;fghie3et U6 Tt 1 5 MODI FI ED MEMBRANES TECHNI CAL FI ELD: The invention
rel ates to porous nenbranes which have nodified physical 15 properties :)

i nparted W ¢2hg2:eddi tion of chem cal nodifiers. BACKGROUNPATAUo18ysohet i //\-VI
menbranes are used for a variety of appligations i ncl udi ng desalination(iz//
gas separation, filtration and dialysis. The properties of the nenbranes
vary dependi ng on the norphol ogy of the nenbrane ie properties such as
symmetry, pore shape and pore size and the polyneric material used to form
the menbrane. 4 Different nenbranes can be used for specific separation
processes, including V mcrofiltration, ultrafiltration and reverse
osnosis. Mcrofiltration and ultrafiltration are pressure driven processes
«and are distinguished by the size of the particle or nolecule 25 that the
menbrane i s capable of retaining or passing. Mcrofiltration can renove
very Substitute Sheet (Rule 26) RO AU fine colloidal particles in the
‘mi croneter and subnmicronmeter range. As a general rule, mcrofiltration can
filter particles down to 0.1 (err)m whereas ultrafiltration can pass
through particles as small as 0.01 (err)m Reverse Osnpsis operates on an
even smaller scale. As the size o ticles to be separated increases
so too does the pressure requi %mﬁm&wﬁﬁ out the separation and the
density of the nmenbrane. A lar e area i s needed when a large fl ux
is required. One known techni que t*6%®&ke filtration apparatus nore conpact
is to formmenbranes in the shape of a holl ow porous fiber. Mdules of such
fibres can be nade with an extrenely large 1o surface area per unit of

vol une. M croporous syntheti re particularly suitable for use
in hollow fibres and they ar g“\mmmmu‘mmwﬁ phase inversion. In this process,
a polynmer is dissolved in an appglgsgfgL ate solvent and a suitable viscosity
of the sgl utTIAME:s achi eved. The pol'ynmer solution can then be cast as a
filmor hollow fiber, and then inmersed in a 15 precipitation bath such as
water. This Mwﬁﬁwgf the honogeneous polyner solution into a
solid polyner and 1 quid solvent phase. The precipitated polyner forns a
porous structure containing a network of uniform pores. Production
paranmeters that affect the nenbrane structure and properties include the
pol ymer concentration, the precipitation nedia and tenperature and the
anount of sol¥eHANIGAH HBRDsol vent in the 20 pol ymer solution. These factors
can be varied to produce m croporous nenbranes with a | arge range of pore
sizes (from | ess Thwinvéntibntrelai¥s teporpnyd membrhnas whidhrigve hedifeed|physicadr mal and
mechani cal properties. M croporous phase inversion nenbranes are

parti cul gy | v, ¥l tieSiidafidd b9 td RIdARR JreRbhRA Abdikigppval of viruses and
bacteria. O a types of nenbranes, the hollow

(0]

BACKGROUND ART:
Synthetic membranes are used for a variety of applications including
desalination, gas separation, filtration and dialysis. The properties of the membranes
20  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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25 fiber contains the | argest nenbrane area per unit volume. Substitute
Sheet (Rule 26) RO AU D fferent techniques can be used to induce phase
separ at i owoandspsepar e pol yner nmenbranes. A pol yner di ssolpeatition/ossssol vent
can solidify upon cooling, which is known,as |iquid-solid phase separation.
Phase separation can be induced either by a tenperature change or by a
change in the concentration of the solution. These two processes are
referred to fins qolleidehparticleninthe mignaster gad sybamicrometer rome. Aip gAneral sylen

i nduced phase separation (DI PS). The norphol ogy i nduced by phase separation

needs to be mresfigdtiGNchnRIRE particles doivh @& dilpm, dfhetdasup@bitrationeh@passneeds to
be achieved. In the TIPS process this is usually done by dropping the

*t enperature I t he, gl bt e i i nt of
the. pol yrer . et B8 3al SRR RS KRS SoBltat ALY BRUBE L g By
di ffusion of a solvent and a non-solvent, to induce a phase separation.
"Wth this tceHsi que, the hollow fiber nmenbranes are produced using a

bat chwi se process. The DI PS process has an advantage that asymetric

menbr anes can easAs thelsezefod thregertidles tadaisepavated invecasqs sontomdoasfthdiptessuse f i ber s
can be perforned at roomtenperature, whereas the alternative process -

thermal l'y | ndiges BRIFE oREOREEpat#tion had thel dentity SAHE hidmbrate hi gher

t enperatures. “Si nce %ﬁgs uses the diffusion of non-solvent and sol vent it
is relatively easy to control t.he rate .at i ch, menbrane. farnpti on takes

pl ace by changi ngAtlﬁgecsB‘ﬁlﬁ%erﬁr?aa‘tsflS?‘&ngkleﬂeavwﬁgﬁ- Y ERHS tﬁngﬁ‘b"‘?”?\e pol yner
solution. The di sadvantage however, is that macrovoi ds can be produced, in
the form of te¢hmiguel ip eake Adtrationspparatfiis e gemMPRch tcto fome nembaaneg svtherphape
mechani cal strength of the nenbrane but 20 can be avoi ded by choosing the

ri ght conposiftalmiloof pazonsiibennModukes of heht fibrendandeesada vatiparegxareattly fargehe
follow ng way. A polyner solution consisting of a polyner and solvent is

brought jgnt %ugﬁggﬁg%pwl;ﬁ@vggﬂﬁéol vent. The solvent diffuses outwards into
t he coagul ation bath and the non-solvent will diffuse into the cast film

After a given perjod of tine, the exchange of.the non-sol.vent. sol vent
Subst i tute. Sheat Viipeoral Relis efbEatRR % Wil dRNag SRk B0l t i on
becones thernodynam cal |y unstabl e and dem xi nrgt occurs. Finally a flat

sheet is obtfirabendfhenatgpredigedhby phase vessiorrelnthis pracesse @ pplymay i dpiobradc

surfaces are defined as "water hating” and hydrophilic surfaces as "water
| ovi ng". Mariy adfappiopripelsyiventant hatitpsle oissosityrif tlansedutnds acdeved! Thee
hydr ophobi c. Water can be forced through a hydrophobi ¢ nenbrane by use of

sufficient nﬁ&'o‘?ﬁﬁéirs%lutﬁ‘ﬂtcaﬁ BRnPEeast Ut § LA RSNbw AbRE, Yind il iﬁﬂaﬁ?sea% absi ),

and the nenbrane may be damaged at such pressures and generally does not

becone tted evenly. drophohi ¢ . nbranes ar har i sed
by ¢ hoi 1 oexaBrEibobipal SR a5 8alet i BRRE! SUERAGTDLAR AdyRLmebhTheiet
strength and separation performance. | o Thus, in the application of water
filtration, selwionipigrasehidprtymesand Hawd splvept rhgsq, dhp prscimtiatod; nobamerdorms @
water to perneate them WMany hydrophilic materials are not suitable for M
and OF nmenbrppnes sifnature emainiag ametveork ofiingomepgeh Brodudtivarpaedmeters that

affect the membrane structure and properties include 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 20pum), 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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stability since water nolecules play the role of plasticizers. Currently,
poly(tetrafl uoroethylene) (PTFE), Polyethylene (PE}, Polypropylene 15 (PP}
and pol yvwoezigesse fl uori de (PVDF) are the nost popul ar armCTavéilloakioe

hydr ophobi ¢ menbrane materials. Polyvinylgdene fluoride (PVDF) is a sem
crystalline polynmer containing a crystalline phase and an anorphous phase.
The crystalline phase proyides goqQd thermal stability whilst the anprphous
phase has fl exi bilpitieyent trbmiaue dfekto W,P%é%ﬁeﬁ gldon,ani prepare pelymer
desirabl e characteristics for 20 nmenbrane applications, including thernmal
resi st ance, mémbianed. A pelysteadissolftdina solregbcanfsotidify oporvepoting witieh s,

i ncluding chlorine), and weat her (UV) resistance Mdification of a

‘pol yner' s sUirfodmeas BALRIDIJIRI ph¥sé @PardBbi)t Phale SepRfitiviRan Be BRIutERdHher Byh K
properties but can provide new, different interfacial properties. Menbranes

made from hydrophjli | r [ eper al .0 f.aul i t han the
25 hydr Ophoggxgggrgm?rét}agnge ﬁgg%gﬁ@an%ﬁg[@%gg%‘%eﬁgéﬁﬁ%ﬂhgg F#‘?%a |8'JF1 of the
nore chem cally Substitute Sheet (Rule 26). RO AU . resistant_ polyners has
render ed 5t hePFessss azq rebatnd; tpas thegmalhindyegd PhaﬁFeﬁeB%@tl%&mﬁhﬂ‘ésdl $iQR f or
the surface nodification of polynmers. The nost common exanples of this
cheni stry ariaduced phaserssparation (DIPSP dliwemarpbblogly endugedby phdse separatioalnegdsdap or
m xture of functional groups. In general, all techni ques of

hydr ophi | i sajd @Bured alRPhetive soRdifit Ao f bl yiferdhabdidedd ffbPdchiched. s thace
anount of polar groups. Froma m croscopic point of view, the basis of

surface hydr ilisathon is 1 im I ndi:
interacti ons’ﬂggf iécs?ssr#h%s 8 g%%%@dg’ﬁ%%ﬂdfoﬁgg ﬁﬁ%{rehlg’%fa?%g bclg:ioég{ Q‘?%ﬁﬁggg@ tg(%ll c
functional groups can interact with water nore effectively than conmmon
car bon basedemp@aiis ergthg meliing nantthepolymer, sthed 3P Shreerse dses gchagetinng a
menbrane on a non-pernmanent basis. One nethod of hydrophilising a porous
hydr opholoi ¢ coacdntatien, vassdddsrdiffosipraefa sl vanih ahd 4 howwglherdthie ipduce a phhsd he
menbrane, then replace the al cohol by water. Surfactants and a post

treat ment w steﬁaraﬁ&i. YwehQhis(@hhique, theKSlcW SiBeiffbian8fare pRiducédusip #dequat e
solution to the problem so long as the water remains in the pores.

