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MEMBRANE POST TREATMENT TECHNI CAL FI ELD The invention
relates to the treatnent of polynmeric materials to
we@nivansssss hei r chem cal properties in ultrafilPCEHAU2005001820
and mcrofiltration applications. In particular, the
invention relates to the tredtnment of por ous pol yneric
menbranes to i ncrease water perneability w thout |oss
of other desirable nmenbrane characteristics.
BACKGROUND ART The follow ng discussion is not to be
construed as an adm ssion with regard to the state of
t he common general know edge of those skilled in the
art. Synthetic polyneric nenbranes are well known in
the field of ultrafiltration and mcrofiltration for a
variety of applications including desalination, gas
separation, filtration and dialysis. The properties of
t he nmenbranes vaVIEMIBBANE ROSINTREATMEND| ogy of the
menbrane i.e. properties such as symmetry, pore shape,
pore size and the chemi cal nature of the polyneric
material used to formthe nenbrane. Different
menbranes can be used for specific separation
TECH¥I6dsEBE.Di ncl uding microfiltration, ultrafiltration
and reverse osnosis. Mcrofiltration and
ultrafiltration are pressure driven processes and are
diTat imguiishetatbytotthetredtmentast pohengria thatetials 06 emineethesr chemical
that the nmenbrane i;s capable of retaining.or passin

properies inpiafitteation and aHciogkjien ¢epYcatiphe Bgartisude) the invettion relates
oo R GEplehod Bty BB 800 BAAE Al et RBRithcu foss o
other fasitablelneaniblane cianadderdfioan whereas ultrafiltrati on can

retain particles as small as 0.01 nmm and snall er.

Reverse osnpsi s operates on an even smaller scale.
BACI&‘@}FIWB@D%ISTphase i nversion menbranes are particularly

we suited to the application of renoval of viruses

and bacteria.A large surface area i s needed when a '

I iltrate fl ' ired. A | d

¢ ShRTp g BisfihioR s a5 RETEphE st 2 RS aiPa T ey to the ste
of thelcSmin®orf Q-2 kAGWRASNSS thoselskilledname £1. a hol | ow porous

fibre. A large nunber of .these hollow fibres (up to

s Synthatic pelyurstin aenzhraneas arpivelbiknoyeirnbe fghkbofidtsieliration and

el o T oo 5 Uy b bl Steation e
dialysid. OWBe propefidt 3€ thewhdrhbrhii® vatk @dpeadint @geh®fogitolddyeof the membrane
fibres in the nodul e. By applying pressure, the water

i.e. prpRertiey @il ap AYBMEHY: RAAsliage, RoEARAR AN e chemissl ngpre{dhe polymeric
mater%fl ugé&ecafféﬁﬁﬁi% | i,ﬁn% he m crocontani nants renain
rapped outside the

-]

ibres. The filtered water
c DliffeehSmembranes 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 that the
membrane is capable of retaining or passing. Microfiltration can remove very fine colloidal
particles in the micrometer and submicrometer range. As a general rule, microfiltration can
filter particles down to 0.05um, whereas ultrafiltration can retain particles as small as 0.01pm
and smaller. Reverse osmosis operates on an even smaller scale.

Microporous phase inversion membranes are particularly well suited to the application of

removal of viruses and bacteria.
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inside the fibres and is drawn off through the ends.
The fibre nodule configuration is a highly desirable
wo@n®eass3ss enabl es the nodul es to achi eve a vePgI/AUY05/001820

surface area per unit volunme., hi addition to the

arrangenment of fibres in a nodule, it is also

n el ves

oS CEBRNH P eck ML R €1k B EVRE ety commony used
technigue t@friihitrizd the izt of tecapparatie sisédislty forih@membrane in the shape of a

m cr ost uct re of uItr(gtrdlltratlon and mcrofiltration

holloypegeus large HRIOFT o thessdellpw fibres(upde ecvgral éhousand) are bundled
togetithr %ﬁ’& ﬁ@ﬁseé?ﬁ ARdufebe H@lereﬁl Q@( 1h%a1%’1%1 {3GiTRY ﬁ@gﬁﬂﬁgp fMurification,

rather varies in re atlon e Cross-section
genereﬂ|1$Wa’r®c,levw1n ﬂDWS ulheon’tmmnﬁlrthe otet buafiick iob nkk threefilresinelie module. By

s B e LSl R RS R 5 Ta d bh S v

whileltRé ﬁ%ro&ﬂ?ﬁﬁm‘ﬁﬂﬁ@ rdtR4if SrappediAsiad R fAred, dﬁle%%e@ga{ep Eollects
menbrane wall. This m crostructure has been fou to

1nSldﬁdbeﬁbﬁmnégﬁe@@§ma)§fﬂlr0%h¢h@m a good bal ance betvveen
ad e b oo TeiePOb G 8Os pei g i B R s rbbicB o pdutes o

achleveznwrg Iﬁilﬁ‘faaé s&apemﬁt@dlﬁmeThe hydrophilic or
ﬁgr ic nature of a nenbrane is one such inportant
p p@ﬁt@n to-ag e presreat afifibras bsa modulgeit isalsh mesessag for the

poef s SRR MBS0 68 gt AL pion o

ocmuhydrophobic polyners Wat er can be forced through a
dr op c nenbrane by use_ of sufficient pressure,

osK Yﬁii%gg%r%tr%éra@ ult@ﬁ#éqtlynwmg FiEtpSidraig mpembranes is

T

variesni celefpar outhe meebsatiosaladistartcy piitan the Iﬁérﬁblaﬁé eHbH&ﬁ} fb)!e membranes

their excellent chem cal resistan bj ocompati bility,
are Prng PIRGTS MEPTYEERFS Daparng B ltE'eb%h%ﬂ% Fbarstign ofé or both

o RSB PR RB T pegprn .

odrhis misrestriotraneas dreep Grume & boadvaBageousydriopbiides a good balance
mat erj al.s e not ble.formcrofiltrati on and
betwegh peg fﬁg.ql?a]lgﬁr?r&%h Pﬁe‘frﬁ#rﬁﬁ%%e KE™Y-equi re mechani cal
SHAl Wl 4 tBOhidrb@FuBhlre Sh@BhdnhibM prbptaBed/ GRS nféﬁib%ﬂél #8 also
ly,

) can the role of plast|C|zers Current
lmporﬁ?@t f ydzpphilic eekyiyprhobc ARTERY 2 prohlyrendigioan sugFEportant
prope g ypropyl ene (PP) and pol y(vinylidene fluoride)

{E VDF) are the nost popul ar and avail abl e hydr ophobi c

NEiytrophebicBtidides afe dfiRBRHE T wattNgatHRBAAN hF@OBPhiliv 88 fARE as “water
loving”. nl\J/EI)an%fno% tlrlrglt)oelglrlnglssus\gg Itocclzqas‘y\foolrlousp&gr\g‘b(rja%esb Srtethilrdrophoblc polymers.
Water can be forced through a hydrophobic membrane by use of sufficient pressure, but the
pressure needed is very high (150-300 psi), and a membrane may be damaged at such pressures
and generally does not become wetted evenly.

Hydrophobic microporous membranes are typically characterised by their excellent
chemical resistance, biocompatibility, low swelling and good separation performance. Thus,
when used in water filtration applications, hydrophobic membranes need to be hydrophilised or

“wet out” to allow water permeation. Some hydrophilic materials are not suitable for
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chem cal stability and performance while retaining the

desired physical properties required to allow the
wOoreovboseies to be forned and worked in an appr opeT/AaU2005/001820

manner. In particular, it is gesirable to render

menbr anes nore hydrophilic to allow for greater

micrcfﬂl{rrr%ﬁcﬁ’lt A,Il%rhlﬁ)‘gﬁﬁ'rg{lﬁﬂl% 'brzMeg {h%?eg[gﬁg nf‘e%ﬂ:slﬁgal s&eng%h |a:11d thermal

ranes are or use

stabﬂﬁﬂyksfresmr&rﬁdlecmésmium tharcpaaSplasﬁwﬁtssl on. In thl S
process, at |east one ¥ner i s dissolved in
afpHEmy apel ygwmoemde K ERppelysthyiens (RE), bqalypmylene (PP) and

poly(ggllyg&%r&rhdo%dgﬁ le\iﬂ%@d%rfz Qb-}%grflgég %Htﬁhreif& aL{ftahQﬁe g@@rﬁBﬁo}ﬁé‘ HMembrane

I'm or n I mrerse
mateiialecHpivbedr the sbath contirtiesfor wenebranelinateriaB wetdeh will provide better

che ics ar a I 2t Oferégppa oeqxﬁmlpglgenlggghlraggﬁl%ﬁggg o ut I Ig]rolpgrttlgs raequlred to
allowth€ ?de?dﬂréﬁe@ % BOkNARA aﬁ? %?kéﬂ iR9hQ gflﬁ Qﬁéfﬁ‘l@r In rPartlculatr, it is

contal ning a network of uniform por Producti o
des1rzpibic wnenéersnd:mla'anafmmﬂlydm@hdmtb rnHow fer gnea:tbuﬁktraand performance.

