by absorptions fromthe sanple contact |ayer.
Primarily, the SEMitesuaied Totst Reflentance cadsotlnewaes fiteatl Roefleftionpbeteossopyand i s
a very convenient, sinple technique for characterizing and investigating

the porous stivubiatletin Me chiBERIRAES: of iEFadAIaRd! TR tdchfiqlie Blicd of iﬂf&lhﬁmatg

el ectron mcroscope lies in the 0.01lm 10 range, wth nore sophisticate

m croscopes t | Lt 0, n . A C r and conci se
o1 ctur o of -t oAl B o shiP A BSultice yrd il eRRlye infol nR Hanfi

surface and cr.oss-secti,on, and .estimatiqon of the porosity and pore size
di stributi onPESH- @P BSI%BH%CBPWSF ﬁ%ﬂdﬁ nipoiyuayse that éﬂ%r%@dwélemu@xsah@ of
electricity, and as a result, charge rapidly 15 builds up on the surface

of the safpl riaw at heanglegreatonthan sim driticacangiee dndisivemally refldveed at éeyrisiong
field then interacts with the incident electron beam and causes i nage

distortion. siifaces,Buohtteninicd By ABsoRyiRie Fen e se@plel ddtathRyganpl e with a
conducting layer usually gold. The gold is applied by sputtering and

typical filmthi CWSS t@@gﬁ@?% mé&&%%@&ﬂ%&gﬁk%ﬁ%ﬁﬁﬁ?ﬂﬁﬁ%g%d1§§§/e%en

accelerating themon afarget, Tormng a sters

deposited on the nepbrane, substrate, The .hubbl e point nmethod is a
reflection of’mf‘ﬁgleﬂgg'mﬁﬁfeﬁﬁ?lﬂug?"Zé’barl"‘?[e‘l"%mg H%‘f mg'pquat%g@@@rqug sty of
liquid through the pores. The liquid used in this case is water, and the

gas pressur emembgsieshilhs rosolition lanis ofe sinpde plectsur mitrosthpe Hesdnrtnd.pbum si ze
can be calculated from bubble point. Substitute Sheet (Rule 26) RO AU 13

July 20050 a3z, vemerdophiblitté Oadschfes dﬂa&fﬁag lafRbolh@ShSo Y. skt Ghnd)s ed

to assess the ageing or chem cal resistance o
A clear and concise picture of the hollow fiber membrane can be obtained in terms of the

surface and cross-section, and an estimation of the porosity and pore size distribution can
also be obtained.
Many polymers are poor conductors of electricity, and as a result, charge rapidly
15 builds up on the surface of the sample as the electron beam is scanned across it. The
resulting field then interacts with the incident electron beam and causes image distortion.
This problem can be overcome by coating the sample with a conducting layer usually
gold. The gold is applied by sputiering and typical film thicknesses are 20nm.
Sputteting involves creating ions, accelerating them on a target, forming atoms or
20  clusters which are then deposited on the membrane substrate.
The bubble point method is a reflection of the maximum pore size. It is the force
needed to drive a liquid through the pores. The liquid used in this case is water, and the
gas pressure at which a bubble emerges is measured. The maximum pore size can be

calculated from bubble point.
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materials. The change in tensile properties of a material, are ﬁ%fg\lé
I ndi cators of the degradation of a nmaterial. Testing consists 4 EP?‘%Q
the test gfanpfet ween two sets of grips. One set of g“Pﬂ:srfAﬁoﬁohi‘sﬁd and
the other is attached to a noving crosshe?% and 5 | oad-cel |l arrangenent.
Machi nes neasure the force necessary to elfongate and break the sanple. The
break force is neasured and reported as a tensile stress value by dividing
the force obt ai ndechsnicdldesty e sBereseil b assessrtbaageimme chematal msistapibpal = F/ A
10 Where F = force (Newtons) required to break the test piece, and A

=Cr 0ss- sect i fiaterilse ahefchhuelin reiEploptities dh@mafesiak afeQIséﬂd iRlicudrebf et i on of
the strength of the polymer fiber and is obV|oust of high inportance in

det er mi ni ng pé‘%é@.{uﬁ%‘fﬁ:ﬁit aﬁ'eTEE g@l?bgs?s oﬁe@ﬂ:‘ﬁ@ﬁ%%&?é léﬁetgjégnﬁ%)g gation

measur enment e tenS| e ITBC ensi uge

| engt h divide the o naI | en Break .Ext ensi on I ven
as a percent ag@ﬁ/% { dtﬁ &Ei'ﬁlxﬁ &@‘%ﬁ F?%\EHVH}%CIQ% %?fdlaé‘ strain
= change in | engt h/or| gl naI I engt h = (11- o)l o Wiere 11= | ength between
gauge nmarks losdjcelatrangement r Mgtiness measyes the figedmecasspry tBekuigaiband bedalsthe
(11- lo)lo x 100% The Break Extension is a neasure of the elasticity of the
pol ymer fibegampsi ch can also 20 be expressed as Young's nodul us or the
nodul us of elasticity: Young's nodulus = Stress/strain in |linear portion of

stress-strain cur Tﬁebfgm(?orgiis%@sﬁr@&wd%o El?a@aﬁ%héﬁ%%&s[%ﬁ es;sfﬂﬁﬂﬁiﬁﬂ ain

it produces in the region ere strain pr oporti onal

nmodul us is p sure of. stiffness. Qoviously, as the polyner
degr ades, ;éo%er%tgﬁ%g‘gpgﬁ?c{ﬁfs"\ﬁf‘fqo D3 MF%ase, so these two tests are

excel | ent 25 nmeasur es_of poI mer degradation. Substitute Sheet (Rule 26)
ROJAU 13 Jul yenstlgstresadMia) 38886 PCT/ AUO1/ 01450 17

10 Where F = force (Newtons) required to break the test piece, and A =cross-section
area of test piece (mm?), The break force is a reflection of the strength of the polymer
fiber and is obviously of high importance in determining performance of the membranfl:s.

Break extension is the elongation measurement from the tensile machine is given
by the extension in gauge length divided by the original gauge length. Break Extension

15  is given as a percentage figure, while strain is shown as a fraction.

Tensile strain = change in length/original length = (; — I,

Where /; = length between gauge marks (mm) and /, = original gauge length (mm)
Break Extension = (I; ~ lg)lp x 100%

The Break Extension is a measure of the elasticity of the polymer fiber, which can also

20  be expressed as Young’s modulus or the modulus of elasticity:

Young’s modulus = Stress/strain in linear portion of stress-strain curve.
This is the ratio of the applied stress to the strain it produces in the region where strain is
proportional to stress. This modulus is primarily a measure of stiffness. Obviously, as

the polymer degrades, the break extension will decrease, so these two tests are excellent

25 measures of polymer degradation,
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Perneability is a primary factor in governing the performance oi3effi ﬂ)@&/cy
of a hollow fiber nenbrane for water filtration applications i t‘"Héy

or flux t stghe nenbrane. The flux or permeation rat g ned as

t he vol ungw?% ng through the nenbrane per unit area an?dt?‘?r@ﬁm"ﬂ%
equation that describes the flux is: 5 J2 Q AAt Where Qis the perneated
anount, A is the nenbrane area and At the sanpling tinme. The perneability
is an inportant Rascaiibiy iskenneoniicuein gayetiieg thefperfhrmdet ot bificieacylofd on of
GantrezTM has on the nenbrane performance. to BRI EF DESCRI PTI ON OF THE