However, if .t ter i v ' [ |

barti ol iy, AP RbeesS e DRPSpsHess Rl WEroRBES Bk miihetfBiebafles cwn
render ed hydrophobi c again, and water canngt pass throuygh the pores if it
i's not subj é‘@ﬁlgbﬂbecf?nﬁﬁ hinyddatians the spining oﬁoﬁw rwntﬁ%@e{ff’wérﬁt 94 ent i on
to overcone or aneliorate at |east one of the disadvantages of the prior
art, or to peaperdmrg wiredaslthedlternatise proeess20thSmivdlyi indiced hasetseffaration 26)

RO AU 6 DESCRI PTI ON OF THE | NVENTI ON According to a first aspect the

i nventi ofy pr@yYPSIeequired Aiihhi Bk Ydiick#ureE "Yinse DIPD 1158 hd diffikion bf fossliert
pol ymeric menbrane formng naterial and a polyneric reactivity nodifying

agent adapt egl ;.0 AR} foefalGel§ UhdyA6 SoftFi eeral ARRLH HSmBlank mBALR Yikes

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  canbe 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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pol ymeric nmenbrane relative to a porous polyneric nenbrane forned fromthe
polynmeric nenbrane formng material alone. The term "blend" as used herein
refers towan2iatienmate m xture or alloy of the polymeric nedivawe/oiHon ng
mat erial and polyneric reactivity nodifying agent which requires that the
two conponents be conpatible, ie mscible, with one another. Preferably,
the polyneri¢c nmenbrgne formn terial is of lowreactivity relative to
the reacti vi Icl§s m@eeﬁeﬁ@f ﬁtjﬁé]@fé ihe S@H@nmmtﬁermmﬂa%ﬁy BRsiphle andhdemixing may
in sone cases desirably be inert. Preferably, the polyneric nenbrane

f ormi ng mat epcairs. i BinayDF{lateshest s abithined withap heymmePOF sythinetnic sthucaraat i ve
preferred enbodi nents, the polyneric nenbrane formng material is

‘pol ysul fone. The tgampREBiY shitfcetrel efiHePss RRft@ MAthE" sldhyAkGRfliSREBed 43
which it is understood by those skilled in the art, and’is intended to

enconpass polk »P S I u n pol yar yl
‘sul fones (in %’gtlré{ i|(°g’lqﬂ%a'r Maﬁ%ﬁ; Bﬁé’ﬁwé’s’ﬁﬂf%hgﬁ%@%c?@%%% ?“Ses%l%q)eo?ifzage,

pol yaral kyl sul fones and the |ike. 20 According tQo a second aspect, _ _the

i nvent i on® pr Bydrariobic. nWates garbhe foreeddhrongh a hydrophebiemepbrancbysapf sfficient
wherein the polyneric reactivity nodifying agent is blended in the surface
acti ve por oupressirg;bat the pressive anededyis very highal 40300 psijtand themismbkanemagrtieal By
reactivity nodifying agent, it will be understood to include, but not

limted to, AsmhdiA P¥iRhHréssRREANd Sitlerdlfy doBEnsrHEBSAE R eREEERIY. he nmenbr ane
surface to chemtcal specCies. Substituté Sheet (Rule 26) RO AU 7 In

addition to react i he . Lfi i respeet to other
properties. For i %Ig fh[é%g%‘%lc g ‘%%E?‘%@ﬂﬁ‘&ﬁ%;y{a“gg%Jg‘e%’rﬂ?‘@&t%ﬁ%égc‘ﬁh@fj’t ;;Q%e e%te
nodified is the hydrophilicity / hydrophobicity and/or the surface charge
of the nenmbrshfaicHresiEmes @A?cqwtlbd}ty,rmﬁqhen%l%pngthtayd sensrationmeriggamee; s a
| i near pol yneric anhydride. Mst preferably the polyneric reactivity

nmodi fyi ngo ag@®hus, ilsthGapplicatioh/of watea filtratioh, sh bgdropindbic tembpariey need to be
reactivity nodi fying agent is included in the surface active porous

pol yneric ”E{iﬁhtéglgliﬁ th AW ANt BErndalethbi® Mty iRIpRilichhatetifls af5RAP! €, Dy

conbining w polymeric nmenbrane formng matérial prior to or during

I
To the 10 pobgie ek AR Fibfiensh e FERGE bo bR e et 2, PTTY

nodi fyi ng agent. may be incorporated into the nenbrane in a reacted or
unr eact ed f ostAbiliphungeayates poleculeslay hedglend Pstisiaesr por ated i nto the
pol ymeri c porous nenbrane may be subjected to chemi cal nodification

subsequent to i ncGopentht poly(tetniftuordrthylend) (RIFIEE), Polyetbylehe (P Palypropylahe
nodi fication is hydrolysis to 15 render the nenbrane hydrophilic. O her

preferregs chepmyGaad Fﬁﬂdi:n&ii&é{e!mﬁﬁdis (EVDHPare tSmostipopiBfand fvallableghl y

preferred formof thé invention, the GantrezTMis 1 ncluded in the nmenbrane

duri f j Ga 7T i fi. i h
o, o b0 AL RS Mek il SPLE RTINS Rk L
oAt IV, SUeas et T M g0 e 2L L EReL I enspent am ne

pol yet hyl ene gl ycol (PEG, calcium carbonate (Ca(DBj .
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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Menbr anes contai ning reactive surface groups, such as acid or anhydride
groups resulting fromthe incorporation of Gantrez can be crosslinked with
crossl i nkiwog2asrsees to form am de |inkages. The degree of poreavmei&bi on and
extent of crosslinking can be 25 used to gonstruct a nmenbrane suitable for
reverse osnosis operations. In this way, Substitute Sheet (Rule 26) RO AU
polyneric reactivity nodifying agents such as Gantrez can form porous

pol yneri c i resistant polsmiersrhap rendered dism lessusoeptibiatorfanling. Whiméeroustechiques
substrates for reverse osnosis nmenbranes. Wien the polyneric reactivity
nodi fyi ng agenét fosthieRaMHERANEdifichtion o pblymepn | THEahbst comirfdhaRambles oF tis

mat eri al before or during nenbrane formation, it is preferably adapted to
‘«conbine with I 1 Ik ' Emw

conbi ned pr e%l{ﬁpg%t?yé% r?%@oésﬁt?n?@ aﬂggo%{%%?\fie@éeo %?%%P@drrﬁég g‘?ﬂﬁr&r raneé(gaf(e:t S as
a single phase mxture. The nenbrane may then preferably be prepared by
*known net hod@’“ﬂ’io‘%aﬁmgroélpf'. Most preferably, it is fornmed into a hollow fibre
menbrane or a flat sheet 10 menbrane. According to a third aspect, the

i nventi ors al so prbvicexal,alltechnispenéf yddorhilisation hEpdymeraefaoés invelve aws

pol ymer menbrane including: i) blending a polyneric reactivity nodifying
agent with ainpRhyd&the supits amdent sTpdiad growipk.eFion a afi€koddopid poiht@fVidwy the
nodi fi ed nenbrane. The invention also provides an agent for formng a

nodi fied nme ' C]f-%ﬂﬁ’ﬂ -\ . D W2 qgﬁ{. ing to a
fourth aspecr?arsfsh%gs}]ﬁe%n 10 p%ggﬁdfggog{%@ﬁ%ﬁgﬁhg&n% an%?@?ﬁn&r} pol ymer
and a conpatj bl e secongd pol yper, sai.d secon ol ynmer. 20 bei capabl e of
Chem cal | odPieFEtionty ADEs SheniBehrogh oL SIS CoRetEs dighbic MEoRG AR Rol o
second polymer is conpatible with PVDF, or polysulfone, or nore preferably,
bot h. 9 chndnterachwithivedterongre leffaetiveluthan eorimpon carbpn bgsedwepepting imifs.

et her/ mal ei ¢ anhydride), is a linear polyneric anhydride which is avail abl e

in severfy nPhd6 dicWaridRs fiRthoddRGeRtifgUEmbMbEdNe oh @3ohipsemaddny BidigleOsd t es in
the GantrezTM structure and the extensive chem stry associated with this,

Gantr ezTM Cax‘ﬁe{ﬁgg ofh %rogr;ﬁm‘ihg% pbfas ﬂg@?ﬁg@égﬁ%ﬁ%}%ﬁk%@%&;ﬂoﬁ?éaﬁc&ﬂ&?

pol ymer fibers ovi de “nuner I'eés orirng the
fiber to specifi | i cajlons, depending.on th hem stry involved. |n one
erbodi ment - GPIIES bR pohe My TP ARLScE B e P avaish| SHERCH i and &

m xture and both flat sheet and hol |l ow fiber nmenbranes were produced from
this. The | Opgst ireatment withs glycerol cohtingthaveals been| used. sHeis is faate solution
constituted the initial experinentation, and involved quantifying the dyes
absor bed af t@rthpobidni,eoloM s thé whieErdifeiiiy i MRSpords) EHEWEVepif tHelyedter B Mbr anes

produced were tested for tensile strength,

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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perneability, mcroscopic structure and the change in glass transition
tenperature of the 15 nodified nenbrane. GantrezTMis a commerci al

i ngr edi enwO 0¥3823%r operti es and diversity both in the hydragediango

non- hydrol ysed fornms are known. GantrezTM.al | ows nenbranes to be fabricated
whi ch have excess anhydride sites, and by addi ng various am nes and bases
for exanple, the essential nechanical properties of the nenbranes can be
preserved, yE’ESQBIP@@N)@ﬁTHEiW@I‘ﬁence fl ow t hrough the porous
menbrane) and reaction with other materials can be inproved. There can al so
be a resultant degecedmgitdaff@stlaspgt the iveatior pilovities a potdis @obRyericanemtrah@nce
there was a slight negative charge on the fiber then nore particles would

'stay in susp i i i hﬁﬁéf . . 10
GantrezTM or poﬁ§ﬁ°n§%?§§ﬂkﬂ‘§/!°ﬁ§?°1§{ﬁﬁ§{?wﬁaﬂ?bg?“§ an ;1%511&&%&%da V\Q{ﬂg{msol ubl e
copol ynmer which.has the.foll ow truct : ~3.CH2-CH G IH.ClH . O=~ [/ C=0 O
o Bant ¢ oo T Te8cts g apingagsRbedaBeedlh fincit e et Sqtlre prepa e Ol YR RPRRFS of
methyl 5 vinyl ether and mal efic anhydride. GantrezTMis nmanufactured by

| nt er nat i Dnapolgpen¢ alempramegaigtiveto(d sEpusrodymericapembrane donmeddromathge of

nol ecul ar wei ghts. The physical and chem cal properties of sonme preferred

forms of Ganpelgmdiit Alembrimstfogning noiériabplaar ance: white, fluffy powder
Sof t eni ng poi nt range 200 - 225C 10 Mol ecul ar Wi ghts, Specific Viscosity

and d ass Transiti : b : i N 119
313 x 105 6 10 X HoFE Brn’ Eg‘%%%ﬁﬂt\#‘%%% %\‘i}'b{?g&arﬁ%“%%@%%éx 105
1.0 -1.5 151 ntrezTM AN | 49 1.25 %06 3.53 x 105.1, S - 2.5 153 15,

Gant r ez TM ANPlggeric membrapgouning materigh and polymerieregelivipygnodi %%enwﬁvh

et her/ mal ei ¢ anhydride) having a nol ecular weight in the range 5 x 104 to 5
x 10' nmay al ¥quiss thatdhe tMheompansoisibercompitijfle.de misaiblacvidh oheanpthey. si ze

excl usi on chromat ogr aphy, the specific viscosity carried out at 25Cin a 1

% MEK solgition i npfegatly, ﬂaapmgmeﬁe adsaibeine fé@nihp tdterinl IDERI6W redcYiPR réldtive
GantrezTM individually contribute properties to make the copol yner highly

val ued naterj ' : | i l I i .