P Sty A e e Al G D SHaClerer tardfpligy fibres and

are pl%@,hé’e@lrﬂy Fde ﬁﬁ@rsﬁﬁi VI8 ihis bFocb e aiI@hsY BBRE pSI9ndl {sQsso WAL an
factors can be varied to produce mi croporous nmenbr anes

apprqmaw selvieat gl & m@bleoﬂsqgwseogthz ealufien srachisved. t Ragpaymer solution

can bg ﬁ%S% m?@élﬁll oggpﬁgwgﬁa ,taing ﬁiernI i e&%dflﬁ%fe%ﬁ%tlbnﬁ)gt% snah as water. This

causdd Isépaadtidnt dfahéd mmagwleams:;mﬁhéﬁ doditionnidergalid @ﬁ@n@d‘r@md liquid solvent
general | yw?roduced by either diffusion induced phase

phases dpapracimatedinedymrHSipy dpaeyy storctyyy copfeining 3 96%*/@69@%@1&)1'111

poresp Iﬁ@pﬁlsciirglq @E%He?e@s ghtap gfgeec{t g %1 rﬁéﬁﬁrg@%;ﬁ&tﬁ%% 6%!} ngp%&%% §clude the

polyrﬁ&/ cbrhsnntién) tﬁéﬁﬁaﬁltaﬁ&ﬁnemﬁtaﬁﬂ te@nsEratuid 4ld the 8mount of solvent and
i ncor por ated her e| n by reference. The quickest
non-sa%V&eb@Jh%P@amef SRIHoRy Eheﬁs: ExctRse pake wisddapraduee grigrgporous

memb) g.ﬁ@s’ Wit Qﬁalr or %egf gé)f}@ g SW Mss BNl & Zq d:ﬂosts&@ a variety

utlonls ng a thernop
of chgmicylygirerial andsnéohanicalgropdrtied. | | di ssol ve t he poI yner

O B PO P ER P e s EeRcTe Bhtduced by

e1the13<ﬁfﬂ,’1§6f1 ifRiced Pieast dphiFion (HOPR! ﬁf&éé@ dr%y(%ﬁéijrrﬁﬂy%ﬁlﬂzced phase
at a specific tenperature which deperds Upon thé rat

separatiorcdlad TIR$, prpbessle separation occurs and the pol yner

o P PRy BB st e T W BT AU BRE WS 0417209 AU
65352 Rk @heshtd\@MehieE ﬁﬂ: ifBsiBoratcdelel by Wtefelicd. ncor porate a
hydroph|I|S|ng copol ymer to render the nenbrane

hyﬂwmmlqes@romdmeefor FesingopetToprIpus shsteniisdhernel gesgindietion of a
two °§%1,E}E¥%ﬁ grggg E%g%} lthq;%g %1&1{50 1‘%“}’?&%@? %gs%% F% n?%e%gglastlc polymer

in a sbivregy witiah @fill @REseakid Jidlymérh_iﬂ Bn eRvhtéad teiierdiel iR Al in6t do so at
PVdF nmenbranes forned w thout copolyner. Further, in
lowergtgmppgeratures. Such a solvent is often called a latent solvent for the polymer. The solution
is cooled and, at a specific temperature which depends upon the rate of cooling, phase separation
occurs and the polymer rich phase separates from the solvent.
Microporous polymeric ultrafiltration and microfiltration membranes have been made
from PVdF which incorporate a hydrophilising copolymer to render the membrane hydrophilic.

While these copolymers do impart a degree of hydrophilicity to otherwise hydrophobic
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cases, the hydrophilising conponents can be | eached

fromthe nenbrane over tinme. Previous attenpts to
whyasofH3sd | se menbranes formed from princi pal | BCT/AU2005/001820

hydrophobi c material have invplved preparing

hydr ophobi ¢ nmenbranes and subsequently coating these

memBfahll, Thepttr |l AR f&&?}f%ﬁl&éﬁh&ll}’@i’v@ aqg?(rgp&fgtgr permeability

forms of this process have attenpts
than equévalend hiygropboisic PivelFhyeingahéd formebwithog copoltyher. Further, in some

hydr. ophobi.c. menbr ane substr at y. processes such as
Casesg;ﬁlségﬁmpﬁwsw CopROpEntE ﬁ@%{aﬁ @ﬁ@@gsﬁ?@% 8@6?%‘%@11? BveHene.

, . .
e R T RO ARE b P lpei9 5 Brophobic
materigifaramyslvefl peepating &ydeghaed npebrembahd sybsedqiteatly icsating these with
a Sul@ﬁlg&ﬁﬁ%ﬁmqﬁérel%% ﬁ\g gt)ég\r'q?r@g%tol 2 %ﬁg ﬁ:ﬂn?éﬁggsss h%¥e involved attempts to

chempRIl§®aRd tHetHy@fophfiittidating & thahi@dphsbid _ﬁié_ﬁlﬂrﬂiaécﬁuﬁ §iehtd B€ processes

preparation of polyneric blends containing _
such pyefpesplinking PWauleithase srecessse fe trad to Blel intrediichiyn péa bydrophilic
e t for ion.
merfind B ATROREAL SWESTAUE e 8, TRETEAs {RUIRLhhores o ve
reducee poimesabiit (ThasRNEredions hitdnis apeydromilisd1nvarRhes B60sslinking
rocess result in porous_ polyneric nenbranes which are
have gf‘éﬁ%ff%ﬂulcs:d wembspensFReabilitiast y hi the present case the

i At i ilis ..
 NER TR R ok A B e NS o
hydrc?‘:]‘lﬂié rba:ctﬂjgdﬂ amnpcaﬁdn\?ﬁp]ﬁmg&ltw rﬁarr:tjtdni ofa:?e mﬁpdm?Mbsmuent to
ey.nay .pe used, I1e a .Sane tine, retalning or
membrind GRAPHEOT A RABHESH A Ferali TROBPHSRANgEe mepgbranes with some

des1rér?;ﬂggﬁéﬁé‘s, heWeler! N l%)?&%sé 1%%]1[1’?“ o o&ﬁsﬁ@@ﬁ%ﬁgn ranes which are

rophobic materialfs to che a
generpidy hblomcpdrmeelgjlipdat i on and nore particularly, to

CER T TR S—

madeQMRi GO ThyABYhoBIcaoByAdr sh&RBYdP A efantd@ie range of ag?li?ations in
di sadvant ages of the prior art, or to provide a useftu

whichythey maaitbiewised, yetilei at theesame tinee, respimingodr imprdvinisupon the performance

F pr Cll PTl .OF THE | NVENT In g.first
prope O B R I SR e oAbt DY it el to
chemichl phgvicat ahd hietaridal ﬂ@%’@&tﬁioﬁ%& e BarfeHiaFINe r¥hicdt enhance the

i ncludes a cross |inkable conmponent, said nethod

wateringEReApiHY of Hie Wewprage- treating said hydrophilic porous
E’?ﬂe i¥ gﬁggﬁﬁf@fs{ﬁé BRSet ntnl;EnﬂPI)% %g?fegédnng%%ﬂpag%egﬁ)?%% at least one of the

porous po
disadVanttrgep b the @ripe eUs tp providy 4 Gsefil lte@atve, Bagicaraalylii tdrh® of methods
cross |inkable conmponent is a hydrophilic cross
of pradu¢tiolh| e conponent. As stated, prior art exanples
i nvol ving crosslinking of one or nore nenbrane

DESCRIPTION OF THE INVENTION

In a first aspect, the invention provides a method of improving the permeability of
porous polymeric membrane which includes a cross linkable component, said method including
the step of treating said hydrophilic porous polymeric membrane with a cross linking agent.