DRAW NGS Fi chiiwfitsdp evdnbrhigs fob Wt ﬁﬁiﬂﬂﬁbﬁ@%%%aﬁ@m led o bel HiEk nﬁb%he
GantrezTM as a function of tenperature. ST MODE FOR CARRYI NG THE

| NVENTI ON I P ' t eet nbr.anes A
dope sol ut i Reiaans e pretidicn S B iehel oo ol e JEPBHT0E oy
17.1g (17% LiQ 3.54g (3.5% . 20 PVP/ VA S630 2,73q (2.7% .Gantrez 3.09g
(3.1% NWP n?%!l%rgﬂ% Y. /‘oar%%l. e Prayapatiopsthat describes the flux is:

pol yvi nyl pyrrol i done/vinyl acetate copolymer 25 NWVP is N nethyl

pyrrol i done SubstlisuQd ASAket (Rule 26) RO AU 13 July 2005 WD 02/ 38256
PCT/ AU01/ 01450 18 All ingredients were added together and the dope

solution was al | ogekelPisthe p@heated amount, A is the membrane area and At the sampling

time. The permeability is an important parameter when considering the effect that the

addition of Gantrez™ has on the membrane performance.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the time required for complete hydrolysis of Gantrez™ as a function of

temperature,

BEST MODE FOR CARRYING OUT THE INVENTION
15 EXPERIMENTAL METHODS
Production of Flat Sheet Membranes

A dope solution was prepared according to the following formulation :

PVDF . 17.1g (17%)
LiCl 3.54g (3.5%)
20 PVP/VA S§630 2.73g (2.7%)
Gantrez | 3.09g (3.1%)
NMP 743g (73.7%)
100.76g

PVP/VA S630 is polyvinylpyrrolidone/vinyl acetate copolymer

25  NMP is N-methyl pyrrolidone

Substitute Sheet:
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heated rollers (50C) overnight. Once renmoved fromthe rollers, i?e m'ﬁbgge
was left to settle (to renove any bubbles fromthe solution) f JH&Y
day. The ¢apeysab¢/tion was cast onto a glass plate (which pas,pRlEMY
hydrophilic) 5 using a glass rod and a nenbrane was cast by imrersing the
glass plate into a precipitation bath colfsi st i ng of: 45% PEG 200 45% HzO
10% NMP 10 The nenbrane was imersed in the precipitation bath for 10
mnutes (until thallingrediemseerenidadkegether hel thp depehltidn widwllogledds miik ahe) .
The nenbrane was divided into equal proportions and sanples were soaked in

the fol | oW EedRRSbNLS EAFRBterihI ORASEHBLH AT MDBLCARELEdaPli L. 3%

Tetra et hyl enepent am 52 3%Tris- oxynet hyl") ~am nonet hane
(TRIS) 3. 1%.su).furic Aci K2 . 0% PRal hyl ene glycol (PEG 5.
100% Cal ci un’?‘%i ORRE A4 w%&f}geo%}%wtiﬁoﬁlh%g@%ysecond flat sheet dope
formul ati on was produced to observe the nmenbrane wthout the additive

PVP/ VA 5630. The Thg dapgisplytion was pash onies sleselaip(wipciomag potehly hydephilic)

GantrezTM 3.44g (3.4% LiCl 3.88g (3.8% 25 NWP 77.02 (76% Substitute
Sheet (Rul ensfp a F@ksAod hitd d meynh2§} 5w as@siIR/ i8BRTGn R gMdd pldd #H0a 19

precipitation bath consisting of:
45% PEG-200
45% H;0
10% NMP
10 The membrane was immersed in the precipitation bath for 10 minutes (until the
membrane was able to be “peeled off” the glass plate).
The membrane was divided into equal proportions and samples were soaked in
the following post-treatment solutions until testing was carried out:
1. 3% Tetra ethylenepentamine (TEP)
s 2. 3% Tris-(hydroxymethyl) aminomethane (TRIS)
3. 1% Sulfuric Acid (H2SOy)
4, 100% Polyethylene glycol (PEG)
5. 100% Calcium Carbonate (CaCOs)
6. 100% Butanol
20 A second flat sheet dope formulation was produced to observe the membrane

without the additive PVP/VA S630. The following solution was made up:

PVDF 17.04g (16.8%)
Gantrez™ 3.44g (3.4%)
LiCl 3.88g (3.8%)

25 NMP 77.02§ (76%)
ubstitute Sheet
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101. 38g As before, the nenbrane was cast in a precipitation batjg%gf!
PEG H20/ NI vl P, and sanples imersed in the six solutions nenti Hyaﬁg%.

The qual i {&f davasgnd quantitative analysis were carried O%T?fmﬁBQ and
results are detailed in the next 5 section. Analysis of the at S‘ﬁget

Menbranes Both qualitative and quantitatiVe analysis was carried out on the
different nenbranes. The qualitative analysis that was carried out

i nvol ved di ppi ng 1cn? sanpl es of0li&gbrane into different col oured dyes,
nanely Saffranin, Methyl Orange and 10 Fuchsin. The intensity of the

colours in the NMegbpaRRs AReRMKaRS Waclcast Blbhreviphidtidntietinal PIGAL0PNNIP, bhie
menbranes after they had been in the dye solutions for a day. The sanpl es

were then pl aced i.n r, n : I o] of col our
retai ned an&mqgkﬁuqﬁﬁﬁéiyqﬁhé#§@§@8ﬁfﬁ%m§8é§ geaﬁgggﬁgﬁﬁﬁg%&ﬁn t he next
section. The quantitative analysjs involved the nmeasurenenf. of the

i ntensi ty ofduiputatiye aualysis werecanied oyt #3aboNe audresiiisarg é?t%ectﬂnﬁéwﬂ
Spectrophotoneter. Initially, the wavel engths of the dyes had to be
cal cul ated uscign.a trial and error “nethod. Because the region of

wavel engt hs of the colours is known (for exanple red is between 500 and

600 nm the &XAgds vAhe FRASThbetOdshstaie cal cul ated. The wavel engt h
correspondi ng to the nmaxi num absorbance obtai ned, was the optinum

wavel ength of 2 TR ﬂ‘% : cAl ) : | ge of
concentrations O?B é@&%ﬁ%ﬁ&éﬂéﬁt enﬂég‘rf? %@ﬁ%@@%@ghﬂ%&@%&ﬁp
concentrations versus neasured absorhances was .pl ofted. . Thi s S 5
subsequent | yRERBnED THE AL e BTGB AR EHORA Lo arTed diPPRIRaTiE samglegs
the calibration equation to cal cul ate unknown val ues. 25 Production of

Hol | ow Fi berofivaerbbraneinto giffesent colouregidaes, naroply Sefizsyin, Adethy) Qengaind 2005 WD
02/ 38256 PCT/ AU01/ 01450 '
10 Fuchsin. The intensity of the colours in the membranes was examined visually by taking

photos of the membranes after they had been in the dye solutions for a day. The samples
were then placed in water, and photos were taken of the amount of colour retained and
lost by the membranes. The resulis are outlined in the next section.

The quantitative analysis involved the measurement of the intensity of the colour

15  retained by the samples using a Hach Spectrophotometer.

Initially, the wavelengths of the dyes had to be calculated using a trial and etror
method. Because the region of wavelengths of the colours is known (for example red is
between 500 and 600 nm) the exact wavelength could be calculated. The wavelength
corresponding to the maximum absorbance obtained, was the optimum wavelength of

20  the specific colour.

The calibration for the range of concentrations of colouis was then carried out. A
graph of set concentrations versus measured absorbances was plotted. This was
subsequently used to read off the graph unknown concentrations, or to use the calibration
equation to calculate unknown values.