Sabst it ut e Soang AR hYiRG et THERIAGT, minBre BoliR Mol M in
while the mal efic ang?/drid .S a hard pol ar nononmer which contributes to
bondi ng st r efficas SF%‘%}XE’FE}?F%f mal efi ¢ anhydride and nethyl vinyl ether
is as follows: Hz~ 1 + OCH3 O- ~ O ~ OS50 --~ CH2 C. HCSI CH | auroxyl

per oxi de ~ O~-~O -Piefaratdythe polymerie mepbyasiedoimingamagerial iiP ¥ BV eespecialhyani ¢

sol vents including al cohols, phenols, pyridine, aldehydes, ketones, |actans
and | over al hyih@hobicBVBFs. It is insoluble in aliphatic, aromatic or

hal ogenat ed hydrocarbons, ethyl ether and nitroparaffins. \Wen the

copol ynej, di ssol Vﬁ%l]ieﬂ}a‘é@%gfef%edaé%épﬁ, glsh?p%%}%l&% ﬁﬂﬁlb#éxﬁi"ﬁ%n% shaldia

cl eaved such that the tion o yneric free acid or the
Strsdb AT R AT A TR R
understood by those skilled in the art, and is intended to encompass polysulfone per se,
as well as the polyether sulfones, polyaryl sulfones (in particular, polyphenyl sulfone),
polyalkyl sulfones, polyaralkyl sulfones and the like.
20 According to a second aspect, the invention provides a method of preparing a
porous polymeric membrane wherein the polymeric reactivity modifying agent is
blended in the surface active porous polymeric membrane by incorporation into the bulk
material
By reactivity modifying 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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free and possess a high tensile and cohesive strength. These filns do,
however, possess an inherent brittleness, so this property wll have to be
car ef ul | ywomisgsmsed when incorporating the GantrezTM i nt o PCTAUBRRDSSANE. 15
Al t hough GantrezTM powder is hygroscopic gnd will slowy hydrolyze in a
hum d environnent, it can absorb up to 30Wm % water w thout effecting the
fl ow characteristics of the powder. MIld heating (100C for 1-2 hours) can
renove unboulmchddiionrto réetidtya thesherdbrane iy be besifiadawith saspend to dthenpriopertjes.
asynmmetric menbranes using small nol ecular additives to inprove nmenbrane

charact er i stFgSnstaweha piaERASIPHlckdicdTeattiviti & BlQodifigd iPRE Wdbphilicity / 9ood

macr oscopi c integrity such as circular lunen, uniformwall thickness, and

‘mechani cal s th .1t | r [ at PVDF has a smal |
critical sur#%%g’fo H:éﬂygﬁé/ﬁgégg}vx\ﬂa% cg'?régs‘)}f?{rﬁ%%ﬁrgh%oagul ation rate and
fiber Substitute Sheet (Rule 26) RO AU, 1%1 .solidification are slow as a
‘result of the weakrefasatdy.4bs poJymbis veaehvibaodifiang rgent 1s@near PYYmEHE vent ) and
the polyner. As a consequence, difficulties arise when preparing porous
asymret risc Piflilydtidd. | Mostfpréferablyethbpalyaerividdotivity mddifying egent BUGimrez™ af t i ng
in polymer chemstry is a process known in the art by which side chains of

a second pol yner qar.egld &Qf#ﬁ b g b LA ;
Surface grafting gleaﬁ%ﬂrsg%rfly eglg’smtg?gl n ﬁggﬁyggn%gifgﬁgggg%@yfgﬁfgﬁ%%ei zed
pol ymer coval eptly linked to the substrate polyner. Unlik i npl e.

Funct i onal i SSHEIRGHACYEPORPUS PRlYHReES maetmlhypgs Ry indorppiatian gl th bl Altetial. dpr 1 g
produces a physically distinct overlayer with properties that resenble

t hose of t heexomple, §y spmbingreowith themolymieric membrane fuolinggpatesiel pricfteong i s
based on radical polynerisations. In Contrast to techni ques where the
surface conpdirg membanefdinhtied Ibyarsionlar, ¢hd ractivity niclifyir dgent 18 abddddo the
nodi fi cations the surface conposition is the result of the effect of the

pr esence, of AR fol ystem The aimfor polyner

bl ends i!soot f‘?@""ngf‘??é’%?% pr opgfre{}PéeEI%o 9t reiyéﬁls?igl e 15 conponents into one
material. By dissql ving.one nmer in another pol yne o that there is an
i nt erpenetration ﬁhe%ﬁ%ﬂ’&éﬁ }Fyﬁ]gr?ggﬁ{;?% ‘?Wgraﬁ%ii?{?e emeé‘ﬂ’danetlﬂé‘t i's

synthesized in this way is not stable thernodynam cally. Thernodynam c

i nstabi | ity 1eacted ox wrreactedderm x Thereacbibemodifiing agenhinchporated intorthei ncr ease
the stability it is necessary to crosslink one or both polyners. 20

Sur pri si ngl ypolitheti@porbaemetbrand niay befsabjpcted endhearie] nmalificatioh attbsequnt &z TM i s
m scible with polar polyners such as the pol ysul fones and PVDF. Nornmally,

very few pol i}ﬁg@?ﬁraﬁbﬁ it 'Iﬁéxﬁbfa&li hogt Bﬁ@?&&a'aaeﬁica} molificaBdRtMy8rolysiio

literature rev s that there s known only one polyner, polyvinyl
pyrrolidone (PYP), which is 'sc'.ledé%%% ib W th h ..PVDFE d
pol ysul fbne. lfeg%)&??’ﬁ r@ﬁ@%"?@f’e %%Iﬁi‘j{ ‘ﬁ)emi%atl todfichtion® Inofide cross

linking. In a highly preferred form of the invention, the Gantrez™ is included in the

membrane during formation and the resultant Gantrez™ modified membrane is then
subjected to crosslinking or an additional treatment which modifies reactivity, such as
treatment with one or more of tetraethylenepentamine (TEP), tris- (hydroxymethyl)

20 aminomethane (TRIS), sulfuric acid (H,SO,), polyethylene glycol (PEG), calcium
carbonate (CaCQO3).

Membranes containing reactive surface groups, such as acid or anhydride groups
resulting from the incorporation of Gantrez can be crosslinked with crosslinking amines
to form amide linkages. The degree of incorporation and extent of crosslinking can be

25  used to construct a membrane suitable for reverse osmosis operations. In this way,
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(Rule 26) RO/AL



In the prior art, it is known to use m xtures of two pol yneric nmenbrane
formng materials which are not mscible. These prior art mxtures require
st abi | i zawiopee/asysecr oss |inking, ie the two non miscible mat@EmAsdiiase
stabilized by chem cal reaction, and in this regard, they are not true

"bl ends"” as defined herein. Gelation is an inportant consideration in
menbrane formation. Gelation_can be defined as the formation of a three

di mensi onal PRYMeRkragotivihamrpdifying igepinsuck a3 Centegoan fnhporovypalygeriat i on
occurs, a dilute or nore viscous polynmer solution is converted into a
system of i niidrofileration opsltriafiltratibminetrtbrargs gdlich adt gedubstaatebfor evemsedemesisas a
hi ghly elastic, rubberlike solid. It is inportant to note that gelation is
'not a phase }@meppasati on and can occur in a honogeneous solution (that is
a polynmer and a solvent) as well. Experinments will have to be carefully
nmoni tored so as tQ,avoi d gelation . in the.polyner solution, .and.,one,of the
‘obj ect i ves of t he VERBARRLMEN vty SRodime abept 8 mepareted il s hotene
optim ze the ampunt of GantrezTMin the polymer solution wthout gelation
occurring. Imembraagiferming matesiobibeionsioz during mepbranedomagtioneit Tapreteratdy cur | f
there are nultival ent conponents in the polyner blend such as pol yal cohol s
(in various ddapted ts uembime vatighe mendodnebhiying aataimd isan padowdistioch thaethgl ycol s,
et hyl ene glycol, glycerol and the |ike). These gelation reactions can be

m ni m zed by, ' [ : d ' ' e
mul ti val ent %Jon?r(ggﬁde t%ﬁ‘g‘g‘ t%lt%%%ll}ﬂralge %;%QEgggr?ﬁggpyﬁ%{%q?éh@r%én%&a#g%@?ﬁ ng 20
m xture (or Vvice versa).. i med atel rior to nbr ane siing. e.of the
st capabl SHESHBVHE SRS BeNAERs FK HobPhefa@b e HrarErd & umetads n

copol yners. The reactions exenplified below are just sonme of the many
reactions t Hie adaMast praferally, ittsfoimastiiatophellow fhyeunemtmne ate flafohset

hydrol ysis quite readily. The 25 hydrolysis reaction was carried out in the
presenceif membgingm buffer (0.5M sodi um Substitute Sheet (Rule 26) RO AU
14 chloride + 0.1M sodium borate pH = 9.3). The problemw th hydrol ysing
the GantrezTM | i eg.dgi | Ifleha phl, be

| ost when this re%tc:éfdi?%]?]@? % gsﬁfdqusggéé’.th%gqg%ﬁ@ﬁélyfﬂ%qﬁ%e nt sﬂiﬁoﬁﬁ% ezTM
does dissolve inwll. al so dissolve the pol r material that makes the
nenbr ane fi bt§F§‘.’rfaI"8 ogﬁéﬁoﬁwof}ﬁ??%@dlﬁﬁ‘%ﬁhe surface nodification
trials, the GantrezTMis only partially hydrolysed then reacted with the
pol yf unct i oriableamng@,pqlnnmcd@pcttveiyéwlsémgrﬁge@amh 8 pelymgric menphsanesigeminge

am ne groups. Under the appropriate conditions, the reaction of am ne
groups can bhmeategeisilamded over hydrol ysis even in an aqueous nedium 1o A
variety of methods are available for the characterisation of surfaces and
per meabi |4 tyﬁ)%ngeat[gg i@ nidttpeadsor ption or fouling onto a surface is
to use radiodctive |l abels, tagged to the appropriate nol ecul e, however this
met hod has proved.t 0o cunbersone..,Characteri sati.on of .t modi fi ed

Tenbr anee i & or uoTy GRS Eigr S REhGhr FithifEs Sodld Hamrach
production paranmeters _can change the surface structure 15 and consequently
have a dr astdceordpmeecwitl thernseasdBEASRRSSf or mance. Structural menbrane
properties such as pore size and pore size distribution are able to

det erm ne which According to a fourth aspect the invention provides a blend of a

membrane forming polymer and a compatible second polymer, said second polymer
20  being capable of chemical modification after membrane formation.
Preferably, the compatible second polymer is compatible with PVDF, or

polysulfone, or more preferably, both.
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particles or nolecules are retained and which will pass through the
menbrane. The two techniques primarily used to observe vibrational spectra
are infrawed2(388py and Raman spectroscopy. The | R spectrumparm/s@a/ofissom t he
absorption of radiation, 20 which resultsgfromtransitions anong the
various vibrational quantumlevels. Infrared testing is carried out
primarily on the bulk nodified polynmer nenbranes. |R neasurenents are taken
on a pol ymer sol (Rhecammer¢iabenpolymetGiantre{¥, cepoly(wethyl vinybether'maleid i nto t he
pol ymer matrix and these two results when conpared. One region of interest
i n the inveshhgdideRns Qiiné‘a?@blﬁxieriﬁ%h?drﬁﬁ VAN ERWhilablE et a@bmoRklat he sharp
25 am de peaks around 1700 cm 1 wavel ength. Substitute Sheet (Rul e 26)