Preferably, the porous polymeric membrane is a hydrophilic porous polymeric

membrane. Preferably the cross linkable component is a hydrophilic cross linkable component.
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conponents typically have perneability going down when

a cross-1linkable conponent is used. Further, the
woreiobosssof the prior art usually descri be deppST/AUZY5/001820

cross-1linkabl e conponent onto. the surface of the

menbr ane and cross-|Iinking i t° rather than havi ng it

infgorporatedlntot edoemxtsﬂ ere it is ca

$stelRd REORSFt SFAMBICS Y L BREFIO8 ERE ST o em rane
I
com S 4 18, S BAUINA E 0  HE AtE Upn ed
Furthen, the methodsloftbp puivr, art hslaillmlembe epositiigiesross-imtabteconiponent

onto {hor ,Tg“ cfgel cﬁ"tﬂ%l dropal LI G %g(!sgﬁg.[l CI % re?;ﬂaaﬁqéglir‘l:g?ﬂ]&cérporated into the

dope Rk dPES Kfterdit stdhfsﬂ With 8ol &Her%ethﬁﬁaﬁ@fdrﬂnﬁﬂgaédn‘iﬁbnaﬁt@%t@ RASnembrane.
whi ch contai ns a conponent which is cross-Iinkable

The caiprs- lmk}tblte ragéppmgrczsalmdcablﬂ Opnmoneltmrmeﬁerabbamlmtaiy mixed.

%rcg); 1n%f< se%nncggsg)g pmee d{%f%{ﬁgﬁl ggo:}zg S ' né%?%?@ﬁ’gﬁﬁ%ﬁ a hydrophilic

polyxﬁérﬁ: BRryfilebiien 6 elfrefiittatibRhicaibrate 114&1&&1@@4 I'tration
menbrane al so i ncludes a hydroghoblc and/ or not

D) crrssring Ratolenerpiniehiration er wiraBitiation menyereophich centains a
comPh@R SN ARE 1GRARGNGR s any hydrophilic cross
I nkabl e conponent capabl e of free radical cross
i) | itrdating sailpoynptiemeicalfilratidnhe vitraHgatiomikambeine evithomeokslinking
IS cap lajﬁe of cr%ﬁ% | i nki ng under oxi dative
agentddg SEpst{igk said evess- kel eﬁ%‘i“?%‘?ﬂ‘l arly preferred are

T e AT Bl oA B L o BT R o Bledes o

hydrapbnmmmad/bsnomhssﬁakammmmpcmenbl i goners, poI yners and

COREL Y 5l RS RL R £yt e LT M o bt

comﬁ&ﬁéﬁﬂéh}t)ﬁﬂé@f freaiaBith] &b&Minktd q{/Ior Eﬁéi'alb?y Ql‘r‘é &osé@ﬁlﬁlﬁe component

acr acryl ate, propyl acry at’e, é{
is cambquf@rq_ss llnbmgymdmm@iwylcgn@tmm Hipenmeerh @grty:u s preferred are

comaBh T RS B P BB S o

Cross ﬂﬁ{]kélﬂé bélapenentPiatiy dnbmesebiddiers rpo&li k ¥AEESpdymers of one or
Vi ny fyrrolldone and vinyl acetate. Cross

more|of Hn@aﬂ@ @Wmnmﬁbmrmiwneén@d@é@a@t vigsk alml@l s&tn@}g}é@,ethﬂ ether, vinyl
ey 8 LSR8 B0 Rl YR W BB, b st ety

methﬁﬂ?ﬁlbfeﬁétﬁ?l ethadrylate 1@1@§$fll rﬁ&hao‘iﬂaﬁﬁ B@ﬁyl m%ﬂtacryﬂzhé afd @8kic anhydride.
I | nkabl e conponent e add coati ng/ | unen or

ref?grqé@ﬁw%lﬁéwmd e @we) mésgﬁvwaya%at &gpelpmers of
invl ﬁﬁ% anount constituting the whol e of
Vi ?’ﬁ}e& ne }gﬁilg?qgﬁgtst antially the whole of the
nmeltercaoss lakabie tomponautrmaybewidahat yadcucesgesih thegpreparation of the
attenuation o

polyr%néygengaﬁlﬁq ygually WOHW@B%B{S ngi{i% into the polymer dope in membranes prior to

casting. Alternatively, the cross linkable component may be added as a coating/lumen or

quench during membrane formation. They may be added in any amount, from an amount
constituting the whole of the membrane or substantially the whole of the membrane down to an
amount which produces only a minimal attenuation of the hydrophilicity/hydrophobicity
balance.

Preferably, the hydrophobic and/or non-cross linkable component is any polymer or

copolymer of oxidation resistant material. Any polymer resistant to base attack containing one



10

15

20

25

30

bal ance. Preferably, the hydrophobi c and/or non-cross

I i nkabl e conponent is any pol yner or copol yner of
wWo@00dass3en resi stant material. Any pol ynmer resPGL/an2005001820

base attack contai ning oneor 6rmre of the follow ng

nDnoners nmay be used: chlorot fluoroethylene Vi nyl

or mo&el: ﬂ%? g‘g}? e 5121'@% Eﬂlng( CE&L gqetggwfn!gﬁ y egg /vmyl fluoride, vinyl
chlori@b WhARES hﬁéﬁ)&er/ kfﬁﬁ/ﬁ&gn‘é %Bﬁ')hﬁ@/n RexafIBbs pglgsﬁgle,gétﬁ)léﬁn €.

Particul arly prefefred as a non cross
chloreitifipomethiyens, tetvafimoraethyiinea Palctxculglslbfupmfmgd %2 porefrosslimfiable
co Par t i. gEJy preferred as a nethod of cross linking is
MPPPL ‘he polymeric ultrafiltration or

MHegfiédl crRblisking R pRéfaied. Wiricda ﬂ%ﬁfe@éﬁéd dsadh6@bd off &®ss linking is
hy droxi/i@ﬁradl cal_ may be prepared by any known source.

treating e potanaic Wiaklrangn emlg,qro laatl@lan@mbaa,ne Wigh 2 Bxdmepylaadical. The

f
hydro?(ﬁ gﬁlcg%ﬁg% gﬂag%l% S%%ygc?l? ?‘%an h;l/‘gg g%rge?]ag:l of, hé/drqB(‘}ll radicals
may, &qm@mpleabda [£) ﬁvag@fhxydqmam smﬂi@m&lmnbyhlaﬂdeﬁy@rogen
rga eroxy aC| ds such peracetic acid or
peroxgt?%@ E yerPagsH fﬁemmoaéow&lﬁ@ﬂ kydiogen mroméa.baﬂqaﬁous organic
perox\‘/}i/i tﬁﬂé Sﬁcl?&"q?r&%ﬁw g}ogﬁeﬁ&qgﬂycﬁ% W&lﬁ@ gm@grqpﬁawolet radiation,

out tion at” an I'n the rang
or by 3-c@mbiviasibn pf By dopgadpdrsxitie aad dzvyet Wigh mewhtham;div wadhbtum at any pH in
sol uti on of hydroxyl radicals prepared froman aqueous
thefﬁ&%?%] Tron of transition metal catalyst in conjunction

Wbkt Iﬁi/éfé&&fﬁ tféﬁﬁl?g(ih@ EnibranddRVif a 1oV bt ﬁ&cﬁ’&x%"ri&?@iﬁ prepared

W radiation. Preferably the transition nmetal catalyst
from prg aguenhixsainidorpdf tiansiioh indtal@atalyst in mnctlelamﬁin'dn@pn peroxide at a

N A N W "

iron IfBbAIX. UV light may be used if desi red Preferably,
after crosslinkin the process al so includes a step
ofThedesatimeng mayboYMee soakings (iiops grrreeircutatingds @@§s—lmk the

L w.t.h wa
crOSSI girér}%m E%N so \‘ég)ﬁ%e?%f or 'aggl 12%1 ¢ rRenué; fefrd -a0) t o]
a Ppefediblye aftemeossligkiap, thé pfd%a:ﬁsfhdlsﬁoanclhﬂes $stp® Sﬁleb&lﬁng fa8ound

some _cross |linked material wll be washed out, ie sone
excess) CORMOYFRET cIherfrcess WabPows) m}ym?r 8t B Washed out it water or any other

suitabﬁ{/'%?g%ﬁ dfgf Qp{)éal‘éteﬁﬁﬁ{eh nféfor é&%?eﬁln rﬁ:lﬁqpxle? of‘fé%l%&? It is possible

ccC or t 0 a rd aspec
that somw eruiss Hinkqulr matiedgswidl bmﬁ:h;hdd OIﬁ.t feu;@ﬁtel dligehiesic ragd dower polymenc

o e e SR o o A SR e
uldkafdild toaf hed aEﬁ%@p rtl?é’ﬁﬁv%ioﬁ*br&ﬁﬁésad RSt d P TR Mlising a

whi ch i s cross-Ili'nkab
polymeric microfiltration or ultraﬁltratlon membrane including:

1) preparing a polymeric microfiltration or ultrafiltration membrane which contains a
component which is cross-linkable;
ii) treating said polymeric microfiltration or ultrafiltration membrane with a hydroxyl
radical to cross-link said cross-linkable component; and
iii)  leaching, where present, any unbound cross linked or unbound cross-linkable
component.