25  Production of Hollow Fiber Membranes

Substitute Sheet
(Bule 26) RDleAeU ‘



20 The foll ow ng dope solutions were used for the production og3h Ilago5
fiber nmenbranes: Al weights are in grans. Dope 1 Dope 2 Dope Iﬁ'ﬂr\g
PVDF 119. $yh §2/$4256103. 76 (17.2% 102.49 (17% 102.61 (179 pdp 61?%45%1-44
3.1% 18.43 (3.1% 18.35 (3.1% S630 18.62 2.7% 16.05 (2.7% 15.93
(2.65% 15.66 (2.6% LicC 21.09 (3% 18.02 (3.0% 18.32 (3.05% 18.66
(3.1% NWP 520.6 (74.2% 446.49 (74.1% 464.6 (77.3% 446.61 (74.2%
Total 701.05 602.The Bliowhy Gpe s8dtiFimewere nsyd for thequddistioRwbDRolidvafiberas used
for Dopes 1-3 was Kynar 461, whereas 5 Kynar 500 was used for dope 4,
whi ch has a Qkdb@hedNIPFHichs aeinghmé. han Kynar 461.1n the case of Dope 1
was all m xed together on heated rollers for a day and hal f. Dopes 2-4
were m xed § ttireS630—Fgr=Dopes—tto 5} ter—prgcipitatTomrbat h
(quench) wa B%eh used 3 D%pc?%ent que;]gﬂp%]/:ﬁi ch cong?ﬁ’tee% of 45%
0 :

PEG 200, 45 110 _The ol low were used for
product i on: | BYRE pupplSsheledo) umgnl BTl 3% d Nm(lﬁl‘fﬁp spéB®l (bepe 1 150

400 300 Dope¢_2 350 POO 800 Dopg 3 350 200 80P Dope 4 250 170 645
Substitute $lgaaired RI2E4L6)1950 AY 18313J8l194)2005( WO 02/ 38254 1BGH (3lggy 014
21 For dopes 1 andj 4, as soon gs the fibers pame out of tihe quench and

onto the WITHEE TRy EIBTEIT VIIURS By e FIXoPPEEsT:) cq T8 @5ohy oS

outlined beljow and
LiCl 21.09 (3%) 18.02 (3.0%) 18.32 (3.05%) 18.66 (3.1%)

T
o

NMP | 520.6 (74.2%) | 446.49 (74.1%) | 464.6 (77.3%) | 446.61 (74.2%)

Total 701.05 602,75 601.34 601.89

The generic brand of PVDF that was used for Dopes 1-3 was Kynar 401, whereas
5  Kynar 500 was used for dope 4, which has a higher molecular weight than Kynar 461.In
the case of Dope 1 was all mixed together on heated rolleré for a day and half. Dopes 2-4
were mixed such that the S630
For Dopes 1 to 3 a water precipitation bath (quench) was used. Dope 4 used a
solvent quench which consisted of 45% PEG-200, 45% water and 10% NMP.

10 The following settings were used for production:

Dope Pump Speed | Lumen Pump Speed | Winder pump speed
Dope 1 150 400 300
Dope 2 350 200 800
Dope 3 350 200 800
Dope 4 250 . 170 645
Substitute Sheet
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3% Tris-(hydroxynethyl) am nonethane (TRIS) 3. 1% Sul furic Aci

4. 100% Pglayeidgydsene gl ycol (PEG 5. 100% Cal ci um Car bongicg;A s fetdkh .
100% But anol 10 For dopes 2 and 3, the fi?lers were left on the w nder until
production was conplete and then they wefe divided into the six different
post-treatnents and one stayed in the water as a reference. Substitute
Sheet (Rule 26) R duped Baddi#yas2005as hofibers38m6 euRathagodich ka8 @nihe Dope
formul ati ons that were unsuccessful Dope 3 Dope 4 Dope 5 PVDF 122.14

121. 49 100. S&inde? acd rert ABridEd) infolBix et r&dmaR séfitibhs SdtlinéBBolowadd S630
15.94 15.78 (2.69% (2.6% Sugar LiCl 18.65 19.61 15.62 (3.19% (3.2%

(3.1%  NWP 428 2914494023 Tddnbdel® (74.1% (73.9% \ater

1. 3% Tetra efhylenepentamine (TEP)

imrersed until testing took place: 1. 3% Tetra et hyl enepent am ngs??gggg‘%z
6

5 2. 3% Tris-(hydroxymethyl) aminomethane (TRIS)
3. 1% Sulfuric Acid (H2S04)
4, 100% Polyethylene glycol (PEG)
5. 100% Calcium Carbonate (CaCOs)
6. 100% Butanol
10 For dopes 2 and 3, the fibers were left on the winder until production was
complete and then they were divided into the six different post-treatments and one stayed

in the water as a reference.

Substitute Sh
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Total 603.16 605.9 502.62 Table ##: Dope formnul ations that gell gd D&B@%
3, 4 and 5 ingredients were all m xed together on nor nmal roIIer d{}g
weekend. Qudhedishsy € Sheet (Rule 26) RO AU 13 July 2005 ﬂg{{é

PCT/ AU01/ 01450 23 CQuantitive Results on F|lat Sheet Menbran I'ng a HACH
spect rophot oneter, Dope 2 formnul ation was2used and the fol | ow ng results
were obtained : Before sanples in After sanples in Before sanples After
sanples Methyl orange Methyl Orange in Saffranin in Saffranin TEP 4.5
3.294 3.354 3.159 TRIS 4.5 3.178 3.243 3.131 PEG 200 3.466 3.193 3. 243

3.289 CaCOB 5f&n%7ﬁofs%apwgre§ﬁgucc%mnol 3.876 3.178 3.203 3.132 H2SO4

13165322 "3"'o_U§T”ﬁ"g""DcT—_3forrrulat|on the following results
wer e obt ai ned—-Befor r—After—penhranresy Aft er nenbranes in dye
Met hyl Oran ;e in dyeﬁWet bL?? ‘f Jtﬁ TEP| 0. 423 0.219 0.185 TRI'S
0.429 0.411{0. PEG- 200 Q_411 0O ?Qf ﬂ '2'-?0 But anol 0.429 0.394 0.373

H2S04 0. 440 va o 224 ca@dg1d9427 (.188660. 362

(203%) | (201%) | (20%)

Gantrez | 18.14 15.24
(3%) (3%)
S630 15.94 15.78

(2.6%) (2.6%)

Sugar

LiCl 18.65 . {19.61 15.62
(3.1%) (3.2%) (3.1%)

NMP 428.29 449.02 371.2
(71%) {74.1%) (73.9%)

Water

Total 603.16 605.9 - 1502.62

Table ##: Dope formulations that gelled.
Dopes 3, 4 and 5 ingredients were all mixed together on normal rollers over

5  weekend.

Substitute Sh
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Substitute Sheet (Rule 26) RO 'ALJ 13 July 2005 WO 02/ 38256 P%Qgﬁ)lé@ﬁg
24 Break Extension results on hollow fibre nmenbranes The follo ¥

are from Qapgykaéeor mul ation. Al results are expressed as gpr ,g@{ﬁ,?%q)

break extension by length. Wet Dry TEP 32.32 7.65 47.20 'S 34.05
7.12 50.13 9.51 PEG 60.51 8.69 33.62 %55 H2SO4 22.57 2.53 21.63
1.56 CaCO3 24.19 8.11 26.30 5.11 Butanol 30.80 6.57 No Gantrez dope
Gantrez DopeQigyititiveT¥SuliapeF aflfHectiedibrads 54 23. 645. 13 58.8 6.13 TRIS
54.46 10.32 17.18 2.308 77.75 10.78 PEG 90.25 11.60 52.75 4.158 123.0
9.1 H2SOA 4808 2 HAGH s@e&&ghoﬁm%ﬁé ﬂg%elﬁforﬂaﬁlaﬁén wig a5ddBmilne pllofind3 18. 30
2.41 67.74 9.2 But anol 60.86 6. 60 338 3.415 31.48 3.7/ \Water 44.85
8.79 7.385 2.973 bstistute Sheet (Rule 26) RO AU 13 July 2005 WO

02/ 38356 PCTIRTEYHE A

Before samples in | After samples in | Before samples | After samples
Methyl orange Methyl Orange | in Saffranin in Saffranin
TEP 4.5 3.294 3.354 3.159
TRIS 4.5 3.178 3.243 3.131
PEG-200 |3.466 3.193 3.243 3.289
CaCO; 4.5 3.275 3.216 2.582
Butanol | 3.876 3.178 | 3.203 3.132
H,S0, 3.165 3.224 3.392 2.943

5  Using Dope 3 formulation, the following results were obtained:

Before samples in After membranes | After tnembranes in dye
Methyt Orange in dye with buffer tablet pH7
TEP 0.423 0.219 0.185
TRIS 0.429 0.411 0.367
PEG-200 |0.411 _ 0.390 0.350
Butanol 0.429 0.394 ' 0.373
H,S04 0.440 0.139 0.402
CaCOs 0.427 0.369 0.362
Substitute Sheet
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Pernmeability results on hollow fiber nmenbranes Fl ow Fl ow # Lengi’g O&gg@g@
LMVH@ tinetimne @@fibers (m (nm | OkPa 400kPa | OCkPa 400k J\"