‘RO AU 15 é?%]it? ged Total Reflectance, also known as Internal

Refl ecti on §\f)e roscopy is invaluable in the characterisation of surface

| ayers. This technique relies on the intjmte contact angle _of a sanple
with the surface Q}feqa thg f@ﬁ"t}vérf\nhkfilﬂ}?élt%ﬂ'gﬁ? Ganirez"4 stsyeine and e exisnstyRe
basic principles behind this technique is that infrared radiation enters

t he pri s/ atchamisaabsociwadavith tHid) Gantrbe™ can hotwaly progide thagsbropiatat er nal |y
reflected at the prismsurfaces, but attenuated by absorptions fromthe

sanpl e contqﬁlr i Bl L i : oo

exani nati on dg ﬂ%@({% ggﬂllegﬁwésf ﬁé)%f\}gorui%h\ﬁoeﬁ#?’h ell#l‘{h,%érél %i é1b§lg£eﬁtrt]‘§&§a1éor%n§r
characteri zi nd investigating the rous,_structure of nbranes. The
esotut on hefbage saeedicamBouthe, SoiaRe st CeshERS el ihe 0 01 (errym 10
range, with nore sophisticated mcroscopes operating at resolutions of

0. 005( er r) m ( 5nniin ove embedimentioftbe tiventiq, Gantrez™ was hdddddb [thawdljerdapenbr ane
can be obtained in terns of the surface and cross-section, and an

estimation Ghixhi&aPheth iffay siRBarddio oS fMfer tefibrarey Wedipoaical ffsin s, 0Pkari ned.
Many pol yners are poor conductors of electricity, and as a result, charge

rapidly .15 j . actron beamis
scanned 1ﬁcr gagféﬁﬁte'éﬁﬁgﬂ}egg) S‘f ?’llil ?lﬂgeat?aﬁgﬁ%t bﬁ%ﬁ&%é‘?@?ﬁgé%&tﬁh@ élte i nci dent
el ectron beam and causes image distortion. This problemcan be overcone by
coating t he ¥pegnentgians and yalysd apapfifying dhe dyss absogbeg Afigr pasidregpnent pkthe
applied by sputtering and typical filmthicknesses are 20nm Sputtering
i nvol ves cr emtmbrgnésons, accel erating themon a target, form ng atons or 20
clusters which are then deposited on the nenbrane substrate. The bubbl e

poi nt nethod is FhedbliewifieAnRnbriiRs Produtedwaeidstdd foetenkile stfenpthe force
needed to drive a liquid through the pores. The liquid used in this case is

wat er, and - or . j I

rax mam por S eRi AR RHE e it bl g, BTELS BB RN e o
(Rule 26) RO AU 16. Mechanical tests are often used to assess the ageing
or chenildal medified mewBrade- naterials. The change in tensile properties of a
material, are useful indicators of the degradation of a material. Testing
consi sts of securGanget™és 8 estmeriyllirgrbdiente dts propertisstand divegsitydwth frthe set  of
grips is fixed and the other is attached to a noving crosshead and

hydrolysed and non-hydrolysed forms are known. Gantrez™ allows membranes to 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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| oad-cel | arrangenment. Machi nes neasure the force necessary to el ongate and
break the sanple. The break force is neasured and reported as a tensile
stress vawgeo2ng2sdi vi di ng the force obtained by the cross- sgavAvnah4sar ea:
Tensile stress (Ma} = F/A lo Were F = fgyce (Newtons) required to break
the test piece, and A =cross-section area of test piece (mMmR). The break
force is a reflection of the strength of the polyner fiber and is obviously

of hi gh i npor t anceantrezibernoky(methyl piswt dh@ﬁém&lél ydrideprisreowataesplulple eak

extension is the elongation nmeasurenment fromthe tensile machine is given
by the extengdpelynét vaasloRas! tROBlldwing/dtelRelr®y the original gauge | ength.
Break Extension t5 is given as a percentage figure, while strain is shown
‘as a fraction. Tensile strain = change in length/original length = (11 -

1 0)1 0 Were h = |engthcgeg;ween gaugel marks (mm) and to = original gauge

| ength (mm) Break Exte sion:(lI - lo)lo x 100% The Break Extension is a
‘measure of the el c:% poIS/mer fiber, which can also 20 be
expressed as Youp he Jnodul us of elasticity: Young's nodul us

= Stress/strain |n I|ne rt|@a=gf stress-strain curve. This is the ratio
of the applied stress to thg\s/raln it produces in the region where strain
is proportional {o stress. ThPs nmodulus is primarily a neasure of
stiffness. Qbviously, as the polymner "degrades, the break extensi on will
decrease, so these two tests are excellent 25 neasures of polyne

degradat i on. SubsGantize" Bladimear RIyreeriGnhRdyide. whichiis theHatomlimer Qtilmtbyla
primary factor in governing the performance or efficiency of a hollow fiber

menbr ane § ory; ‘ﬁ?lt&ﬁerfahh tiaMié RihyAHRS.| Gaht&MSisinsarubRnfrbPNy BftethiBhal B]Sé&!ﬂ@ t he

menbr ane. The ux or perneation rate is defined as the volune fl OWI ng

t hr ough the er unl ea and ti e equati t hat r| bes
the Trux is: Poayas ERRYEHq vt hted oI oler ot o bl

menbr ane area and Ot the sanpling tine. The perneability is an |nportant
par aret er whehemie prapsttios 91 sorae prefesead forms of Ganteealti ar¢ bistedbeloant r ezTM has on
t he menbrane performance. |0 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1
shows the tiAppdaegi¢es ed for conpwhit€ fhifflipehwdast s of GantrezTM as a function
of tenperature. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON i s EXPERI MENTAL
METHODS Pr od énﬂkoﬁ Sheet \E}esA dope solution was prepared
according to for atlon DF17.1g {17%Li Cl 3.54g {3.5% 20

5650 15 S63°§M7 TRERHIE E N RO R R

pyrrolidone Substitute Sheet (Rule 26) RO AU 18 All ingredients were
added together and the dopeMsol ution Mas al | owe¥iscosityi x of; (l€hted rollers
(50C) overnight. Once renoved fromthe rollers, the mxture was left to

settle (to rgmmve™AN Ybbl £33 &krof t hg1sqliati on(),1f_1115 hal f152 day. The dope
sol ution was cast onto a glass plate (which was notably hydrophilic) 5

using a gl as&g&tpe% ‘ﬁﬁc rren??ineomzsg/?géélay mpsr Sllg‘lg theﬁgl ass plate into

a precipitat onsi st'i'ng “of 200

GantrezZ AN 149  1.25x 105  3.53x10° 1.5-25 153

15 GantrezMAN169 1.89x10° 578x10° 2.6-3.5 154
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
exclusion 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 contribute properties to make

the copolymer highly valued material in a variety of applications. The poly(methyl vinyl
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45% H20 10% NWMP 1o The nmenbrane was imersed in the precipitation bath for
10 mnutes (until the nmenbrane was able to be "peeled off ' the glass

pl ate). Twe amsstacane was divi ded into equal proportions amrdTssumloesower e
soaked in the follow ng post-treatnent sojutions until testing was carried
out: 1. 3% Tetra et hyl enepentam ne (TEP) 15 2. 3% Tri s- (hydr oxynet hyl)

am nonet hane (TRI'S) . 3.. 1 % Sul furig A&id H2S04) .4.. 100% Pal yet hyl ene

gl ycol ( PEG)ether) sgollgxdble Slafomer yinledt y@ride)ig @deapst plAoNoBAMS second
flat sheet dope fornulation was produced to observe the nmenbrane w thout

t he additi vewhkivRcairiB6igOto Hovelifgodtlengthng sol uti on was nade up: PVDF 17. 04g
(16.8% GantrezTM 3.44g (3.4% LiCl 3.88g (3.8% 25 NWP 77.02 76%
Substitute Sheet ficsorhlorBiiAbamhydhe simeRy vifsl AREAS 8 follBgs eI ane was
cast in a precipitation bath of PEG H2O NWP, and Sanples inmersed in the

si x solutions nentioned above. The qualitative.and quantitative anal ysis
‘were carried out as above and results e detail edOCH; t he next section.
Anal ysi s of tlﬂeCFfE‘l Sheet nes Both qualitative and guahtitative

anal ysis was carrifpd out ondhe Uferlagﬂ;(y’lrre CHpeSH e gual|fative

anal ysi s that was @@hri edout™§MvolVedeshipi ng 1 cn2 _sanpkgs pf menbrane
into different coloured dyes, nanely Saffranin, Met rﬂ///lsca\g/angﬂa and 1 o
Fuchsias. The intensity of the colours in the nmbr anes was exgmni ned
visual ly by taking photos of the nenbranes after they had been in the dye
solutionsg f Y I Is S were
aken of St heusintis sfElcR Wk apd Biuh BtniY BV Bbufh g hicoIG SHeRhip
results are outlined in tg% next section. The. quantitative, anallys_i S

i nvol ved t hePYsdisy pldgiydes.dretangs lachamasand lower alinhatic egtersy ItisinselubledBy py t he
sanpl es using a Hach Spectrophotoneter. Initially, the wavel engths of the
dyes had t o dliphatid, exdnatiechr helogenated hyidedcarhods, ethnyd etheesddbuitropeatiimse t he
regi on of wavel engths of the colours is known (for exanple red is between

500 and 600 nm t{yReRNRTop¥BUR; BRREHIVesGR Watkr RE alcBhsibl tAE Sthydhb&liNBIRliengt h

correspondi ng to the maxi hum absor bance obtai ned, was thé optinum

concent rat i Gieved SR BATEC Fefualfh Bt o poRE S5 BimeH o5 i i dindsPOting

concentrations versus neasured absorbances was plotted. This was
subsequelt | P @Sters QCEWE- of f t he graph unknown concentrations, or to use
the calibration equation to cal cul ate unknown val ues. 25 Production of

Hol | ow Fi ber MenBathagquembahd brghric Sbivent soRtioas ab{iakfaz™M form fils Tt afecthdlowi ng
dope solutions were used for the production of hollow fiber nenbranes: All

weights are gd &H%ses@ﬂ%h%%ﬂ@a%ﬁsﬁp@ﬂ?&; MiELelPin dol A3, pfasess
(17.29% 102. 49 (1799 102. 61 {179% Gantrez21. 44 3.1 9918.43 (3.1 99 18.35 13.1

% S63018. 62 2..79 16..05 (2. 7% 15.93 (2.65%15.66 {2 69 Li C.21.09 (3 % 18.02
0% 16 35 RunreR;eandRsd 38 i pRpdswithes 19 Be bbbty ¢
(77..3% 446.61 (74.2% Total 701. 0S602. 75601. 34601. 89 The generic brand of
PVDF that wdBcupeatingtherSogpdrez™ igothesmpipheane461, wher eas

15 Although Gantrez™ powder is hygroscopic and will slowly hydrolyze in a humid
environment, it can absorb up 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

Substitute Sheet
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Kynar 500 was used for dope 4, which has a higher nol ecul ar wei ght than
Kynar 461. mthe case of Dope 1 was all m xed together on heated rollers for
a day andwoad2fzs2deopes 2-4 were m xed such that the S630 FaecTRymmidsoto 3 a
wat er precipitation bath (quench) was used. Dope 4 used a sol vent quench
whi ch consi sted of 45% PEG 200, 45% water and 10% NVP. 1 o The foll ow ng
settings were used for production: Dope Punp SpeedLunmen Punp SpeedW nder
punp speedDoplidifitainnaesoposa @wm@mmrmmmm@omgmmw
Substitute Sheet (Rule 26) RO AU 21 For dopes 1 and 4, as soon as the

fibers came solfenf)bnd tie pplenah Ancconsdquendegdifiiaudiies, arish eshewptepatihy peteds i nt o
the six post-treatnent solutions outlined below and i nmersed until testing