According to a fourth aspect, the invention provides a method of increasing the

permeability of a polymeric microfiltration or ultrafiltration membrane including:
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i) treating said polynmeric mcrofiltration or
ultrafiltration nenbrane with a hydroxyl radical to

W@ e@sdsd38nk said cross-1|inkabl e conponent; andPCT/AP2005/001820
| eachi ng, where present, any -unbound cross |inked or
unbound cross-1inkabl e conponent. According to a

: f Q& 1 .1.on L.des. a t hod af .
) | SRSl L OHER O e Q855 BB contans
component efidl is atdseddinkabley trafil trati on nenbrane

polyneric mcrofiltration or

.« I ncluding;i repar.ing_ a )
i) EptHg 0 RO B R BT A e AR H SR e Bt hy droxy
radicaMid Edsd-BnlE 508 3rdsb-TkRM1€¢ Ih]?()neh{; 41 ng said polymeric
... mcrofiltration or u traliTtration menbrane with a
iii) hyehching] wherdipeesent, enycumimsend croks Eaked arrmbsuld drsabliable
compS2 onent; and iii) |eaching, where present, any

PEBGund cross I nked or unbound cross-1|inkable _

C AERORABTH to 2 BRIPAPeAANE rventidd n;}rhvﬁ%?? Fgro'ilg' gofyﬂ%?i@trﬁigfbﬁlﬁation or
rovides a porou$ polymeric crofiltratiron-or

ultrafiffrationfmembrane neludimga emes-limedugidrphiicpagaer drdopdlymer.

h il ,c pol r .or . copal r. Preferably, .the . i
CYAER0L  ROUT i 5 Bhics B STl s Gted ito s matin

of a porouegrietbftlratioh @r altatkdtlonFherBbrRA AYS inthide®F nbh LAk Bked and/or
or ultrafiltrati on menbrane al so i ncludes a non

hydrophqbic compasat- and/ or  hydr ophobi ¢ conponent. Preferably,
t r e esent .invention are asymretyric )
RO A0 5 AR Y 2 B s it
have glerge oae tace andla ampl perestazs; a8l 8 GoRIMizedth@iBnt WHiSh Msl‘%%foss the
a

t he nenbrane cross section. The nenbranes may be
membgane £ross spetiony o hsragrabrapgsymasiien flasheqtheranensipise farably, hoHow fibre
membfdp@t her aspect, the invention provides a hydrophilic

nmenbr ane prepared according to the present invention

f brangther aspecththernntién btovides @ hydophilit iieafbrhdd m@bpaed &cording to

wat.er and ste er.. I n. another aspect, the invention
the proiGiveBlOn 367 Be rieroRrbpn e ploRiraienal cotaniong westowater

t earidiR$ Qbfect, INS vk ol hél L R%8ccordi
hi anot he?pegs pect, l?tE}ber{ ' nggﬁfﬁgﬁd%?g@ﬁc&gés}h%%n%%ﬁa dccording to
theprquﬁm@ptlom fﬁ)rméfrmermlafﬁpitjepa_nﬂadmccor di ng t:) t he prhesent
inventi on for use as.protein adsqrption. In another _
a@p%gfh,ef ek ﬁ@%mv%tif’onp?fs\v/ﬁdaseé %é{gmfa«hs pReMprane grapAiRA dccording to

the predére pdiefitlofof AbSIAdWoteth AdiBrpRibgSeNt invention for use in
processes requiring bio-conpatible functionalised

nerAseRIse 8spevh dhe wwamtionypipviged & hydrophilic ehahbrase prepaied according to
the pred&f thveRtid for GG Scelles %e{u%fir?gr 10%%111%%% 240 ionatised membranes.
The term “hydrophilic” is relative and is used in the context of a refers to compound
which when added to a base membrane component render the overall membrane more

hydrophilic than if the membrane did not contain that compound.
BEST METHOD OF PERFORMING THE INVENTION

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

hydrophilised membrane.
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whi ch when added to a base nenbrane conponent render

the overall nenbrane nore hydrophilic than if the
woreob0s83e4 di d not contain that conmpound. BEST METVAIOR0SB01820

PERFORM NG THE | NVENTI ON As gpntioned above, the

present invention can be carried out upon any

polynmeric mcrofiltration or ultrafiltration rane. ...
Wﬁ\éﬁﬂng@a?ﬁéaith&prﬁeaggWPmWP@S Stanstiel FB R Bydtophili
mem‘tg%n‘lég.o R el PhINGRSRer 29 8r opRIHL Y ABK Branbd lﬂ{éy%&l@\ﬂ%ﬁ@ﬁi@f&ed

cross linking to pioduce a hydrophi'lised .
permenbitity ambdddesrbedpressutsflosses fquifidisation of awetype.dt popartgdar water

e e A0 R SRREL S P R g, o
waterSRR¥h @Ry bMRER A (HRATIEESDIE L1din Ashift asadoRl essur e

losses Tor filtration of any t%ge, but in particular
wdtreferabiy, thearpesriinking is camied out biehydroxylapdieals generated from an

[ [ i Lt i.on.of s : -
sque SRR B MR BB s b PR R M B e Rl ypder widi
conditis. | Thed® b ditishshiros@raindsSiesdritet as phidycing Fenthosigagent.

Li nki n?y is carried out by hydroxyl radicals generated

Preferakly the trepsidonmetnd 1 ag iren Hselior an At Aretpighly, therpeidic
Eatelal [ ' AW _peroxi de under acidic
condlglgﬁéd#tg%gﬂr%g& t‘yélgee co%g?ltq?o(ﬁs are soneti nes descri bed
amypraditonmyetienah da'used, aagj@sitironPrdMbybddriuyn, tcheomium, cobalt are also
transition netal .ions are_iron Il and/.or iron, II|..
preferspe  &PY BIYEOUT RISTEA T CORI Bl cap b rﬁﬂ}l&@@%@lwew be used as
the cﬁﬁ%{tsyﬁgfn?fbpt-he RB¥nin3sthéd Qﬂhgﬁfé'éént%‘%nHSn.u 88fhbilifibns of transition
just fron. Ml ybdenum chromu cobalt are al so
metalgpes mry eldo bAnyedagquibiay beditoal a vanety of somgrseand daatbecapplemented

.. easily be reduced/ oxi di sed can be used as the catal yst
with Q{9 1955 OF PRECIF BRAFREAREL hod of the pr esent

IR Meb® ouneRd ia i tRP S lyineAd fehibPdhelBhalidin@ 18V d Yiave a good
al so be used, and may be froma variety of sources,

resistaireg te Aydioaylradishlendhisds swiptising Heansopelymene meprbranes such as PVAF

peci as .pecessary. It h een found that nunber
are n g RE TRIE B RN frgnd A PudiFRY RS aleilesQeffdaue powerfu
oxidi§ifs hgdnaBen bLoray fbr exythpleas bl@:@hiﬁﬁ ofidahies fi®ns Bukdd BeMbranes. Without
because pol yneric nenbranes such as PVAF are not ver

wishigg fmpebeyndipyrteqsudt istnosgblsribat thgwsasppdioniys maxbie dup & the short
lifeti:fis gf%gﬂ?%}qqgcﬁgalgor e powerful oxidising agents than
0ZOnF€, r

exanpl e in cleaning organics from foul ed
e ohe pregaredWhibodithen) thbisolgtivo obeydroxyldadiyals Isqepyared from an
IS possible that the.r on for this may be due to the .
aquect SPOBPR PEV LAHOTINIF S P leafis o 1 aeor gl i) in

conjufiBRRLYy mg B dro%qé}?%&@(i% LoD ?ﬁy Qe wiB it MOPSind/or MO*Y*, an
prepare rom an aqueous solution o n+) and/ or
appropfiate Bjjuilibfiom teetweql the twio species will bamedcbed.i Faminsthice, it is possible to
start v?/%l? gi‘%}@r flerrr]ous or ferric species, to get an identical catalyst system. Other practicalities
may dictate one over the other, for instance, when the metal is iron, preferably iron II species are
used to start the reaction because they tend to be more soluble than any corresponding iron IIT
species. Thus, the possibility of undissolved iron III salts is reduced when starting from a
solution of iron II.