15.0 4 0. @(922}{%51643 005 374.672 PEG 36.5 10.4 4 0.6 0.85 803%?50'393
H2SO4 128.2 33.6 4 0.5 0.85 52.606 200.717 Butanol 116.4 A 0™ 0. 85
72.424 245. 776 CaCOB8 53.4 14.6 4 0.55 0.3¥5 114.813 419.931 5 LM -
Liter/square neters per hour wo w# length OD LWMH LMH of no of Gantrez

Gantrez fibers (niregkExtension esufai héllow Bbf hédbrdnes/9. 3 6 0. 45 1000 33. 330
11.195 PEG 38.1 965.8 6 0.5 1100 91.187 3.597 H2SO4 95.3 3534.1 6 0.5

11,015 " TEp 125, 5" 8 B 00 S 9™ RS, Py et gt 4

Substitute Sheet 13 . July 2005 26 What is clained is: 1. A
por ous pol yr??ff?e@taﬁg%%ﬁé PP qunlg&n a blend of a polyneric nenbrane

formng material and an anhydride as a reactivity difying agent adapted
to nodify &t |east one surfd&d active property of |Thg porous pol yneric
menbrane relative to a porols pol yneric

TEP 32.32+7.65 4720+ 4.78

TRIS 34.05+£7.12 50.13+9.51

PEG 60.51 £ 8.69 33.62£5.55

H,S0, 22.57+2.53 21.63£1.56

CaCO; 24.19 +8.11 26.30:+5.11

Butanol 30;80 +6.57

No Gantrez dope | Gantrez Dope Kynar 500 Dope

TEP 49.46 +9.54 23641513 58.86.13

TRIS 54.46 +£10.32 17.18 = 2.308 77.75 £10.78

PEG 90.25 £11.60 52.75 +4.158 123.0%9.1

H,804 4828 £ 7.44 6.008 + 0.868 47.18+13.13

Na;CO3 40.55+13.93 18.30 £2.41 67.74 +9.25

Butanol 60.86 * 6.60 8.33813.415 31.48 £3.77

Water 44.85 £ 8.79 7.385£2.973

5
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menbrane fornmed fromthe polyneric nenbrane formng material w ﬁ?g“iyiﬁbﬁ
anhydri de, conprising surface anhydride sites, wherein said su o
anhydrideywwhbpsmrgye in a reacted form wherein said surfwgﬁ&yﬂﬁgode
sites are reacted with an amne to forman am de |inkage, erein said
surface anhydride sites are reacted with % pol yam ne to forma crosslinked
pol yam de | ayer and, wherein said amne is selected fromthe group
consisting of tetraethylenepentam ne and tris-(hydroxymnethyl)

am nonet hane. 2. The porous pol yneric nenbrane according to claim1,

wherein the pol Y”Péﬂn%abﬂﬁj?@éﬂ&eﬁﬁ&hwm&ﬁﬂrﬂegco”p” ses pol yvinylidene
fluoride.

3. The porous polyneric nenbrane according to claim1, wherein
the polyneric nenbrane formng nmaterial conprises hydrophobic
pol yvi nyl i dene fluoride. 4. The porous polyneric nenbrane according to
claim1l, V\,he_p_e_i_n_t_he_p.g_l_yngr_ir menbrane form na.-mterial r")rrpriQPQ.a
pol ysul fone| 5. Thel Howous Hewynai c mphisnghe | & or (LMH @ ELMHE@, | wher ei n
the polysu|fone conpnéses tment g¢ri al s$el ected fromthe gropup consipting of
pol ysul fone} polyeth@ sul@one, |fibkisaln Y) sul | ¢me) podboidHaky| 460KMPRONE, and
pol yar al kyl | sul f onq. 1(®kPd NedopRPHLUS pol yneri c wenbrane accorfing to icl aim4,
wherein the ySU3pne qomERy 1 S¢g Pol YRENYT | p&kT 01843 dos | B PRTPUS

pol ynmeri ¢ nenbrane |accordijng to ¢laim], wherg¢in the reéactipity nodifying
s

agent nodif}gs aet-i vty —of—af aeo—t eal—speci es. 8.
The porous p]gE mer i ?%nbr a]TQed ac¢drdin 1, 5@39% ctivity
gent nodifies hydrophilic

nodi fyi ng a ) ty [/ hydroph al. ance jof the
porous pol ypEeSQ nel@8iZand.33% Thd por p0$ pol YAB6I ¢ 2GTIGr di ng to
prein the reactlivity |nodify

claim1, wh ing agent no surfacel charge
of the por ouam{aﬁd;ynﬁm% mgrgarane| 410. Tha por pyRspo| yagsd C PRIDjANE
0 clai m|l, wher

according t ein thg¢ reactivity {nodifying agent conpr
| i near pol ymeEF#g antegdr oy i — e po potyerttTm

claiml1l, wh ¢%¢Q3 t keggrﬂeact il\?i y dify ag aﬁtégco*rHl‘Fg] aa{%ﬂ
Epal-»,m:er. 13- J

anhydride c |y 2005

A ~rhond
WP e n
bicity
2606 an
i fies a

Wy

P hn~ oLy
A 1 Al(j\/ 2 Ul

o cl

A

i ses a
ding to

S

LMH - Liter/square meters per hour

(Rule 26) RO/AT

w/o w # length | OD LMH IMH
of no of
Gantrez | Gantrez | fibers | (m) (um) | Gantrez | Gantrez
TRIS 1274 (3793 |6 0.45 1000 | 33.330 11.195
PEG 38.1 9658 |6 0.5 1100 }91.187 | 3.597
H2S04 1953 3534.1 |6 0.5 1000 | 40.101 1.081
Butanol | 70.7 6 0.5 1000 | 54.055
NaCO; | 84.7 6 0.55 1000 |41.018
TEP 1239 6 0.55 1000 | 28.041
Water 275.7 6 0.5 1006 | 13.862
Substitute Sheet




27 12. The porous polyneric nmenbrane according to claima1, mher;%g h?§005
reactivity nodifying agent conprises a poly (al kyl vinyl ether u
anhydride). 13. The porous polyneric nmenbrane according to claim1, wherein
the reactivity nodifying agent conprises a nononer of formula: OCH3 | CHZ
CH2-CH-CH O %r On 14. The porous p®l yneric nenbrane according to claim
1, wherein the reactivity nodifying agent conprises poly(nmethyl vinyl

et her/ mal ei cWinhjsdaichey ihavi ng a nol ecul ar weight of from5 x 104 to 5 x
107. 15. The porous polyneric nenbrane according to claim 14, wherein the
reactivity nodifying agent conprises poly(methyl vinyl ether/nmnaleic

anhydri de) havi ngAgQlsSiAdric WehBRhe Pmiel a bl o YPohPaeticiientbridd: 16
I'n clai 5, r@?rﬁ t

The porous pol yneri‘c nenbriane accor gto m he reactivity
nodi f yi frgmangematetiehgd anemhpditide ased fegdtiwifynyubdiftiige ngemn bésptedatohyetiifyde ledsavi ng
a nol ecu] ar_.wei ght of fFQﬁJ§-72 x 105 to 1.25 x 106.. 17. The porous,

pol yrer PR THERRT 3%8""5’6%?% 4G BPTEYSPH TerIG REmBTane FHal e foa ppro yingiae

charge gRmbrddfbasel Hbnt e RO/ME REMVARE BB MANS Withoul B8d RARRIRIe,
pol yneric menbrane according to claim1, wherern the porous polynheric

menbr aneoThRISiRg Firfee pelidsidp sitess wheretn saitheurfioe eukydpidk sitsrare imeresetad form,

Subst ant gt i Bk ABSIRAT 1 QGRS WRE HOFERE (7 S0HEH R Sl Ple

accor di whetein edidisnifice WitBMEHe sithe artefeastad avittC @ fdlyzatfe do ok aWerbidihRed 21

The porous pol yperic nbrane agcording to claim1l, wherein the nmenbrane

conpri s yg&dp Fagfgxf.'é@ , Wwherein salg amine "is selected from the group consisting of
tetracthylenepentamine and tris-(hydroxymethyl) aminomethane.