‘t ook pl ace: a%%ﬁ’%ql)qi\ﬁﬁlv %ﬁél»b%%PB?EF%F%@?%&H&RM%&%..3%

Tri s- (hydr oxy am nonet hane 1% Sul furic Acid (H2SO4) 4.
100% Pol yet hyl en cal (PEG 5. 100% Cal ci um Car honat e . . 100%
Butanol 1o For - aopeRtSCmting i nalioner eStyds B BrasErs I3 Anin 10 STHEY st |

production was conplete and then they were divided into the six different
post - t r eat nesideschaind 06 a second pelymen aretintroguced oate an existing pabyaner Susehainyt e
Sheet Rule 26) RO AU 22 Dope formul ations that were unsuccessful Dope

3Dope 4Dope Siﬁ’ﬁ{%%r%ﬂi%%eﬁ&@llﬁ Ball2 o #overByet Y 4 06008 ffratAihalinet pelyhitr 14
(39 15. 24 (3% S63015. 94 (2. 699 15. 78 (2. 69 Sugar Li Cl 18. 65 (3.1 9% 19. 61

(75, 90 v er P OBVERAEEeGub il YA g fiCpalietion vilEh o1 g
weekend,  SubRieduSgs SPEST Sries? & DU PREF LR ink pEpduces o physieally disindl | ©7 S OV
overlayer with properties that resemble those of the pure graft homopolymer. The
10  methodology for grafting is based on radical polymerisations.
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 another. The “polymer blend” that is
synthesized in this way is not stable thermodynamically. Thermodynamic instability
means that a demixing process occurs in the melt. 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 polymers such as the polysulfones and PVDF. Normally, very few
polymers are miscible with other polymers - for example, the literature reveals that there
is known only one polymer, polyvinyl pyrrolidone (PVP) which is miscible (compatible)

with both PVDF and polysulfone.
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Quantitive Results on Flat Sheet Menbranes Using a HACH spectrophot oneter,
Dope 2 formul ati on was used and the follow ng results were obtai ned Before
sanpl es i wok/3sgse or angeAfter sanples in Methyl O angeBef ar@Er/sesquies in

Saf frani nAfter sanples in

Saf f r ani nTEP4. 53. 2943. 3543. 159TRI S4. 53. 1783. 2433. 131PEG- 2003. 4663. 1933. 2433
. 289CaC034. 53. 2753. 2162. 582But anol 3. 8763. 1783. 2033. 132H2S043. 1653. 2243. 3922
. 943 Usi ng Dope 3Ifthe pribmari,oinis knonen tootideanixhyes efStwiotpelymreres mbmbiane dornited or e
sanples in Methyl OrangeAfter nenbranes in dyeAfter nenbranes in dye with

buffer tabl ematerials which are not miscible. These ?riorartmixtures require stabilization by cross
pH7TEPO. 4230. 2190. 185TRI SO. 4290. 411 0. 36 7PEG- 2000. 4110. 3900. 350But anol 0. 4290

T AR T i

following results are fromDgope 1 fornulation. All results are expressed as
a per cent agereBidathey grennd tryp “pigndse g dpfineddhergin TEP32. 32 7. 6547. 20

4.78TRI S34.05 7.1250.13 9.51PEG60.51 8.6933.62 S.55H2S0422.57

2.5321. 63 1. 56CaGeRkfdn isan itpdftd€.cafisidératiiBintraenbiafie fRBmationh 7GBlatiGa cdrr ez
dopeGantrez DopeKynar 500 DopeTEP49.46 9.5423.64 5.1358.8 6.|3TRTS54. 46

10.3217.18 defAfdd < tHeformAiohDr & dee dinentionEletwdrk bythbmickd &r ghysical
9. 1H2S0448. 28 7.446.008 0.86847.18 13. 13Na2C0340.55 13.9318. 30

2.4167.74 9.2S | .80, ,6.608. 338,.,.3.41531.48 3. 77\ 44 . 85
S 60 sgn  oorgENRC Wherbladn S8R h il o mpgecons pdliet SR, |

results on hollow fiber menbranes, Flow tine @ 100kPaFl ow tinme @ 400kPa#
fi ber sLengt heonvegteshintq afystamofanfinde kiseasiny tat is, a gel. A gel can be considered as a

highly elastic, rubberlike solid. It is important to note that gelation is not a phase

10  separation and can occur in a homogeneous solution (that is a polymer 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 Gantrez™ 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 occur.

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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400kPaTRI S39. 315. 040. 60. 8Sl 43. 005374. 672PEG36. 510. 440. 60. 8S153. 975540. 393H2
S04128. 233. 640. 50. 8552. 606200. 717But anol 116. 434. 340. 40. 8572. 424245, 776CaC03
53. 414. 64W0HB0N8HBE! 14. 813419. 931 LMH - Liter/square neters pearAtuaonsse/ o
Gantrezw Gantrez# fiberslength (m QD gprr) LMH of no GantrezLMH of

Gant r ez TRI S127. 4379. 360. 45100033, 33011, 195PEG38S. 1965. 860, 5110091, 1873. 597H2
S0495. 33534. 160. 5100040. 1011, 081But anol 70. 760. 5100054. 05SNaC0384. 760. 551000
41. 018TEP123htmide 350. dvDdivm bovateptd 79.3)6 T'hs podhdars vadrhydudlsing theGaptreet

(Rul e 26) RO AU 26 THE CLAI MS DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1.

A porous polnpsges ile 5 it Aereh@iveRehfdrdesReddl BI6E 105t vihddiothiéTeddtion b pRoE
formng nmaterial and a polyneric reactivity nodifying agent adapted to

nodi fy the rface active rties, of 0, | C e

rel ative to%;ec?)%(ﬁ%ﬁe f)o&ywtﬁg{h%ggﬁ%%r a&r%l)ées ?lg?or}ggfnf wghﬁ%éﬂ%gh/tr}%e%%nbr ane
formng material alone. 2 A porous polymeric nenbrane according to claim1l
‘wher ei n t he %qut@%ﬁﬁ}ean@n‘?fémwgbﬁﬁs-nmeri al is PVDF. 10 3. A porous
pol ymeric menbrane according to claiml or claim2 wherein the polyneric
menbr ane sf or m ng TeéREdorhe this pryblempiaché surBidPmodifidation tdals, theoGymesztis
menbrane according to claim1 wherein the pol yneric nmenbrane form ng
material is . : AP ing to
claim4 vvherogﬁﬁéwp%@ﬁg?ﬁﬁcmﬂﬁge&%ﬁgﬁe%/%griﬁllﬁ%g na%@?feé Cn:fg’érglél ected
from pol ysul fong, polyether sulfones, polyaryl sulfones, po]yal kyl. sul fones
and pol yar alcﬁwll%gﬁ’é‘i‘@g“.‘ with the eactlys aming é’ﬁﬂl’ﬁ' céﬂ%q‘iﬂ?‘eaﬁpé’r‘g’@@{ﬁ‘iﬂn Hops, ¢l ai m
4 or 5 wherein the polysulfone is polyphenyl sulfone. 7. A porous polyneric
menbr ane acdhe réactiprt af aaniye grompe tant becfayouredovan hyddodysimevEn imareagicous he
reactivity nodi fying agent nodifies the reactivity of the nenbrane surface
to a chem cgheffAACi €S- 8. A porous polyneric nmenbrane according to any one
of the preceding clains wherein the reactivity nodi fying agent nodifies the

Chui o 269 o au VGRS Ry s MBI Bt e R RRb AR otk el 2y "one

of the preceding clains . . )
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 transitions 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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wherein the reactivity nodifying agent nodifies the surface charge of the
menbrane. 10. A porous polyneric nenbrane according to any one of the

pr ecedi ngvoloassrse wherein the reactivity nodi fyi ng agent i BCHAUDIGRAE0
polymeric anhydride. 11. A porous polynerjsc nenbrane according to any one
of the preceding clainms wherein the reactivity nodifying agent is a malefic
anhydri de copol yner. 12. A porous polyneric nenbrane _according to any, one
of the precedi ng dttepuated i &efleetance; alse knewn gs Infranal\Reflectioqupectrescgpy is

pol y(al kyl vinyl ether/maleic anhydride). 13. A porous polyneric nmenbrane
accor di ng t oingglyatdem thé chdrectprisatienofignrfacaiaysrst Thvitechmiquet rehes crathe intinate

nodi fying agent is: ~3 CHz CH i1 El o~c~/~0 On 14. A porous polyneric

‘menbrane acCQiuilichEnllOoP ¥aniIE with thdurRce 6£4hiRH r&f-RVE indeR! R-RadsPsrent
reactivity nodifying agent 'is poly(methyl vinyl ether/maleic anhydride) of

nmol ecul ar wei ght 104 t 0. Q.1 5. A.porou I LiCc_nenmhrane
*faccordi ng toP sr‘R/ ’gl?%baglfc ngpg‘?sé)ceémdﬁglsi?cme \ﬁ?@?telpﬁ'a%ﬁéxﬁté% ?I\er €

nodi fyi ng agent is poly(nethyl vinyl ether/maleic anhydride) of nolecul ar
wei ght 8.572 s g#eniaggle grentsr thgsthe tytical apgle.cmd 1pirtgraelty efiselad pithe PEEBOr di ng
to any one of the preceding clains wherein the reactivity nodifying agent

i s pol y( et hgurfavesniut attemeatddint ssorptiohy ftomdkg sanipl@ contadtdayerar wei ght 2. 13 Xx
105 to 1.89 x 106. 17. A porous polyneric nenbrane according to any one of

the precedi ng cl apfRafgCiht BN isSH ihfiinéh fofdhd SEntihatfst ofSuMadds! dtldGs PHES!
Rul e 26) RO AU 28 18. A porous polyneric nmenbrane according to claim17

wherei n said surf.ace.anhydrides are in reacted.for 19.., A porous pal ric
merbr ane. accBTPHG: SRBIRHR GG b fasr R S asbatig f pRBLS SFuchRetET oo
with an amne to forman amde |inkage. 5 20. A porous polyneric menbrane
accor di ng t omeinhbiapesi Thouesphition dimnitiokasimpleceleotionaicrpseonerliesie et t h a
polyam ne to forma cross |linked polyam de |ayer. 21. A porous polyneric

nenbr anejac c@hgl, RGthtrforelss lﬂ‘st?&témﬁic&isﬂoﬁeﬁioﬁexﬁﬁ@@@c&e@lﬁi(ﬁ@'cﬁ’@%@pﬁﬂ(%?.
tetraet hyl enepentam ne (TBP) or tris-(hydroxynethyl) am nomethane (TRI'S).