The invention will be described with respect to iron IT and iron III, but it will be

‘understood to apply to any system where hydroxyl radicals are generated.
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conjunction wi th hydrogen peroxide at a | ow pH.
Starting with either M+- and/or Mn+l +, an

wa@pEososm3sat e equil i bri um between the two speci BGT/aURd405/001820
be reached. For instance, it ds possible to start with
either ferrous or ferric speC| es, to get an identical

ste Ot her ct aI I.t i ct e one
et SYRhe Br b hinetl AR Bidel St MR Yo bl iy S xidermr
syster o ftied @*ébe)ht inveAtidn isHR SEdWRS bélb% a3RGedclion tofll%ffthér f®n 11 or iron III with
reaction because they tend to be nore sol uble than any

hydrogsp peasieds ReSSIHoEcRRliag bisicerIplomtaniary 198 spesiesi bi | i ty

of undissolved iron Ill salts is reduced when starting
froma solution of iron p . The invention will be
dk%*oi‘Hb@gi wi-&h r&SJéthOH(}H(Don Il and iron Ill, but it

unde sto fo a 0 any system V\,here
Elgpzra cal 4e' ﬁe"}/gﬁed.The general schene for
over;g[.eparl ng hydroxyl rad| cal s by the redox
cat al yst/ peroxi de/H + system of the present invention
i2sHA® shown Rel ol Ohdl@ea®Qn of either iron Il or
iron Il with hydrogen peroxide is possible,
generating the conplenentary iron species. Fe2+ + H2Q2

A3 hydfduly] rdaeR+ sfro %1dgﬁ3t2ﬁavﬁ réfaite SA@HBh!power over twice that
H2O2 H2O + HO + he hydroxyl radical is astrong

of Ch]@)‘dﬂ@t&iﬂﬂ bem\ﬁuewgldapnhe foelf iin QX@nilYfEastreugthp ower over twice

dhe ancﬁmdégll r?é%cﬂéﬁtﬂy&%qﬁo%%{sfegg%& c ép(en?s may v Be added to the cross

linkalla bhibnyts il O petkér 6f efermyg@mata?rm%ﬁptt@ﬂfmvataewﬁdﬂ 86krounds the
to the cross |inkable nenbrane together, or preferably

ﬁbre@éﬁ’bfaéleély, directly to t he wat er whi ch surrounds the

g[i fcgll @&ggaﬁlogxgs's l%ggﬁnc ?.%e ?.1# %%tgée SCF%%%gt P ions as low as
15- ZOjnﬁmZ&meeH’ﬁ:aalb&s &iut theacdctius tinfltb atlievd e cksiedd ddofie df%rosshnkmg

ach%eve t he desired delgLréee of crosslinking is |ong
is longqyy fog exapple, In %C%Swé*gé { Praferied oppespRrieIg are between 50-5000ppm

FeSOR SRR SR B0, DAL S8BT gy o o

cross bnkahh@a@mbpmsemfand ﬂmnbemﬂaabﬂl of hgkrotyl padics abvaidable, fah‘l gvell as the

cance on ' of dro radlcal avai | abl e, as wel |
temperatuge, Btpé Eagtion eSrmy b%ﬂve FEose HinlgRg ArenEem Oy -4 hrsdips more

prefelﬁﬁl?Sﬁ4Mnkl ng are from0.5-24 hrs but more preferably
Per oxi de concentrati ons between 100-20000ppm

Revoaidgraoheqritatipndlattween] (KJGZI)OOIOpZﬁmnpm prnﬂbra*hby between 400-

1000 ED%F Zr {)% RI%P }:?ggsp P&ﬁp %O%%gm%gn be lelged I% is' also} pref%rable to have the
ratio of Fe:H,0, between 1:4 and 1:7.5, and more preferably between 1:5-1:25.

Preferably pH is in the range 2-6, more preferably 3-5.

A typical the redox catalyst/peroxide/H" system of the present invention had a
concentration of 0.12wt% FeSO, at pH2, and a peroxide concentration of between 5000ppm
and 9000ppm.

The HyO, can be added all at once, however, it is usually preferred if the H,0, is added
over the period of the reaction. For example, in the case of a 4000ppm H,0, concentration for a
duration of 4 hours, H,O, would be added at approximately 1000ppm per hour.

Sodium hydrogen sulphate (NaHSO4) can be used to control the pH. Alternatively, any

acid can be used, provided that the pH is in a suitable range. Citric acid or sulfuric acid can be
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ratio of Fe:H 22 between 1:4 and 1:7.5, and nore
preferably between 1:5-1 :25. Preferably pHis in the

WO 26058386, nore preferably 3-5. A typical thePCBATR005/001820
cat al yst/ peroxi de/H + system 8f the present invention
had a concentration of 0.12w% FeSO 4 at pH2, and a

used %K Bese SN GE R A DaF% ke HRA NAOHD VDR g dRod DL Tn oo

prefeﬂ*%&' @fnbob{dlﬁ{eﬁf ehd £ id dontdBedBHZ shl%mgtl@yﬁﬁblh%rp&r éuﬁqnc/sodlum
he reaction. For exanple, in the case of a 40

hydrd@@sub“m eombugtion Ih bighdy pln@fmadcmlhwﬂlmsrﬁs; wELis crammlled by the use of
el ROSE SRS TR SR PR e, o5

in theRRhBFeCher Bt Alternatlvely, any acid can be used
provi ded that the EH isin asuitable ra

DTt icrosl ol caBlenin rabRuSRRFOTEAN P VA e wpprosslinked PVP
was S0 aablechs 168 Gon pEfend A o iRt el pdd odtum

hydrepenulfatd ad dilpwadsobdnthdteheaiitddisolutiontat rodin @perature for 4 hours

sul furic/sodi um hydrogen sul fate, conbi nati on hi highly
beforg bemgrragyehanddrtehtath distilied dewmngwa&ﬁ by the use of

Cifd Gashfi] g}v gﬁﬁﬁe&hﬁf‘ 150 ?lgréﬁe? nf R4 EE%Ef_léi‘f‘od’é"lﬁ ﬁﬁce{%e{%ﬁf

speci es. e 1 ons can resent
The drmsmﬂmblé:ﬁﬁil@)mnt isipreferbhly PVP. The crosshnkable component is preferably
n1cr8flltratlon/ultrafll ratlon menbr an

presepi pthe membraieda an pmoRBtLr M 1 rk/o; HAReRE rq%iynéﬂwaﬁcfu glaﬁslﬂghly
prefe MR 0ds1ihedié eorﬁft%leht de/ 1h Y@Ww 2005Y ﬁ{o‘?é(g&?eré‘lﬂg 2-7wt% PVP.

sodi um hydrogensul fate and al | owed to’ cont
stAs lstraed in the tabde andosampéasbeloat, theeorflp propehtywf $he membrane which

dwith.distille
is szl el B e G, B Hhiehbh Seriebition
f uriRel i Fsgibieab impAB kL ISBHnehHih yftglumhe Hb%lbrane without

crossl i nkabl e conponent i's prefera
sacrifi¢ing ﬂleumkmzeomnﬁm@ﬁt infegrify. dihisria bclye‘ﬁﬁdé:ssecrwsshlmnlﬂn@and also some
re preferably