2. The porous polymeric membrane according to claim 1, wherein the polymeric
membrane forming material comprises polyvinylidene fluoride.

3. The porous polymeric membrane according to claim 1, wherein the polymeric
membrane forming material comprises hydrophobic polyvinylidene fluoride.

4. The porous polymeric membrane according to claim 1, wherein the polymeric
membrane forming material comprises a polysulfone.

5. The porous polymeric membrane according to claim 4, wherein the
polysulfone comprises a material selected from the group consisting of polysulfone, polyether
sulfone, polyaryl sulfone, polyalkyl sulfone, and polyaralkyl sulfone.

0. The porous polymeric membrane according to claim 4, wherein the
polysulfone comprises polyphenyl sulfone.

7. The porous polymeric membrane according to claim 1, wherein the reactivity
modifying agent modifies a reactivity of a membrane surface to a chemical species.

8. The porous polymeric membrane according to claim 1, wherein the reactivity
modifying agent modifies a hydrophilicity / hydrophobicity balance of the porous polymeric
membrane.

9. The porous polymeric membrane according to claim 1, wherein the reactivity
modifying agent modifies a surface charge of the porous polymeric membrane.

10.  The porous polymeric membrane according to claim 1, wherein the reactivity
modifying agent comprises a linear polymeric anhydride.

1. The porous polymeric membrane according to claim 1, wherein the reactivity

modifying agent comprises a maleic anhydride copolymer.




22. The porous polyneric nenbrane according to claim1, wherein R@}'
menbrane conprises a uniformwall thickness. 23. The porous pol1§ y 2005
menbrane according to claim1l, wherein the nmenbrane has a high nechani cal
strength. 24. A porous polyneric nenbrane forned froma blend of a
polymeric nmenbrane forming material aid an anhydride as a reactivity

nodi fyi ng agent adapted to 13 July 2005 28 nodify at | east one surface
active propeily offh¢ beropepolymepiolnysrerane axohligne clengl] wherk the r@RIiOkS

pol ymeri c nbrane formed fr m(ailgﬁ pol yneric. menmbrane formng materi al

wi t hout MOy RE A&} GPgEses g ethg fAdge)si t es, wherein said
surface anhygsi deTgi i . : i.n: Sal face
et ve annydr de. 0t BERUF Bl T PRERERecoR IR P il T Rordindft Sl

| i nkagemogdgyinghgenepmpssesal ipomma ofdodorkne according to clai m 24, wherein
said surface g@ctive anhydride sites are reacted with butanol. 26. The
por ous pol ymer|i c rrenggézne according to claim24, wherein the polyneric

menbrane forming mat ¢rial conpril|ses pol yvinylidene fluoride. 27. The porous
pol ymeri c mergrang,-aCRp-dHrgC aim 24, wherein the polyneric menbrane

form ng materijal conpr '05;‘*\5@2)@6 phobi ¢ pol yvinylidene fluoride. 28. The
porous pol ynerji c nmenbr ane cording to claim 24, wherein the polyneric

menbrane form™mg material conprifses a pol ysul fone. 29. The porous pol yneric
menbrane according, to claim 28,. wherein the ..polysul fone conprises .a
material sel Bkt ed FS BYOENRORELE TSI 159G BAE IUAPEUT § BhECTBF Feriuty

sul f onemoPEYMAragkniSetnhies pBBAMBILKY hingVlefiRPthaldd® bXRyRIdKY hadHl fa0RElecdd: The

porous pol yneric nenbrane acgording to claim 28, wherein the  polysulfone
conpr i seeighbeifsrma [Edp fanld’. 31. The porous pol ymeric menbrane according

to claim 24, ergj VIt i fying .agent difies.a reactivity

of a menbr an}aws]ur aé(;%&r ]gs éoq%ﬁé}%glélgﬁibg%}é%%cé%qm%é? %%]rg 1%3‘?%?}‘51%%? ﬁ?ﬁﬁ\”iy

menbr anmodifgiag digag dan@isas BoRdmethiE kidiyh etHeemiabae hhtidiMe) having a molecular
weight of from 2.13 x 10° to 1.89 x 10°.

16.  The porous polymeric membrane according to claim 15, wherein the reactivity
modifying agent comprises poly(methyl vinyl ether/maleic anhydride) having a molecular
weight of from 8.72 x 10° to 1.25 x 108,

17.  The porous polymeric membrane according to claim 1, wherein there is a
negative charge on a surface of the porous polymeric membrane.

18.  The porous polymeric membrane according to claim 1, wherein the porous
polymeric membrane has a high permeability.

19.  The porous polymeric membrane according to claim 1, wherein the porous
polymeric membrane has a substantial macroscopic integrity.

20.  The porous polymeric membrane according to claim 1, wherein the membrane
comprises a hollow fibre.

21.  The porous polymeric membrane according to claim 1, wherein the membrane
comprises a flat sheet.

22.  The porous polymeric membrane according to claim 1, wherein the membrane
comprises a uniform wall thickness.

23.  The porous polymeric membrane according to claim 1, wherein the membrane
has a high mechanical strength.

24, A porous polymeric membrane formed from a blend of a polymeric

membrane forming material and an anhydride as a reactivity modifying agent adapted to

§



nodi fyi ng agent nodifies a hydrophilicity / hydrophobicity bal agggpﬂ 985
porous polyneric nmnenbrane. 33. The porous polyneric nenbrane a f o]
claim 24, wherein the reactivity nodifying agent nodifies a surface charge
of the porous polyneric menbrane. 34. The porous pol yneric nmenbrane
according to claim?24, wherein the reddtivity nodifying agent conprises a
| i near pol yneric anhydride. 35. The porous pol yneric nenbrane according to
cl ai m 2thodiffient &dast erivesurfaae hitisiet yropergdof fhic norageolymaipntsiemsna roatied ® a

hydri d I . 3. Th I i, nbrane according to claim
24, wheP@PH PRETFB meRhress Topbed e REREriE SR raBs OB iaralypithhy |
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claim 24, wheérein the reactivit yi ng agent conprises a nonone

f or nul ain agagtad Jorp0asl, wheredCHEd s@IfECe @ty CrbhHrdEsilds 2@ jeactall 38th dhiwdeqhni ous
pol ynmerj ¢ rane.gccording to claim24, wherein the reactivity nodifying
agent cg)nfﬁglgggses S%II1 't hyl vinyl ether/maleic anhydride) having a

nol ecul ar  we$.ght Thé pbroaspdlyMetid mdribraneack@lingf cldie 2P ONRSin R dYhiRfake
menbrane according to claim 38, wherein the reactivity nodifying agent

conpr i s¥iveanhydusiesites e pactedtvitt buienadi ¢ anhydri de) having a nol ecul ar
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28.  The porous polymeric membrane according to claim 24, wherein the
polymeric membrane forming material comprises a polysulfone.

29.  The porous polymeric membrane according to claim 28, wherein the
polysulfone comprises a material selected from the group consisting of polysulfone, polyether
sulfone, polyaryl sulfone, polyaikyl sulfone, polyaralkyl sulfone.

30. The porous polymeric membrane according to claim 28, wherein the
polysulfone comprises polyphenyl suifone.

31.  The porous polymeric membrane according to claim 24, wherein the reactivity
modifying agent modifies a reactivity of a membrane surface to a chemical species.

32. The porous polymeric membrane according to claim 24, wherein the reactivity
modifying agent modifies a hydrophilicity / hydrophobicity balance of the porous polymeric
membrane.

33.  The porous polymeric membrane according to claim 24, wherein the reactivity
modifying agent modifies a surface charge of the porous polymeric membrane.

34.  The porous polymeric membrane according to claim 24, wherein the reactivity
modifying agent comprises a linear polymeric anhydride.

35.  The porous polymeric membrane according to claim 24, wherein the reactivity
modifying agent comprises a maleic anhydride copolymer.