10 22. A porgu I ric rape rein | al her.el [
surface acti ‘8@%&%‘) G p{éﬁ.grg P gg’cethggg% fﬁﬁr %ﬁﬁ@p&gﬁgﬁb % §b¢§}e§%§k@§‘9 gYhe

| i nkage. 23. A_porous polyneric_ menbrane according to _claim?22 wherein said
surface act i VEfbghHMATTPHessCHan, apd ar edimgtion of the1esesity and pargHecslistBBiQIEan; ¢
menbrane according to claim 18 wherein said surface 15 anhydrides are

react ed w t halso podbtaihed.o form a cross |inked pol yester |ayer. 25. A porous
pol ymeric menbrane according to claim?24 wherein said polyol is

pol yet hyl ene gl yCQhny gSlymérsReE ot BRANGIGRS bEclBRABIARAR 86 & P6sdlitNchatg rapidlym 18
wherein said surface anhydrides are reacted with sul furic acid. 20 27. A

por ous pal Yt f IR ARGRBE Ao s Al beAiR L AnRE) Shrsd iR

anhydri dé€s are te i"unt car bona

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 sputtering and typical film thicknesses are 20nm.
Sputtering 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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28. A porous polyneric nenbrane according to any one of the preceding
clains wherein there is a negative charge on the surface of the nenbrane.
29. A porwaesnzpeisgneri ¢ nmenbrane according to any one of threTwasdisog
claims 25 wherein the menmbrane has high pgymeability. Substitute Sheet

(Rul e 26) RO AU 29 30. A porous polyneric nmenbrane according to any one
of the preceding clainms wherein the nenbrane has good macroscopic
integrity. 31. A Mscbanicabissisiaeg oftenisae forrsess dbcorgemepricheminpl isaistagee ehe
preceding clains wherein the nenbrane is a hollow fibre. 32. A porous

pol ynmeri c nemiateink. dteehaligedn tepsibapropertiendf cinaferinl, dretuzel indicatezs of thee
menbrane is a flat sheet. 33. A porous polyneric nenbrane according to any

.one of the ggfg;ﬁgheg oﬁhﬂ{aiglﬁamsﬁh%géﬁb?stmﬁﬁﬂfg tﬂé%sﬂfﬂxﬁéﬂé BtwRbh gots

. ()
t hi ckness. A porous polynmeric nbrane according to any one o%wt

preceding clains |0 wherein.the nbr.ane has, hjgh chani cal strength. 35.
A method of SrEIREr QM B GaPipts TREothis AbofREs Bt eshrid: .
reactivity nodifying agent is blended in the surface active porous

pol yneri ¢ nelepd-gakd aggngement pdpchinesimeasiss thoforen nacessamtte elongate 38d brealithenod
according to claim35 wherein the polyneric nmenbrane formng 15 material is
bl ended w t hsaipe.pol yneric reactivity nodi fying agent prior to or during
menbrane formation. 37. A nethod according to claim35 or 36 wherein the
reactivity nodifyi | 8 nRddlf i A i

mat eri al before t}ﬁggtr)r%%?g%éeﬁl S cagct1 515&31%&3 Gﬁélprr@t/% él%cﬁg%? ng t%ag%ﬁ%tﬁg of
clainms 35 to_37 %er%’ﬁ%&ge react. vilt 20 nodi fying agent is added in an
unreact ed f ofPRge oRgaIn SHSEEEHPEM A 0 any one of claims 35 to 37
wherein the reactivity nodifying agent is added in a reacted form 40. A
met hod accor Bénsie swesaifylpehe WA clains 35 to 39 wherein the reactivity

nodi fyi ng agent incorporated into the polyneric porous nenbrane is

subj ecterh to 25 cWaireRE fordi(Newidhs)aequitddse Grakithd st piese] ant Aticodsisadtiont he
menbrane. Substitute Sheet (,Rule 26) RO AU 30 41. A method according to

any one of clai i 22,hﬁ{ j £ rd f;rgfdllh [ R BF the 1B lysis
to render th%ar@éng};nlggg’r%&e&h@f%rl p Ieﬁr%b}élﬁge%&?@tfeﬁ%o accg?g?{g toﬂhg y%\eggof
clainms 35 to.41 erein the chem cal nodifjcation is.cross |linking. 43. A
rethod accor BrgHEE oo R PioRetosn ds R A aRGe o Bihfitfordtis.
modi fication is treatment with one or nore of tetraethyl enepentam ne (TEP),
tri s (hydroxynet hBrepk griensiomistibhelongatiogmeasyremgnt izom dhaitepsiegpaphine is given

pol yet hyl ene gl ycol (PEG, calciumcarbonate (CaC03). 44. A nethod

accor di ng t obyathy egteAsioh icgmigetength dividéd byier clgindl lgeugHengtt aBrebk Extension
nodification is treatnent with crosslinking amnes to form am de |inkages.

45. A mefodis oy dprRRFekddtage RERBUThiR ST shoWRAPR #ABLHGECOr ding to claim 44
Tensile strain = change in length/original length = (I; — lp)lp
Where /; = length between gauge marks (mm) and / = original gauge length (mm)
Break Extension = (I; - lp)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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wherein the degree of incorporation and extent of crosslinking is selected
to construct a nenbrane suitable for reverse osnosis. 46. A method

accor di ngwoon2gazseone of clainms 35 to 45 wherein the pol ynrdTeAWB/oneact i vity
modi fying agent is incorporated into the;polyneric nmenbrane form ng
material before or during nenbrane formation in an amount such that the
conbi ned precurs%r to.the .surface active porous poI%/ ric menhrane is a
singl e phase ni xth§FBcability ina g aglor W anvArInEths performange of ethiciercszel o 46
wherein the porous polynmeric menbrane is formed into a hollow fibre

menbr ane. 2Gholew fiberatembrarecioowdten fjlttation agplivationsfis theaflows o8 fux thraughther ei n
the porous polyneric nenbrane is forned into a flat sheet nenbrane. 49. A

‘et hod accongimigah® THE YR pefmédtioh Phe RRlefifed s thE YbRInt: ﬂ&\ﬁin_@‘ﬂg\@/% el yneric

menbrane is formed froma dope sol ution including by weight 17% LiC

3.5% . polyvinvl pyrrolidone/ v cet COPO or 2. 79 ol y( et hyl
vinyl et her%%?n%rfgéllﬁ%' tr?%é(;%"/f‘“getw%fh%%qﬁ%tgo&l ‘ﬁ&%‘%ﬁ?ﬁg erf;(%)f ﬁdone 73. 7%
Substitute Sheet (Rule 262‘| RO AU 31 50. A nethod according to any one
of claind 35 to 48 vRéefh the porous pol yneric nenbrane is forned from a
dope solution including: PVDF 16.8% poly(methyl vinyl ether/maleic

anhydride) 3.4% Whék BisQle péritbalid Waioyt, AY Is'thé idaibveanttlita b AtAhdT&intshng
according to any one of clainms 35 to 50 wherein the conponents are sel ected

such that t ' . ] L% S
cccurs | 1 A fore Sk baEARE NS ABGIAL! dorBhpl Gnl Cor ARE M IRARBARE® |
wherein the conmponents and_ reaction conditions are selected such that no
gel ati on oc@dfitionof (aptrea ibreemths smembsgne psoformanggt hod according to any one
of claims 35 to 52 wherein the dope solutionis |0 allowed to m x at about
50C overnight. 54. A nethod according to any one of clains 35 to 53 wherein
the dope solution is fornmed by the DI PS procedure into a precipitation bath

consi stipg HWRIEEFDESERADYONBP THEYDRAWMNGS 10% 55. A nethod according to

any one of clainms 35 to 53 wherein the dope solution is 15 fornmed by the

DI PS procedyre intp a precipitati bat nsi sti.ng.qQf water. 56..A method
of | moui 11 ndf e T e P e irafise e SumyfhdRinliaie o Genuil s a et oF

bl endi ng a polyneric reactivity nodifying agent with a polymeric nmenbrane
form ng nat dempdratared ii) forming a nodified menbrane. 20 57. A net hod
according to claim56 including the step of hydrolysing at |east a surface
portion of the polyneric reactivity nodifying agent. 58. A nethod accordi ng
to claim56 or 57 including the step of hydrolysing at |east a surface

portion of %Tpﬁdﬂ%;tﬁ{éﬁﬁim&bmmb?ﬁéﬁ in the presence of a

sodi um buffer.
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 S630 2.73g (2.7%)
Gantrez 3.09g (3.1%)
NMP 74.3g (73.7%)
100.76g

PVP/VA S630 is polyvinylpyrrolidone/vinyl acetate copolymer

25  NMP is N-methyl pyrrolidone
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59. A nethod according to claim57 or 58 wherein the surface portion of the
polyneric reactivity nodifying agent is only partially hydrolysed. 60. A
nmet hod ofwaaesszisng to any one of claim56 to 59 incl udi ngcrwiosoeso of

first at least partially hydrolysing at lgast a surface portion of the
polymeric reactivity nodifying 5 agent then subsequently reacting resultant
hydrol ysed groups with a polyfunctional amne. 61. A method according claim
60 wherein the pdlmgrdiangriueresddetogetherandithe donssolution wasellpwsd, ta B on

hydr ol ysed groups. 62. A porous polyneric nenbrane when forned by a net hod
of any one dfeated aolless GO°QPovemiflg. Giite rédm@addimn thelrglies, the mirtoreawas laficor di ng
to any one of claims 1 to 34 or when formed by the nmethod of any one of

clai ms 35 ! Qo6 (@ @ refBY% fudyesh b@fe%%@msmuaﬂyfoabﬁaf%afl aims 57 to 61 wherein
said polynmeric nbrane 1's a reverse OSITDSIS menbr ane. 64 A blend of a

menbr ane form ng . pol nd a_conpat,i bI d.15 ond

‘pol ynmer bei ng caé@ﬁ dép%f‘ﬂ Bhi asyas nﬁ%ﬂﬂal %ﬁen(gfh[ﬂ)‘g}% ?@X@ ?8?@?

65. A blend according to claim®64 previous vvherel n said conpatible second

pol ymer Bs oemgdtglass sodwnds membrangevas sasg by immgtsins e slpss plats @fae 64 wherein

sai d conpati bl e second polyner is conpatible with polysul fone. 20 67. A

bl end accor girévgpitation bathrsofidstipesfei n sai d conpati bl e second pol yner is

conmpatible with PVDF and pol ysul fone. 68. A blend according to claim 67

wherei n sai d nenbysapppdaip Nng pol yner is of [ow reactivity. 69. A blend

according to claim®68 wherein said nmenbrane formng polynmer is inert. 25
.AFy. A9" . AL. A’ n95§9 ALL A9" . A9L. A9. AY . A&L9. A& . A9L. A& . A9 . A9, . AF. L. A
L. A9L. ALnL. Asn9. AP O A "AuL. A99. AGL. A. 9. A& ?. AL. A R A&L

/v RT:.v! Ezupkf a\ V\é/ %a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca]

ca] ca] ca] ca] ca] cdPa ca] c<a] c<a] cal] ca] ca] ca! > B> W

"WZTX} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]c

a] ca] calioa] ca] ca|Thejmantrajcwicinjrmearsebinthé pesipithtion bath for 10 minutes (until the

nUY} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]c

?]b??] Sa] ;EL%EJ Hgﬁé{h) %{ %ﬁ?b@%ﬁgﬂ?fél%c%&? at?] cal ca] ca] ca] ca] ca] ca] ca] ca]

cacacacacac al ca calca | Xx$$%
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/1 0Y001Ulh1 lowmamsgatine Ipsting|wasjcariedquwéa] cal caj ca] ca] ca] ca
U]l caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 56d6q6
667E7778D8H4l. 8K8 388 ESPDethyleficpentamine (TEP)
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.H HH
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yl- 10%& ()-yY ! 109 ()-Gy10%& ()- X\ <dE:/ 10yyy5Z109%&' ()- @®310%& () -

5; ézig%&' () - VsaRdpl & Birharada iNiHOSR sdhtibns Thent 38 tBoved Phé Rk o 910%& () -

quantitative analysis were carried out as above and results are detailed in the next

5  section.