:
teach R e PR roPentes st ERECEr bssl | nkab o

The foloRIIRR FFes Olustrhvih §@iMérenco™ Ferpicebhititybdtyeen thetulmodified
PVP. As illustrated in the table and exanpl es bel ow,

t hEhegRIPYo Y PERRariessH meTabIaRGsHORINEINE FEAPuENLS cross-linked via

hydrogﬁﬁ’ is’ L l}ﬁsﬂgtfeﬁ?%ﬁ% f?ﬁo&rﬁl% e%h{}@g' of the present

on I S permnmea is possible to

| VDY mdnl[tﬁ'amrcﬂﬁ’amlhg ﬁyro@i lluk@ble)éomlkt&leﬁewbﬂeamted with solutions of
Wi t hout_sacrificing the pore size or nechanic
1W‘t4 H@%g?r. Keptonireggent. @Ys mpeer bad the q%c?ﬂjraaﬁa ag fllpws:
Weag gg IﬁﬂDthe cross-1inkabl e conponent”, as
ex alned ear ier. The fol  owi ng exanpl es |Ilustrate
tf(él\dt%bhHSﬁne in perneability between the unnodified

crRRERY Cr bser 1 niced via s contanning
The method for treating the membranes was as follows:
Wash membranes in RO water (1hr)
Immerse membranes in treatment solution for specified time
Rinse membranes in RO water (1hr)

Immerse membranes in 20wt% glycerol (aqueous)

A

Dry membranes at room temperature
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hydr oxyl

exanpl

es.

radicals are illustrated in the follow ng
PVDF nmenbranes containing a cross-1linkable

w@vposssst were treated with sol utions of

Fenton's reagent.

| Wt 98GR SR 20056/001820

The Fenton's reagent had the

concentration as follows: O. Ybwt % FeSO4J H20 O 1 wt %
NaHSO4 0. 9wt % H2Q2 The nethod for treating the . . |
ERB FeES axgeEvesing b leohsl craxidgdrepmeniior effest cropslinkyng increased

R

tlrnme

%, WTHES,

S R AR

anes 1 n

ﬁ&ﬁfe&l@&:g%lﬂsﬁ\;\oar?g:r ution

( Mhe usetof Femtar’s eeagentias amwessslimkifaget ghopoeirtbht afmelidous p 30 %

inredg FERPTRARAD) B o tmarERPHLOY S 3L e

ranes

179%%b A85Y4), 61 RO richbERRSPA sﬁ_ﬁnﬂ%ﬁyhlejcfwe. by about 20% with
tiron In r

only a’'slight

r educ

eak extension.

oé?x? ﬂjlatbsfea?(re%(tension (from

The use of

Féonger tecatraergevith Benton’s ledds hilesisiim brealy entensipmwioavt taaround 120%,

whictFof s Shvidagity e, BREGR

still

hi

ghly flexible.

gng ea: cgre a%’ L {ir%%e%’? %bﬂle permeability
— aro @Mt £IP thekda6O1h Pef@¥abiltylhR%he 198 eitbE nidRBIRNE Was

Longer treatnent with Fenton's

| dderegvas atbgwisepogihenge mthe mwrhwlogynirhe wmembmes resplimg from

either\#fé Péhté)r?” s OF
owe

rad

ve

&ok
amat |

c

unt r eat ed nenbr ane.

I NCr ea

lc?0%§-hﬁﬂn§33r{) éﬁ%ﬁ?gl e. There was

e perneability -
around a 200% i ncrease in perneability over the
There was ot herwi se no change in
TABLE nor phol ogy of the menbranes resulting fromeither

Ly

abilit

T

Ofnelapildmpcy !

n

Fent %} adi ed.pergg?_. %df’r

Zs

I mdinbadite.
0

~TTTIKI ”94%&1&?% fHrane
es the c -

Sanpl es ofFerXtn ’Keéhgent

ved

and DP\/D K12
LB A | T V1 L v oy =

(O 2wt 0N
~F—oWH—4

Mmra dicen
yel-e—aH-Ss0

fely in RO wdter ééfusted to”ﬂa‘H 2 Jéivﬁg:*’lNaHSOd,. 3hr
Thed 2 (0. 04wt %9 was added and [ he sol utipn was
t horoughly mi xed. H2Q2 (0.32wtPd was theh added to|the
Outdidd ur e, aBOmgel |was800pmedi at el 00uar ned uP@iwm 800pum
Di addi ti pn. This experinent was repeated wth PVP K120
188t i ons rangi ng flrom 2.5- 20Wt % but repl aci ng Fed 2
mYgEN FESOA 5 NSOl Ukh§,HET Massdged| i Ny CasS€e500
ﬁth t he exception |of g.guwt%sol utqogln. It is belieyed 0
Diatitetdr t his concentrdtion is too| low as the sole
oo onhnt rn - a ocnliltion +n fAr an 1 nenl bihl A ~Aanl
Porggiggvel t he-4Bluti dn Vi IHP’S/ i herdabim i <0.Tum <0.1pm
(by SEM)
Permeability 192 233 252 373 583
Imh/bar Imh/bar Imh/bar Imh/bar Imh/bar
Bubble 400-450 400-450 400-450 400-450 400-450
point kPa kPa kPa kPa kPa
Break 179 % 123 % 169 % 122 % 120 %
Extension
Wets with Yes Yes Yes Yes Yes
water?
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Vi scosity, suggesting sone cross-linking is occurring.

Menbr anes made according to the present invention
WEowsMesss84 nproved porosity and perneability prPEEAURM®S/001820

increasing the ability of the nenbrane to filter

wat er. However, the menbr anes” according to the present

e R o T SIS SR e, P (o ¢

PIsaR@ldsioe VPR $0NQ OWitEp QM pep mo@r 3RE5) wareahs‘sblvted &dpafifely in RO
process. The present invention provides inproved

water pdjusted o thZstmg I&aﬂ%; ichlm(@ pduswesadded ﬁmbthp gplutian was
thorof TGS (f PRAE ol ey bt G ok QE S fiileciaely

forme‘dlldpbn baditiosl arhsd @@Mnﬁvb&&ép@{@dlvh&@‘vp Ki1ihe sallutloﬁshahgmg from 2.5-
i nventive concept disclosed herein is not. |

ed
ZOW%nW replaqingReCls ithiteP O+ dHddnsaivhis seli veas| fomass ipyqpch Gase with the
excepgbﬁkﬁ@S%A-ggﬁﬁwg'\fophl ﬁe\lr I?ga[ t fhiscdrok i MBn 5 § o0 16y TehQle

ofmng a ymeric mcro tration or

compotheint &f 4 $cllutitni to foreeabimasieble el Hdm&gertth@scﬂmtﬁpsvisibly ingreased in
preparing a oI nErj .m.crofi]tration or

Vlscosdﬁyt ?U%P?t SPTGSTI58 &S RSP EHEcont ai ns a

I\{i’éﬁllnjaﬂéﬁe}ﬁé& a%?m 01368 khe r}ﬁ‘é‘@nﬂ ihverdiog ?Bés@& n%ﬁv‘r&’ved porosity and

pol ymeric mcro rationd or ultrafiftration nembrane

permaability propclmlss,llmrkasugg thg elmhtytcu” thr membtanato Blgravater. However, the
Cross-|i d ,accor.din

| .
PR PP i e PERE ORBELOR A& MG eriEe R0 (cid and baso

and oRMEH@R(Thdrfne¥ fééﬁsﬁa:n{ gﬁbé&lﬁkﬁoﬁﬁgﬁl‘ﬁﬁ%ﬁed ﬁlem%raﬁ‘ﬁk fp4filtration process.
according to claim?2 wherein the hydrophi

cris presenfidarersiondapddesimpreyed Hsebeadilgy of p@@SHfa diitkhgpt sacrificing
Gl 0SS |Ink4qﬁn 4. A method according to claim?2

pmﬁ%ﬁ??&ﬁ@@?%% &gnﬁhlllc cross-linkabl e conponent is

c EWJHM &e@ﬁve@lﬁﬁﬁ fiad batkidegeribed eithasfeskeick Ve padaogliat éibsdiments, it will
A net hod according to claim2 wherein the

be unﬁgratp@é hy ithese ckidled in theiesishet toiyerisipiconsert disslsed berein is not
r hydr oxyl radicals. 6.

limite 0313’??%’&59 gggm E&A%t% 89121%386%%020% the preceding clains
wherein the cross Ilnkable conmponent is selected from
t he group consisting of nononers, oligoners, polyners
and copol yners of one or nore of the foll ow ng: vinyl
pyrrolidone, vinyl acetate, vinyl alcohol, vinyl
nmet hyl ether, vinyl ethyl ether, acrylic acid, nethyl
acrylate, ethyl acrylate, propyl acrylate, butyl
acrylate, nethyl nethacrylate, ethyl nethacrylate
propyl nethacrylate, butyl
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met hacryl ate and nal ei ¢ anhydride. 7. A nethod
according to any one of the preceding clains wherein

W0 b@eoss386 | i nkabl e conponent i s sel ected fronPCT/AU2005/001820
pol y(vinyl pyrrolidone), polgévinyl acetate) or
copolynmers of vinyl pyrrolidone and vinyl acetate. 8.