36.  The porous polymeric membrane according to claim 24, wherein the reactivity
modifying agent comprises a poly(alkyl vinyl ether/maleic anhydride).

37.  The porous polymeric membrane according to claim 24, wherein the reactivity

modifying agent comprises a monomer of formula:




pol ymeric menbrane has a high perneability. 43. The porous poly
menbrane according to claim24, wherein the porous polyneric nﬁt‘!ﬂ'@%goﬂas

a substantial nacroscopic integrity. 44. The porous pol yneric menbrane
according to claim 24, wherein the nenbrane conprises a hollow fibre. 45.
The porous pol yneric nmenbrane accordi iy to claim24, wherein the nenbrane
conprises a flat sheet. 46. The porous polyneric nenbrane according to

cl aim 24, wherfei n t hgeypenbr ane conprises a uniformwall thickness. 47. The
porous pol ynmerfi c nmenfprane accordjng to claim?24, wherein the nenbrane has
a high mechanijcal_stnength. 48. porous polyneric menbrane forned froma
bl end of a po ﬁz_ccﬁ‘bﬁﬁa i rming material and an anhydride as a
reactivity nodifying a d to nodify at |least one surface active
property of thle porous pol ﬁrerlc rrerrbrane relative to a porous polyneric
menbrane fornmed fromthe pol yrrerlc menbrane formng material w thout said
anhydride, 8&npr The poroaspblgaeria lﬁ{mﬂfrmdﬁwamﬁﬁfg, to\WHEI4N whdieth Gid réR6 Qity
anhydride sites are in a reacted form 13 Ju 2005 30 and, wherein said
sur f aceMOAHYWe; agants corarrisgs Pobwmethed viny Wﬂ&r/ﬁ@ﬂ% pnkysirids} BrEng Pomelccnke d

pol yest ghidn@yef; nggx 10Ph§ sRef@us pol yneric nenbrane according to claim 48,
wherein said po? conpri ses polyethylene glycol. 50. The porous

pol ynmeri c nmef®r an@hapomusjpmigmbnc aleaitmantSiccovdmgetb pidimS8, pxlnhxyemaﬂhe(reamﬁﬁiloy ane

pol yror FECHEie 556 SURBTER AR L AT B REBi0eh RAB GOEHF ane

for M NgweRhesf RbmeOrt 1¢as 1Mmodt pg@hobi c pol yvi nylidene fluoride. 52. The
porous polyneric membrane according to claim48, wherein the polyneric

menbr ane forfd-ng #he petions pelymeri¢ g@m‘n&mcy@dirfgdn @lais 39, Wherepothe usactivity mer i ¢
membr a”ﬁmﬁ&%% de{gggt {8 Ig:r&s%s rBoFy%l’nei\:‘r\QfF vmyi~| ehler/malelc anhydride) having a molecular

weight of from 8.72 x 10° to 1.25 x 10°.

41.  The porous polymeric membrane according to claim 24, wherein there is a
negative charge on a surface of the porous polymeric membrane.

42.  The porous polymeric membrane according to claim 24, wherein the porous
polymeric membrane has a high permeability.

43. The porous polymeric membrane according to claim 24, wherein the porous
polymeric membrane has a substantial macroscopic integrity.

44, The porous polymeric membrane according to claim 24, wherein the
membrane comprises a hollow fibre.

45.  The porous polymeric membrane according to claim 24, wherein the
membrane comprises a flat sheet,

46. The porous polymeric membrane according to claim 24, wherein the
membrane comprises a uniform wall thickness.

47.  The porous polymeric membrane according to claim 24, wherein the
membrane has a high mechanical strength.

48. A porous polymeric membrane formed from a blend of a polymeric membrane
forming material and an anhydride as a reactivity modifying agent adapted to modify at least
one surface active property of the porous polymeric membrane relative to a porous polymeric
membrane formed from the polymeric membrane forming material without said anhydride,

comprising surface anhydride sites, wherein said surface anhydride sites are in a reacted form



ol ysul fone conprises a material selected fromthe group consi s} 0
Bol%sulfone, pol yet her sul fone, polyaryl sul fone, polyal kyl ;uh?SEQYEQHﬁ
pol yaral kyl sul fone. 54. The porous pol yneric nmenbrane according to claim
52, wherein the polysulfone conprises polyphenyl sulfone. 55. The porous
pol ymeri c menbrane according to clai m38, wherein the reactivity nodi fyi ng
agent nodifies a reactivity of a nenbrane surface to a chem cal species.

56. Theaphrwheseipchidnuniace mmhfairadkesies s edan@diwitle hapolycto MRRCEDsdlMRed
reactivit di fying agent nodifies a hydrophilicity / hydrophobicity
balancepﬂ¥&¥%gmﬁ%rous pol yneric menbrane. 57. The porous pol yrmeric

menbr ane accgg di ngpd on%'uélb icWh&GhBiaRe %%]:I%§/Jr%g€% kM Y8 %@e&%&d@g@%f‘t

nodi fies a surface charge of the porous I'c menmbrane. o e-porous
pol yner ¢amprebpelyethalenoglicoly t o cl ai m 48, wherein the reactivity nodifying

t [ ' ol yneric anhydride. 59. The porous polyperjc
merbr ane. acodti nBEs dRBru ReBEerian anar s dowdts; 9 (Ao r ey radh
conpr i spsly@efi®thRhfbraR M Hhing S AN LYBfises POy vV BIARY MAKSidRO! yeri ¢ nmenbrane

according to_claim48, wherein the reactivity  nodifying agent conprises a
pol y(al kyl vihyl Ehharorens eobymaniey dranghwine Gecording pordais pl, ywherein tembr ane

accor di . ' , ' react b vit nodifying.a t .gonprises a
noNno nerﬂ%?’& %‘?hn%@ﬁ%?%% %"3—%&] g?ﬂp ydrlo}é]aﬁ_lag Eﬁ’-}yé"_fﬁfje”%%ﬁ]@“a%‘; The
porous pol yni.i ¢ Tspoaane ebaidic gndntbrédediadtct8ingWVRET hith 1488 WRaekl Vhd V.
nodi fyi nq agent conprises, poly(nmethyl vinyl ether/maleic anFlydrl de) having
a nol ecRAlEpeng e pransformiggmiisrial pomprises aypolygylfores. The porous pol yneri ¢

menbrane accey di nghd Gghal 'ﬁb%enwn%eﬂﬂ}aﬁeh%céo%&ggi ¥d taim 52, wherein the

polysulfone comprises a material selected from the group consisting of polysulfone, polyether
sulfone, polyaryl sulfone, polyalkyl sulfone, and polyaralkyl sulfone.

54, The porous polymeric membrane according to claim 52, wherein the
polysulfone comprises polyphenyl! sulfone.

55. The porous polymeric membrane according to claim 48, wherein the reactivity
modifying agent modifies a reactivity of a membrane surface to a chemical species.

56.  The porous polymeric membrane according to claim 48, wherein the reactivity
modifying agent modifies a hydrophilicity / hydrophobicity balance of the porous polymeric
membrane.

57.  The porous polymeric membrane according to claim 48, wherein the reactivity
modifying agent modifies a surface charge of the porous polymeric membrane.

58.  The porous polymeric membrane according to claim 48, whercin the reactivity
modifying agent comprises a linear polymeric anhydride.

59.  The porous polymeric membrane according to claim 48, wherein the reactivity
modifying agent comprises a maleic anhydride copolymer,

60.  The porous polymeric membrane according to claim 48, wherein the reactivity
modifying agent comprises a poly(alky! vinyl ether/maleic anhydride).