Analysis of the Flat Sheet Membranes

Both qualitative and quantitative analysis was carried out on the different
membranes. The qualitative analysis that was carried out involved dipping 1cm® samples
of membrane into different coloured dyes, namely Saffranin, Methyl Orange and

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 results 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 error
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 colours 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
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10, >4109%&' ()-f9 10%& ()-y7 109%& ()-|YdEbC 10" ! 10%& () -
109& () -yS109%& ()-109%&' ()-M 109%&' ()- F"L10%& ()- KAJEbC 10, | 109%& ()-! 10%& () -
109 () - yMWiDossseje @109 () - 109&' ()- nUIEbC PCT/AU01/01450

10s* 100&' () - 3(10%& () - &10%& () - y#10%&' () -5o! 10%& ()- Y 10%& () - UY9dEbC
10710% () - fy5s109%& ()-L3S10%& ()- 1, #100%8 -V 1109%& ()- ,L10%& ()-9 bC
10 "> 109%&' ()- 109%&’ ()- 10 10 10L> 10%& ()- < #109& ()- 9M L0Y& g
10y& 109%&' () - S10B4® ‘)e Jloyingyiage selnfignsywgre eyc%z%%p@)cnyn b hgllqy fibery,
I bl | dEBC

10y: | 109%&' () myifbih08s Al) weishB%Es in) gryhf o () -y 1109 ()-yfs10%& ()-!"g"" #F##d
EbC 10, ,' 10%& ()-f*10%& ()-yY( 109%& ()-L, & 10%& ()-y#10%& () -

y! 11098 () - FFESTSSH TTO%& ([IDdobd/& ()= T

10=F10%& () {9l 1100 §’P"yT 109%&’ () %&%) $x$$% ol é&?L%lO(V& () D°pe4

100/&' ()_f‘l ! L O0AON/L 00 o abhC

10@L0%&: () - ! i‘%%& ﬁ}9 %Zﬁ% ()- 103/&)%‘}§ (oo (| ? 7% (dEbC
10*
109%& () - Y( | @dfires) - SZh44B%86)( ) - \|ABOAA3(1P6)@ 10 () - 10%&! () -1(8(1}5)03)1-%)0* dEbC
10y7109%&' (){y5' ! 109 ()-y 3 109 ()-L31 "109%&] ()-y/ 10%& ()
109 ()-0** ()- 1%%2(7)»/ 10 Y5 93 6265‘% 0 1566(%

652109 %)
10>3109%& () ") - ®LO%E F+at++?, , dEbC 10y100 0%& ()- |y
109&' () - yLZ] . : 2 dEh e

10@ | 10% ( 9 (A oe: ()T 59%) yp18:32305%) | 18.66 (3.1%)
109&' ()-SLs]0%R' () - 1 Y1 1 OvOdEHC m\/*mm%g_(_ y(nfQ%R' ()-| | SRT#I10UR' () {y&$
109%&' () -y! gT NMR! ()| 520004742%)Y0Q 464D 124 BT 146486 (Dh&] ) -| 446.61 (74.2%)

cl dEbC

\_/f\ 1

Total 701.05 602.75 601.34 601.89

The generic brand of PVDF that was used for Dopes 1-3 was Kynar 461, 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 rollers 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
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@L10%& ()-f3m0%& ()-91! 10%& ()-yS/ 10%& ()- y& - 109%&' ()-2e22222222bC
10F" " 109&' ()-L109%& ()- 10 10 10>3109%& ()--9<:!1109%& ()-yl:g
109 () - 298B@BBAHAELC 10f 1098 () -f 109& ()- @ 109%&' ()- ff 1OSA/Aporfiodiso
109%& ()-f109%& () - 44+55556dEbC 10f | 10%&' () »{@QLO%& () - LMLOY& ()-f 10%& ()-ff
109&' ()-fS 109%&' ()-6d6q6667E7dELC
10, 109&' ()-f*109%&' ()- @( 109%&' () - &LOY& () -f#10%& ()-f!
109%&' () - E7778D8ESFerdnnst yred 4iss90n gs thsfbersrpme)ontaidhe guench andonigthg () - 9
1IMLOY&' () - S. 10%& () - HBK8888E99} ~?YNC 10@ 109%6&' () -
1096& () - @ 1046k, (theySkdre U&d4d) intd ke SixIfft-trédtiient ODItbaIBBikingd bAOW. and( ; ; dEYNC
10S 10%6&' ()-& :109B& ()-@ 10%& ()-109%& ()- @0%& ()- @& 109B& ()-;
b F<A<<<dEYNgmh@#8d until testiné ook place;
10968 () - (109%& () - &y&10%&E () - @& 109%6& ()-"1096& ()- @0%BE& () - <5===8>>>d
EYNC 10@5831Q9%& L), -{&610%%R& () - @8. 10988 ()-1"109%6& ()- @/ 9! 10%6& ()- @-S
1096& ()@5 S>> >>4?§‘)'.4‘[ ; aze%ﬁé%ei’?’m%me Gl 0-@ 0-a
10! S: 10%&' () - L10%& (%!f‘%'? 1109 & ()-1 1 10%& S)- 105 105 105<
10968 () -3t ?222@ ABA Yrishydrenypessigyl) ymingmethape LIRS
: 9109&' ()-!3,"10%x& ()-fz109%& ()-!qS: 10%WE&' ()-A BEB; C_CD*D+D*?4: 10
10=310% () - 3@ 9#190/&uif)rid ALHAYEL,SD4)! 3Y0 ' 109& () -f - 10%& () - Y+109%&' () - +D, D-
D1DDDDDgH: 10
10 s10%&' () - 4@5, 1@&@%‘%2,5{},5,%%%%@%1 L!10% "& ()-!'LL!I10%"& ()- 10
10DE. EBEDEEEWX9H: 10 10S10% & ()-f S 10% & ()-!1"1 10%"& ()-' !kl
109EE& ()-' !zl 10%h& )" ! ye s1098" S & () -' EBFFFFFQGIEH: 10 10S,"10% & ()-S
10% & ()-f° 10% &@g‘?ﬂmﬁ%qn?%@?@ )-f10% & () - QGGG+H. H HHIEH: 10
10Sf . 10% & ()-,+ 10% & ()-L,10% & ()-S)10% & ()-fL' :10% & ()-f %
109% & ()-3H fki | | boRfaButaned 10S@9 10% & ()-S6f 10% & () -
&3710% & ()-S410% & ()-, 2T10% & ()- SLO10% & () -

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.
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m)JJJJIIIIIrsS4 103" 10% & ()-10% & ()- 10% & ()- 10{{ 10{{ 10{{! Sf;
&10% {& ()-& cSf;:&10%"& ()-&IEKKK! LULLdEr S4 103" 10f 10% & () -
109 & () WO 0DSRE () -ff-10% & ()-f& 109 & ()- f ! 10% & () - eadrNYNOMKIEr S4
103" 10f mLO% & ()-, GLO%W & ()-9 10% & () - fﬁ%O%'&'()-flO%'&'()-fSlO%'&'()-
NN, O00) P{ PdEr S4 103" " 10f, 10% & ()-f*10% & ()- fF( 10% & ()- 9& "10% & ()-
L #10% & ()-f! 10% & ()- {PPPJOQORIEr S4
103" 10f: 109 & ()-f7: 1109 & ()-f5& 10% & ()- f 3z 10% & ()-& 1z
1096 & () -f/10% & () - RRRER>R?PR@RCRDRROC 103" 1f: 109%& () -
Y109 () - 10%8s @rmiulORsR (et wif'unkGéceddil =310% & () - RRISSSTOTAELC
103" 1yt 109&' ()- 9 10%&()- f10%&' () -

109& () -

el T T
s % () -

103" 1! 410%&
- DXXX] Y4YzYYdBbC

n—a

109& () - yVVIFARNA
109& () -y(! &5
103" I D9<! 10%& () - '@ 910%&
10%&' () - S310%&' () - 9ROBY)( ) -
10% & () - 3" ) - 10% &' ()) -
10! @<! 109 Gantre f4r$\dEuv7 T0S $sHAB & (){S 10% & ()-10% & ()- S
le%‘&'()-fLO%& ()F S9s! 10%&' () - $\t\i\\]s]]dEu\f’ 10S S'9110% & ()-S
10% & ()- @L0% & () () - S3MLOY

@ )LO% & f 5"8 SI\/IlO/b&'()-]"u""_i __dEuv7 10S
SS/ 10% & (]--10% & £)° @y14% & 0 - @ 14580 Oy&#10% & ()-SL3
10% & ()-_° a-Yaa-ald "X ] ~8s <1 Q0" yJQ,L -gl:
109% & () - S@! §18718) - B@|10% & () - &110% & () - aaaaaaaZbgH? 10
10X" X' 1 ~y& | 109%' () @109 ()-!  109%& (|)- 109%& ()-|10%& ()- 10X"X"
(2.6%) (2.6%)
Sugar
LiCl 18.65 19.61 15.62
(3.1%) (3.2%) (3.1%)
NMP 42829 449.02 371.2
(71%) (74.1%) (73.9%)
Water
Total 603.16 605.9 502.62

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

5  weekend.
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10X" X" ZbbcdcccXddEH7 10 10X"X'!yM 109%&' () - @ALO%R' () - y109%&' () -y-

109& () - ySGLOY () - Xdd ef eee&f dEH7 10

10X X' | G @iDesRistde- y! :

109& ()-ys! 109& ()-yf"

109% () -y

109 () - L" 10%PATYAU01/01450

ymiov& ()- & ff.g}gghdEH7 10 10X'X'!9F1 1094 ()-y/ 10%& ()-y, 10%& ()-

y*109&' () -yl (M 109& () -

10F=3109%& (
@s10% () -
109 ()-1

109%& () - 10%8{1&1)1%

10X X'1 &l
10%& ()-3'y
109 (-,

10=Z10%& ()

)oYy o
D
0%&()

0%&'

SO Ml

@ 10%& () - hbhhi ,
10%& () Y7100 ()

_ y5 10% ()-
Jemb

M Nl G PidYNC 10 10X"X"!

ym

f310%& () -

10 10

okt rangs | 109 () - y&10% () - SL0% () -
0%& () Ui j kk*kkkdEYNC 10 10X" X"1

Sm&péc)tropﬁ&%&e(e} -D3g¥Rfonulatiol @A uged-dodthé FoPomaig'NC 10
)-y# 100& ()- S S10%& ()-y ! 10%& ()-y
nn/ odEYNC 10 10X"X"!
() - yF(Z10% () - / 000ApepppppdYNC 10 10X" X'