' ny o t recedi ng clains
HE Gt OF R R BRRER ke LS B CRT S T ncor por at ed
into the polymer dope prior to casting as a porous
polynmeric mcrofiltration or ultrafiltration nmenbrane,
1. ardintefiwdpdfousing @lhydmphdlcmod;ymemq micgofiliyation or ultrafiltration membrane
incl éll trafltltrz%tl on nmenbrane is then treated with a
udipg {e 9888 g agent to cross-1ink said crosslinkabl e
i) CEIpnRRBla podmdékidmideal a6 thlRgfikatianheaitar®f whichicoBtains a cross-
1to 8 V\herel n a porous polynmeric mcrofiltration or
linkalecemppnentiidon nmenbrane is treated with a coating, a
.. | i
ii) Clr‘fgglgn% thggggaé&elnld ﬁgﬁ)éﬁ%?&%) (}rﬁlt?ﬁﬁ%r_gtj} aneg?jopr?g Wlth a crosslmkmg

agenta;ﬁdrdsh-[@mktﬁﬁlﬁ&hg@ IM{hmeiaomEmbl | i nki ng agent to )
cross-link said cross-|inkable conmp en 10. A netho .
HpceerdEgto s Wherenihe eR0st wgka@ S ORPRRBY 18 @Alygrophlhc
cxmmmﬁ&:ﬁ%%§§1bhﬁﬁable conmponent is added in an anmount
pro uces only a mniml attenuation of the
3. hyAl mnlitudl decorditighty diadpbwhercinthé Ay doplelio traskdinkehtb camponent is
A nmethod according to any one of the preceding

1.
Gapatl]:l? of frge AL RS TS  yreri ¢ microfiltration or
4. Ul A nadndd afc@&ﬂdﬁ{g BRI héRf HE 85dBphivie Eﬂﬁm’ﬂﬂké’ole ﬁomponent is

conmponent. 12. nmet hod according to any one of
umﬂ@@QEGGEHQMQh@unkaMEhavmcmhmmpmlynerlc n1crof|Itrat|on

| t r.at A . : :
. nohmeptsieriiia B S Rpoaren Be S RER stpss inkile fmpepent i
capa‘tﬁé‘MfélB@s Rhkifig B 168 plesénd¥ of hydMROT Riditalshe hydr ophobl c
and/ or noncr oss Ilnkable conponent i s a polymer or

6. coborejliasiacesrding tdany one pé&i@@mmdmﬁ@iaéms afhereyy theﬂeross linkable

0 0..20% 00 f
comePR s AT P enghir el R Subinad Bl na
copolBmiRed YiRe o lndze bﬁih}éffBllowmgi ﬁlh?ll’ﬁyricﬂldb@@ ®igll hegthte, byl sAcohol,
nmet hod accordlng to any qne of clalnsll to 14 wherein

vinylppehyyefrespriayiath ﬁﬁﬂ?%racﬁé%?@ieb% mefhyhrettylae, e aerakte, propyl
ot ARG AEuTRRRLIE cih RGP BB oo tat, b

' methaxhyl@teiaiﬁ;malm)ahh}at&nib fluori de/ vinylidene chI ori de/;

{ ok PACBRONA BBy OBBO! HERErRONS TS YRS hockiperiplcable
compg)gﬁ%i‘gﬁ geﬁét:c@ecf ﬁ&nﬁibﬁ(@ﬁ@?}%ﬁol%ﬂé)o boR@RAIrRERtd) bP KGRI Fners of vinyl
pyrrolidone and vinyl acetate.

8. A method according to any one of the preceding claims Whereln the cross linkable
component is incorporated into the polymer dope prior to casting as a porous polymeric
microfiltration or ultrafiltration membrane, and the porous polymeric microfiltration or
ultrafiliration membrane is then treated with a cross-linking agent to cross-link said cross-
linkable component.

9. A method according to any one of claims 1 to 8 wherein a porous polymeric

microfiltration or ultrafiltration membrane is treated with a coating, a lumen forming fluid or a
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17. A nmethod according to any one of the preceding

clains wherein cross linking is by treating the
w@odogies3sL ultrafiltration or mcrofiltrati on PEAD2108001820

with a hydroxyl radical. 18. met hod according to

claim 17 wherein the hydroxy} radical is generat ed by

aqueou i on_of rlc chl ori de/ hydr oge
avenchepBRiGE § Stve Ry s STRRsPT S Hgnng Rrbfion S0 then treated
with aa&ﬁystﬂmagg b&en€ bPdrBAsUINART SoBs-EnebYehngponknt’ adi cal i s
generate aqueous aci di fi ed hydrogen peroxide. 20.

10.  AAmethod aa@czrdmgut@] gny encoizherpreredihg eleims wherein, e exapp-linkable

B e

hydroblidichyildiopHbiiaity balargeftied @embyanper acetic acid. 22. A
nmet hod according to claim 17 wherein the hydrox I

11y Aymetiod 'agccgéwg?t%\%ﬂowféaawﬁgdlﬁg aligerhersiobe Belymeric
mlcroﬁﬁﬁjﬁfonl&;tu V}ﬁa\ﬁlﬁﬁtﬁ}n rﬁaﬂ L 4 @Pf Fﬁ@ﬂc @8191 5ildRg to

ereint r oxy s are ¢ nerated
12. bWy meﬂmrt‘rabmthrxgno ahy hg{edasﬁxge prepexhng chemawteennthe pol/yrmdmc

u radi ati on at pHin t
mlcro%jftratwn M‘é@&?f%?rﬁﬁr@% lrtcﬁfﬂ%ﬁ? f‘?n"cFﬂ:gh]&‘E}?aﬁga (fqnéf%ﬂnieﬂtg
13. or epglryeag S inditd Qréf‘oﬁe%ﬂ’ctlélﬁﬂ 19for Ny HriR¥th th A £ &3 bic and/or non-

n aqueous sol ution of transition netal
cross tinkaly ssmpanendis; mmmrmpﬁymdofxgﬂdatmrremtd&t matedalpH

of2 thodaccrdn m.24 further. .
4 Conpriterageaioby A5 o Faue e 13aheR e fgoptobic andlor non-
Cross ﬁﬁﬁ;ﬂﬂ@b(ﬁﬁpérﬁmﬁis%‘ ﬂ&ﬁﬂeﬂ@?%bﬁél@m@hﬁsfsfaﬁ%lﬂab@ma@ﬁt al
catalyst I1s a mxture of iron Il/iron Il1. 27. A

15. et method eoenrding ¢p any aneaif plaiusliliio b whetpimhe hyrrophekic gnd/or non-

a filteri circ to cr I|nk t he
cross BRRLL Pomeiara Sobfifhs She CEGOITY B bbb Bb R 2
chlordtBf@detBglens, Ayl fluridd) yinDehlotidd; R Hd@&&ﬁjoﬁ@e/cxhﬂylf&ne chloride/;
further 1 ncluding, af t er crossllnkln the step of

hexaﬂﬂé&&ﬁﬁ@%@ﬂﬁnﬁbﬂﬁl@ﬁ ehleretifluospssitlyensy tetr eoracthyleaent | from

Irna?llr ﬁlﬁécc{} r%qg g]ﬁ g&l&g%h El%%?%hgﬁgzcagg/ro non—C{oss linkable
compoﬂleait mmer ein the excess unbound copol ymner, vvher e
17. roﬁe {Sfxg ( alpgsﬂrld]gl%gg g%é%l)\n%% gﬁ tﬁgtareeg:isq%ég g?mpsbw Srrelnscurbgs l1;)n|k(;i‘ng is by
’treatn?g:J %g ?P%r{é?ﬁtﬁ%ﬁg%of r thRBSHAREGon 1%9 bAERRLIn ¥roxyl radical.

yneric mcrofiltration or
18. ulA mafhiodtacedrilimg torelabm d@evherein the hydroxyl radical is generated by of an

p—d

aqueous solution of Ferric chloride/hydrogen peroxide/sodium hydrogensulfate.