61.  The porous polymeric membrane according to claim 48, wherein the reactivity

modifying agent comprises a monomer of formuia:




nodi fyi ng agent conprises poly(nethyl vinyl ether/maleic anhydrigde) hayjpg
a nolecular weight of from2.13 x 105 to 1.89 x 106. 64. The pé)go’)b@y%bg

pol ymeric menbrane according to claim63, wherein the reactivity nodifying
agent conprises poly(nethyl vinyl ether/maleic anhydride) having a
nmol ecul ar weight of from8.72 x 105 t3d 1.25 x 106. 65. The porous
pol yneri c nmenbrane according to claim48, wherein there is a negative
charge on a syrface génjhe porous polyneric nenbrane. 66. The porous
pol ynmeric nmenfgrane a¢cording to [cl aim 48, wherein the porous polyneric
menbr ane has hi.gh perneabiljty. 67. The porous polyneric nenbrane
431%—4 IﬁZTﬁiﬁiCﬁlt e porous polyneric nenbrane has a

subst anti al croscopi © edFiOt y. 68. The porous polymeric nmenbrane
according to dl ai m48, whefei n tihe nmenbrane conprises a hollow fibre. 69.
The porous polymeric nenbrane according to claim48, wherein the nenbrane
conpri ses a 6l.at FTheptroudfolyihbec pmmbmaepmbgrdﬁ]rgitfs crmﬁm??hexﬁﬁpﬂkaé%ddﬁvﬁl ™
cl ai m 48, erein the npenbrane copprises a uniformwa t hi ckness. . e
porous POAUNDE A8 HerARRINES é’@@g?lafﬁlﬁge’cné’f éﬁ“ﬁ/ﬁ%al@sc, apeiigph haviag apmplsealae has
a hi gh weehest Bah st 1ERe6R-1072. A porous pol yneric menbrane formed froma
blend of a polymeric nenbrane formng material and an anhydride as a
reactivity nddifyThgpergenpolpnernt sxmbrnemodirilingao claga$, oheresuthé m?ﬁqt ive

ropert f. .t he rous pol ric nbrane rel ative to Qrous pol yneric
Ironerrgr an%w&lg}fﬂf'}% &ng Fom™® e%ﬁﬁ@ﬁ@?ﬁhg?ﬂg‘ﬁﬁfﬁ“ﬁgn?%ﬂ%ﬂﬁa’dﬁﬂ%epg‘%g R Iflﬂ’gﬁ‘flar sai d
anhydr i geightefipdrh 9113 Binh a®e ;arfiydri de sites, wherein said surface .
anhydride sites are in a reacted formand, wherein said surface anhydride
sites are rett edThe porosipdlymeiic memyrane3cgutling 10 oBim $3, Fhereifithe pacovity
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weight of from 8.72 x 10° to 1.25 x 10°.

according to gl a

65. The porous polymeric membrane according to claim 48, wherein there is a
negative charge on a surface of the porous polymeric membrane.

06.  The porous polymeric membrane according to claim 48, wherein the porous
polymeric membrane has a high permeability.

67.  The porous polymeric membrane according to claim 48, wherein the porous
polymeric membrane has a substantial macroscopic integrity.

68.  The porous polymeric membrane according to claim 48, wherein the
membrane comprises a hollow fibre.

69.  The porous polymeric membrane according to claim 48, wherein the
membrane comprises a flat sheet.

70.  The porous polymeric membrane according to claim 48, wherein the
membrane comprises a uniform wall thickness.

71.  The porous polymeric membrane according to claim 48, wherein the
membrane has a high mechanical strength.

72. A porous polymeric membrane formed from a blend of a polymeric
membrane forming material and an anhydride as a reactivity modifying agent adapted to
modify at least one surface active property of the porous polymeric membrane relative to a
porous polymeric membrane formed from the polymeric membrane forming material without
said anhydride, comprising surface anhydride sites, wherein said surface anhydride sites are

in a reacted form and, wherein said surface anhydride sites are reacted with sulfuric acid.




74. The porous polymeric nenbrane according to claim72, mhereiq ;P? 5
pol ymeric menbrane form ng material conprises hydrophobic polyviﬁ l{ﬁ@ﬂg
fluoride. 75. The porous polyneric nmenbrane according to claim72, wherein
the polyneric nenbrane formng nmaterial conprises a polysul fone. 76. The
porous pol ymeric nmenbrane according tcd2claim 75, wherein the polysulfone
conprises a material selected fromthe group consisting of polysulfone,

pol yet her  s¥.f on&he pairyas yolsudriconeeminahey adckytidingultd oclaim aT] pakiear ahky!

sul fone. 77. .The porous pol ynmeri ¢ nenhrane according to claim75, wherein
t he poP?)W?lﬁﬁ’@"@’Sﬂﬁrffs’EE’?gﬁ'&ﬂtVﬁi@PWP“%IPPB’P(@?Y idgne d50r ous pol yneric
menbr ane accefdin i i Iyt -nfmﬁ'f L ng. t
nodi fies a rgiict i ?F% sp (g%@a%%nbﬁrﬁgﬁfg@?%%:m% %ﬁgtglc#émé’igla sﬁe%@gl.rp%a The
por ous pdipeEe membeartsrfarmeing cwoerdil sgmposes hailroplichic whiyviiytidertedluoeidet i vi ty

nodi fyi ng agent ifies a hydrophilicity / hydrophobicity bal ance of the
porpug pgl y?rz$i pn?ﬁ%r%qrglﬁe.?o . .er%hén%.ct?rg'}/fs 3;98‘?/1‘9}1’& ite ‘f]@‘ﬁbr?&ﬁewgﬁr@l?r df“’ng to
cl ai m 7gslyBea¢ fembidiR foRmiak nvHtdral compiifiadlRarbte. nodi fies a surface charge

of the porous polﬁﬂerlc menbrane, 81. The porous pol yneric menbrane
accor di ng to’@l| ai Hhe Zoroie melynarise masalyans, jacgordingditd yélpign atfenwheresimprthses a

| I i . I Lk C ra according to
cl o m 7R GBS 1cdiF SR B SRS O I S PR et
anhydr i sidfonopwilyargirsul B, pﬁhelkggﬁ?ﬂﬁlepﬁidwmfdrﬂkﬁmmm?e acclor?i lnE Ito cl a: m
72, wh i tivit i fying agent conprises a po al kyl viny
et her/ ﬁ?rafle?CIIilﬁh;ﬁﬁé:Mg?u%@P%%é?%%@g%l%P@H‘B’é ﬁ%nﬁﬂ?l&g& S;C‘é’b?fémn@hq 0

claim 7301§Mﬁﬁ@E&n%ﬁ&s?@%ﬁér}%%ﬂlfoﬂ@di fying agent conprises a nononer of
y

fornmul a: 85. The porou ric membrane according to claim72, wherein
the reactivit& nibld pyrbugpcgmatic oembrirsescqding (toetalim |72y whgrkinethb exattivwitei ¢

o B S e G ol 5, T
modi fying agent CcoRapire@SpdlphlieRichitkantioydrd@ihe tlail7el Ghaehvds tdedviiavi ng
a ol ecr%Lc?iEf)fmg agent modifies a hydrophilicity / hydrophobicity balance of the porous polymeric
membrane.
80.  The porous polymeric membrane according to claim 72, wherein the reactivity
modifying agent modifies a surface charge of the porous polymeric membrane.
81.  The porous polymeric membrane according to claim 72, wherein the reactivity
modifying agent comprises a linear polymeric anhydride.
82.  The porous polymeric membrane according to claim 72, wherein the reactivity
modifying agent comprises a maleic anhydride copolymer.
83.  The porous polymeric membrane according to claim 72, wherein the reactivity
modifying agent comprises a poly(alkyl vinyl ether/maleic anhydride).
84.  The porous polymeric membrane according to claim 72, wherein the reactivity
modifying agent comprises a monomer of formula:
85.  The porous polymeric membrane according to claim 72, wherein the reactivity
modifying agent comprises poly(methyl vinyl ether/maleic anhydride) having a molecular
weight of from 5 x 10* to 5 x 107.
86.  The porous polymeric membrane according to claim 85, wherein the reactivity
modifying agent comprises poly(methyl vinyl ether/maleic anhydride) having a molecular
weight of from 2.13 x 10° to 1.89 x 10°.




wei ght of from2.13 x 105 to 1.89 x 106. 13 July 2005 33 87. Tthﬁ&%é
pol ynmeri c menbrane according to claim85, wherein the reactivi ti‘/ f f’ng
agent conprises poly(nethyl vinyl ether/maleic anhydride) having a

nol ecul ar weight of from8.72 x 105 to 1.26 x 106. 88. The porous

pol ymeric menbrane according to clai m32, wherein there is a negative
charge on a surface of the porous polyneric nenbrane. 89. The porous

pol ymeri c meghr an@hapmouslpdjigllntaﬁc memm&ﬁaccmmgabmlam:n%p%mm %Q&aﬂ:ﬂ&ﬁ c
menbr ane .a high perneability. 90, The porous pol yneric nmenbrane

accor di Wﬁg’tafgmgl acﬂe{% NpRKie rpélyﬁn?ﬂ’é(? puWs sther/gwisieraphydridehbrdng anmelegular

subst anpbaht FBEERARCLPL ?OsitBtl%Lim‘:’:e 91. The porous polyneric nenbrane

according to claim 72, wherel menbrane conprises a hollow fibre. 92.
The porous p&.ynelhe poeub metenaccaoesibraye taocatimignio7daimMizy eheretrhéheranidndr ane

[ fl.at sheet. .93. .The porou ol ynerjc menbrane according to
gIOgFH ?%Sg %?%I%g?ﬁﬁsmﬁ%ﬁﬁfﬁ}?@ogﬂﬁﬁ”?@g?%nﬂﬁ ®B8fm wal | thi ckness. 94. The

porous pol yneg.i ¢ TROBHRAE pBEERER Hemb@AnE hddoMlifg to \Mi&hEIN \)@H&?ein’ﬂﬁ'éTgé pge has
a high nechanical strength. 95. A porous polyrr%ri c nmenbrane forne roma
bl end oPolsmpde metbrane has abighrermesbilityy naterial and an anhydride as a

reactivity I fyi ted t nodi fy. at | east_.one surface active
property of ffie pgﬁgaé&%ggﬁjﬁﬁerl ¢ _ rrag%gccrog%ﬁgg it?/gFafIB 72 %Fedlﬂuéhepmr?ﬂ%ri c
nmenbr angolfeetiethefibanctiiae a gobsyitial Masrosdobasiatebatyr ng material without said

anhydride, conprisjng surface anhydride sites, wherein said surface _
anhydride sifes alle BHous PehmEl meymhrantd aceprdingi fo sdaim si2s f wherclnifhair i de

e AL ksl cotbonete, 06, e porous polyier e |
mat eri al conyi.i seShepagloymisnybolydenie thandrrbgbe according to claim 72, wherein the
membrane comprises a flat sheet.

93.  The porous polymeric membrane according to claim 72, wherein the
membrane comprises a uniform wall thickness.

94,  The porous polymeric membrane according to claim 72, wherein the
membrane has a high mechanical strength.

95. A porous polymeric membrane formed from a blend of a polymeric
membrane forming material and an anhydride as a reactivity modifying agent adapted to
modify at least one surface active property of the porous polymeric membrane relative to a
porous polymeric membrane formed from the polymeric membrane forming material without
said anhydride, comprising surface anhydride sites, wherein said surface anhydride sites are
in a reacted form and, wherein said surface anhydride sites are reacted with calcium
carbonate.

96.  The porous polymeric membrane according to claim 95, wherein the
polymeric membrane forming material comprises polyvinylidene fluoride.

97.  The porous polymeric membrane according to claim 95, wherein the
polymeric membrane forming material comprises hydrophobic polyvinylidene fluoride.

98.  The porous polymeric membrane according ito claim 95, wherein the
polymeric membrane forming material comprises a polysuifone.

99.  The porous polymeric membrane according to claim 98, wherein the
polysulfone comprises a material selected from the group consisting of polysulfone, polyether

sulfone, polyaryl sulfone, polyalkyl sulfone, and polyaralkyl sulfone.




97. The porous polyneric nenbrane according to claim 95, mhereiq ;P? 5
pol ynmeric nmenbrane formng material conprises hydrophobic pol yviﬁ ufy;2f
fluoride. 98. The porous polyneric nmenbrane according to claim95, wherein
the polyneric nenbrane formng nmaterial conprises a polysul fone. 99. The
porous pol ymeric menbrane according to*claim98, wherein the polysulfone
conprises a material selected fromthe group consisting of polysulfone,
pol yet her  si0d.on®he pmiryay yolsndrfco neemipahy alckyrdingultd ofleim a98] pakyal ahky!
sul fone. ,13 égjy 2005 34 100. g&e porous pol ymeric nmenbrane according to
cl ai m 9BOLYSHH E‘.Cﬂmpﬁﬁspﬁwgwlﬁ @ onpri ses pol yphenyl sul fone. 101. The
orous poly | C all | Aer i VL LY
"o Tyi g ageor ook Py oos By aate iththericabliitlo AR, Rkt ERSRLI Y.
speci esmodPing Apent poydifics quehstivityiof amembramesuatacotok cgntical spaiion 95, wherein

h i Vi i fyi t. modi.fi d ilicity /. hydrophobicit
bal ance of 't K pot BLESBBT AERFe e pecordine (O Haam sy vlierciohs FobgD
menbr angodifpiap debe hedifibdd ijzcﬁtéﬁh'%i@f EhdrbPRLiGRBalafct Bf ﬂ{éqsiﬂr%%'szﬂﬂggﬂ&?@t

nodi fies a surface charge o e porous pol ymeric nenbrane. 104. e porous
pol yner MEMbEWBr ane according to claim95, wherein the reactivity nmodifying

mobr ane. acoirai ot Bog P HERt R ek 8 Tng R un s PGS DR Rt hgehe
conpr i sewdidyinghgim naxifirs siefacoftakaedithe 386us JHPmBOE BidmbpAley MEr i ¢ menbr ane

according to claim95, wherein the reactivity nodifying agent conprises a
pol y(al kyl vi%yl Ehaperrpapdymedsmymbrans)according tqglaip @S owbersis theregacivity
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105.  'The porous polymeric membrane according to claim 95, wherein the reactivity
modifying agent comprises a maleic anhydride copolymer,
106.  The porous polymeric membrane according to claim 95, wherein the reactivity
modifying agent comprises a poly(alkyl vinyl ether/maleic anhydride).
107.  The porous polymeric membrane according to claim 95, wherein the reactivity

modifying agent comprises a monomer of formula;

OCH,

——CH,—CH,— CH~—CH——
0=|\0 o

- “'n

108.  The porous polymeric membrane according to claim 95, wherein the reactivity
modifying agent comprises poly(methyl vinyl ether/maleic anhydride) having a molecular
weight of from 5 x 10* to 5 x 10"

109. The porous polymeric membrane according to claim 108, wherein the
reactivity modifying agent comprises poly(methyl vinyl ether/maleic anhydride) having a
molecular weight of from 2.13 x 10° to 1.89 x 10°,

110.  The porous polymeric membrane according to claim 109, wherein the
reactivity modifying agent comprises poly(methyl vinyl ether/maleic anhydride) having a
molecular weight of from 8.72 x 10° to 1.27 x 10°.

111.  The porous polymeric membrane according to claim 95, wherein there is a

negative charge on a surface of the porous polymeric membrane.




O=~, O'L On 108. The porous polyneric nenbrane according to c % ”ﬁ 3005
wherein the reactivity nodifying agent conprises pol y(nethyl f

et her/ mal ei ¢ anhydride) having a nol ecular weight of fromb5 X 104 to 5 x
107. 109. The porous pol yneric nmenbrane according to claim 108, wherein the
reactivity nodifying agent conprises pél y(methyl vinyl ether/naleic
anhydri de) having a nolecular weight of from2.13 x 105 to 1.89 x 106.

110. The porbis pBhy perous pokieiianacabone dédedihg t6 i 90 Wheydie iRl porbhie

reactivity modif nprlses poly(nethyl vinyl ether/maleic
anhydrlﬂg%nﬁﬁ%mﬁémﬁglﬁ%ﬁé if -of from8.72 x 105 to 1.27 x 106.

111. The porpus Pehy PEGLS EH?H{%E@ r]?elﬂﬁﬁ% géd?)gdlh% t(? Bl 20w 12‘ %@p&fgﬁ% eis
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