19. A method according to claim 17 wherein the hydroxyl radical is generated by aqueous
acidified hydrogen peroxide.

20. A method according to claim 17 wherein the hydroxyl radical is generated by an aqueous
organic peroxy acid.

21. A method according to claim 17 wherein the hydroxyl radical is generated by peracetic
acid.

22. A method according to claim 17 wherein the hydroxyl radical is generated by aqueous

hydrogen peroxide under ultraviolet radiation.
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including: i) preparing a polyneric mcrofiltration or
ultrafiltration nenbrane which contains a conponent
waRi0o6/k58384 cr oss-| i nkable; i) treating said poPGIBD2M®5/001820
mcrofiltration or uItrafiItiition menbrane with a
hydroxyl radical to cross-1li sai d cross-I|inkable

5. o ke thelimgy SheBanit DB Rl e Benerated by o
combTRABR BEMidrogeh pefoiBE BHoRAME 0K #h BBwitRow#Y P @AY BH in the

pol ynmeric nicrofiltration or ultrafiltration nmenbrane
rangevh?.ch contai ns a cross |inkable conponent is prepared

from ol r dope.c ri;Sk.ng.a cross-1inkabl e . .
24 e iing R0 TR P B Bl P oS8Rt potusion of
hydro\lé';\l/Zl MARAIsGrépesDfrbintanalghesus @6lutibh bafrhhsitici mefal eRalEEA €onjunction
) ich contains a cross |inkable conponent is prepared
with yidregeanerqigdeateed op3dymeric microfiltration or

ul jltrati ' Jx - |4 -
25, ShisBhlsst o o BRI A Tt irboRo RSP Fadiaipn.
26. OfA mefidyaresridingto Cladhid4twiadréia theotransitionahéthl datdly@ s a mixture of iron
. menbrane including:i) preparing a polyneric
H/lrmi*ﬁné-rofi Itration or ultrafiltration menbrane which
co : - g :
27. PR a0 R RREREant B ol R iR 6 king, hiring or
recirculatingfio ttosstink themeodstiakeblar dnipcant yol thexpplymerdnatalk. t o
cross-link said cross-1ipkable conmponent.,; .and ii]j.
28, | doBHi BRI Baas an oF G P ORUGR RIGT Sute pibidie afer
crossHGRY e &E}?é?l’«%h&lﬁﬁ@ﬁﬁﬁouﬁg BRQREBopolyatter, VhBRIfIO&NL, from the porous
accord o claim 33 wherelin pol yneric

I ng
polymérizrofcrdfiltratioroor Wirafilttatiar ilembadrieon nmenbr ane whi ch

contai.ns, a cross |inkahle canponent is,prepared froma
2. oo PP BBt T BAE PRI B b ONaRe" e present
is leabhABHIRDH aRE 6PAEY) SiHerd RitahIBkOlvadt, MR QpRédetRRNEIRIhE or to a
mcrofiltration or ultrafiltrati on nmenbrane which
predegesminadigvel of keggkate.i nkabl e conmponent is prepared by
treati.n ast l.ymeric m.crofiltratio .
30. i Pishft ot RSion Rt R RSt notopcion ¥l ufgitration membrane
inclugi@gponent 36. A porous polyneric microfiltration or
_ ultrafiltrati on nmenbrane including a cross-Ilinked ,
D) hyderspiElaRelFeTRsicrefiltiebp ey Hipliligtion megdy@igswhich contains a
comp@ﬁér}f@g{iél’fis@c?srsﬂfnklaﬁlrgat ion or ultrafiltrati on nenbrane
accordrng to claim 36
i) treating said polymeric microfiltration or ultrafiltration membrane with a hydroxyl

radical to cross-link said cross-linkable component; and

1ii) leaching, where present, any unbound cross linked or unbound cross-linkable
component.

31. A method according to claim 30 wherein polymeric microfiltration or ultrafiltration
membrane which contains a cross linkable component is prepared from a polymer dope
comprising a cross-linkable component

32. A method according to claim 29 wherein polymeric microfiltration or ultrafiltration
membrane which contains a cross linkable component is prepared by treating a cast polymeric
microfiltration or ultrafiltration membrane with a cross-linkable component

33, A method of increasing the permeability of a polymeric microfiltration or ultrafiltration

membrane including:
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wherein the cross-1inked hydrophilic polyner or
copolynmer is integrated into a matrix of a porous
wore@sofdss ration or ultrafiltration menbrane aPGDAU2005/001820
i ncl udes a non cross-1inked :i\gld/or hydr ophobi ¢
conmponent. 38. A porous polymeric mcrofiltration or
: ul Ll tration. e.accordi pg t.0 clai,m 36 or. 37 .
D g e AR AR RARE PN b il it Féptains o
compbaeae wafich B c8ém@!linkpiiee face, and a pore size grggl eRt
... Which runs across the nenbrane cross section. ).
i) pdreaties prid prlymesicmistoditirationariugirafiration membrane atithonhydroxyl
: ar.di 0g: f clainms 36 to 38 in
i AR o ik i O pol yrrer i ¢
1ii) mrileachinig whettei poesent, any tuitafund trat liaked@ndnbaned aosPhiakable
to any one of claim36 to 38 in the formof holl ow
OMPPIHYe’ menbranes. 4 1. A porous pol ymeric .
34, MachHod!doadrifi} 10\claith 353l edih Bbl AR AHIGa A A Hri¥iration
to any one ofﬁicgl aicrrs 36 to 410%? r use in tﬁ% :
membrpry whichtcontains e caoss Lnkallatompomnt trprefaredifrom spalymer dope

stewat er,. - 42. A porous polyneric mcrofiltration or
comp}ﬁ%flégfclrﬁsilﬂifi%lﬁ C%ﬁB’Peé‘ﬁe according to any one of
35. clAam@thod@cé@dig tb @i S8 viARrdh pafykdic tnfi cAFHIR LM or \Bafilfation
por ous, gol ymeric mcrofiltration or ultrafiltration

membygigswhish cartgis @i onesstlinkainy componsht sl paepaseBBy treatit@ o @st polymeric
. ' dsaorption. .44. A poro ol yneric

mmm%ﬁgarﬁgﬁ fﬂh %ﬁ%ﬁﬁ)&l rrﬁarﬁf)rrag? Wtflraactr? ﬂu}]ﬁ? : rcgﬂjé’%ﬂ‘érgor di ng

36. t &\ porguopEyoieric hierabiltBfioh Or 4lrafifiFatiéhendribRhO@RRARBS: a cross-linked

r equi r{ ng bi o-cqgnpati bl e functionalised nenbranes.
hydrophl?ic polymier or copolymer.

37. Aporous polymeric microfiltration or ultrafiliration membrane according to claim 36

0

wherein the cross-linked hydrophilic polymer or copolymer is integrated into a matrix of a
porous microfiltration or ultrafiltration membrane also includes a non cross-linked and/or
hydrophobic component.

38. A porous polymeric microfiltration or ultrafiltration membrane according to claim 36 or
37 which is an asymmetric membrane, having a large pore face and a small pore face, and a pore
size gradient which runs across the membrane cross section.

39. A porous polymeric microfiltration or ultrafiltration membrane according to any one of
claims 36 to 38 in the form of a flat sheet.

40. A porous polymeric microfiltration or ultrafiltration membrane according to any one of
claim 36 to 38 in the form of hollow fibre membranes.

41. A porous polymeric microfiltration or ultrafiltration membrane according to any one of
claims 36 to 40 for use in the microfiltration and ultrafiltration of water and wastewater.

42, A porous polymeric microfiliration or ultrafiltration membrane according to any one of
claims 36 to 40 for use as an affinity membrane.

43. A porous polymeric microfiltration or ultrafiltration membrane according to any one of
claims 36 to 40 for use as protein adsorption.

44. A porous polymeric microfiltration or ultrafiltration membrane according to any one of

claims 36 to 40 for use in processes requiring bio-compatible functionalised membranes.