931109%& () -y.
10 10
YNC 10

10X X" & 10%& ' ' éﬁ%sﬁﬁﬁg"( Belgogsampl Nes8sEsns
SAEYNC 10 10X X" of &J0%& () - @$109%& ()- @O0%&: ()} @ 10%& ()-P9L0% ()-Sf @
109&' () - : ssissssssv™{MMdibyl orange Methyl Orange | in Saffranin in Saffranin
10X X' F(: $U0%R () - m|9SF(: $109& () { nFE(: $109%& ()} mOSF(: $109&] () - nE(: L& () -
mettttt % 2tk 10 |45 3.294 3.354 3.159
10X X" F(: $20%&' () - M|F(: $10%& () - mPSF(: $10%&' ()} nF(: $10%&' () - mO$F(: $10%& () -
M2t 3t tHU UM S 3.178 3243 3.131

PEG-200 | 3.466 3.193 3.243 3.289

CaCOs 45 3275 3.216 2.582

Butanol [ 3.876 3.178 3.203 3.132

H,SO;4 3.165 3.224 3.392 2.943

Using Dope 3 formulation, the following results were obtained:

Before samples in After membranes | After membranes in dye
Methyl 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,SO,4 0.440 0.139 0.402
CaCO; 0.427 0.369 0.362
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10X" X" 9$' F(: $109%&' () - nF(: $109%&' () - mO$F(: $10%& () - nF(: $10%& () -md$\t]tetftgt
ttttt SFO WO 0304086 10° Ff= 10% & () - PCT/AU01/01450

F#F: - 109 & () - F(: $10%& () - mOS$&F(: $10% (é‘trr) F(: $10%& ()-mtttttuuvoN-9
f&10% & ()- f&LOY& ()-( FS9!10% & () - L10% & ()- F10% & ()-(

FL10% & ()-10' vvv8wwsx|[:-9 f r & 10%& ()- &109%B& ()- r &'10% & ()-

r& 10% & () - Flo%r@l@xtemssgm%lt&op)mummeWﬂww' 10' 10" V

15°'10% & ()- |5 10%& ()- 1"10%' (& ()-& FS.10% & ()- r

&' 109 & () - yyYyy SThe|fbllowidd Besklt&drd Foin Riops 1 fiGiailfdn. All fepults & exir08ded aka () -
F10% " & ()- F10% " & ()- FL10% " & ()-:zzzz{a{{|[:NA410 Fy:10%" & ()-

Ff Ys! 10% " 10% " & ()- Fyl0%" & ()- Fy 10%"
&'()S-{|c|||§f{°])"ita %f%‘i%%gy%ﬁ%‘ F@#slot(yz &y() Ele%% e (). Ffl

10% " & () —F——t+16%-" e S NA4LO—F@-316% & () -
'F9 1°10% " &() Ff.f 10% i’y
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 23.64+5.13 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+09.1
H,S04 48.28 + 7.44 6.008 + 0.868 47.18+13.13
Na;CO; 40.55+13.93 18.30+2.41 67.74£9.25
Butanol 60.86 £ 6.60 8.338+3.415 31.48+3.77
Water 44.85 +8.79 7.385+2.973
5
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10% " & ()-
F>410% " & ()--

Ff510% " Wo(g2+3p258ANA410 "
Ff &@LO% & () -
NL! 109 & () -

& / <JyYINA410NL! 10% & () -
NL! 10% & ()- JKYZ_kx~">NA410NL! 10% & () -
) ?Ft | N1! 109% & () -

PL: ! 109! E& () -
NL! 109 & ()- &) ?Ft!N1! 109 &

Ffs* 10%" & ()-
FO&<@L0% " & ()-
NL! 1096 & () -

NL! 109 & () -

F@(10% " & ()-A7XYZ[|[NA410 "
Ff7110% " & ()-
N1! 10%C&7A)0H/01450

Ff9S10% " & () -
NL! 109 & () -
HL: 1 10% & (%S-yY9|\1A410N1! 10% & () -
) NL! 10% & () -
NL! 10% & () -
NL! 10% & () -
NL! 1096 & ()- xyYONA4L1ONL! 109% & () -
N1!'109% & () - () ?FdrMbhbiftE8sultsonMblldW %ibét membranes

&) ?Ft ! N1! 109% & () -
NL! 1096 & () -

NL! 109 & () -

Flow Flow # Length | OD LMH@ |LMH@

time time

@ @ fibers | (m) (mm) | 100kPa | 400kPa

100kPa | 400kPa
TRIS 39.3 15.0 4 0.6 0.85 | 143.005 |[374.672
PEG 36.5 10.4 4 0.6 0.85 |153.975 |[540.393
H,SO, 128.2 | 33.6 4 0.5 0.85 |52.606 |200.717
Butanol | 1164 |[343 4 0.4 0.85 |72.424 |245.776
CaCO; |[534 14.6 4 0.55 0.85 |114.813 |[419.931
LMH - Liter/square meters per hour

w/o A # length | OD LMH LMH

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 |[95.3 35341 |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 123.9 6 0.55 1000 | 28.041
Water 275.7 6 0.5 1000 | 13.862
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yYONA41ONL! 10% & ()- NL!10% & ()- N1!10% & ()- () ?Ft!NL! 10% & () -

N1!109% & ()- $yYONA410NL1! 10% & ()- N1!110% & ()- N1!10% & () -

() ?Ft | NL! WOOm&8256- N1! 10% & ()- $+234zYSNA4L Lf! 10%t& () - PCT/AU01/01450

L, 10%& ()-N1110% & ()- () ?Ft! NI 109% & ()yg N11 10% & ()- /M [?NA4L L,
109%#&' ()-k LL*T10%:& ()- Lf(10%& ()- L, y&g10%:& ()- LfL$10%:& ()-

Lf" 1 10%t& () - &7|JQU{ NAAL L, 109& ()-k, 109%& ()- k#3D ., 10%t& () -k,
1094&' () -k, 10%t& ( neim ?2NAAL L, 10%t& () -k, 10%t& ()-Kk,

10%t& () - k#BBIECL Q NG 155 R\ ENEIQN PWEOLLO /#& ()-k,

10%t& ()-k, 109%& ()-k, 10%& ()-k#3D' , 1098& ()-k <NA4l #3D"

1098 ()-k, 10%t& ()-k, 109%& ()-k, 10%& ()-k#3D' c|[:1 ' @O% ()-&
‘PO 1 1096K#& () - U9: | 109#& () -) 10#10#10# LS< 10%t& ()-, 10%& ()-k: K/ [:][:1

LYL09#&' () -1 s#10 ORH&N () - &
@0%& () (3&013347’9( ‘ff*’f?’%?&%}“@q?‘f“éf@ﬁ%%/% @%e@é Ef% B 9 bk
1910%@ @& 10X#10X# 0%<#& - - aho
11110%@ @( % prrg *’Pﬁ‘ aps ﬁ%@@d@tﬁ‘iﬁ%%f@e( )-_
w91
;/#3\(511100/@ @arfage aclm@%@l@ie(sﬁfﬂ@m@@imermmm@@rqm@m@%@C@f () - hHvWwa1
#3YB1110%@ @' ()-1110%@ @& () - 1110%@ @ ()- 1110%@ @&’ ()- 1110%@ @ () - 1110%@
"@ ()- @U3blymeric membrane formed from the polymeric membrane forming material alone.
#1110%@ @ () - 1110%@ @& () - 1110%@ @& ()-1110%@ @' () - 1110%@ @ () - #3YBhLvLO
#111110%@ @ () - 11 POV BRPFSers PR S e e 0 B T VBT RSB % () - 1\ <
o1
#1110%0 G rembrpgefrmEng matefishioBVEY- () - 11100@ @ () - 1110%@ @ () - #3YB! " &- 4
2vl91
#1\{10%@ @ (3 - 1118 %@a@s polymericyamhaine dccogtingto xdau@ i@y qlim2 whorgingke () - 4;
DIRSY[ ?2vU91
#1ﬁi8‘l’jté@:)L@c' (polyigeftlhtU@n@Eorming hhidH&D iRy dropAdBiO HEID@. () - 1110%@ @& () - YZ[\]
cj
#111110%@ o % w
et #@f4 (- }k@t@@%%fr@{@%&:% SR o AN Bt el tmd pIOEE () -1 p
1170%0 @ #3YBll 10%@ @ 110% - VU4 109%&! && ()- L109%&! && () - 10
10 " 10 3<()ﬂ3 JFaps 1 OW%%*‘Q"E 1s apply f%%“g ()- KL @Ws | 0 108! && ()-ﬁ/l)
10%! &&! () -M yf g10%1 & (). ymLON&! &&! () - F" L10%I && () - t3110%84 && ()- _?vU4
| 109& &&' (9-- M A pomgs pelymerivimentygrg ageordingvo claimodewlarein) thepolymeric
109&! &&' ()-M  109%&! &&' ()-M (, 06<yYOvU4 | ~ 109& &&' ()-M  109%& &% ()-M
10%&! &&' 15) - themBRANKE fekiiifig mietial ik seléEi8ddr&af fHolysSMiiBapBIetiRY sl fdnes, polyaryl
109%&! &8 ()-M  109%&! &&' ()-M  109&! &&' ()-M ~ 10%&! &8 ()- M&) ? |

10%&! &&' 0Bl 280 (Y. oR! &8 ()-M 1091 &&' ()-M
109! &&: 8 l\%fg%ﬁ%lgg/wgf&hf{’ J %V%&Msﬂlg%é&&' ()9\/1 109! &&: ()9\/1

10%&1 && () - I\é A porous polymeric membrane according to claim 4 or 5 wherein the polysulfone
is polyphenyl sulfone.
7. A porous polymeric membrane according to any one of the preceding claims

20  wherein the reactivity modifying agent modifies the reactivity of the membrane surface

to a chemical species.
8. A porous polymeric membrane according to any one of the preceding claims
wherein the reactivity modifying agent modifies the hydrophilicity / hydrophobicity
balance of the membrane.
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12. A porous polymeric membrane according to any one of the preceding claims
wherein the reactivity modifying agent is a poly(alkyl vinyl ether/maleic anhydride).
13. A porous polymeric membrane according to any one of the preceding claims

10  wherein the reactivity modifying agent is:

— ~—n
14. A porous polymeric membrane according to any one of the preceding claims
wherein the reactivity modifying agent is poly(methyl vinyl ether/maleic anhydride) of
molecular weight 5 x 10*to 5 x 107,

15 15. A porous polymeric membrane according to any one of the preceding claims
wherein the reactivity modifying agent is poly(methyl vinyl ether/maleic anhydride) of
molecular weight 8.72 x 10°to 1.25 x 108,

16. A porous polymeric membrane according to any one of the preceding claims
wherein the reactivity modifying agent is poly(methyl vinyl ether/maleic anhydride) of

20  molecular weight 2.13 x 10° to 1.89 x 10°.

17. A porous polymeric membrane according to any one of the preceding claims

including surface anhydride sites.
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5 20. A porous polymeric membrane according to claim 19 wherein said surface

anhydrides are reacted with a polyamine to form a cross linked polyamide layer.
21. A porous polymeric membrane according to claim 20 wherein said amines are
selected from tetracthylenepentamine (TEP) or tris-(hydroxymethyl) aminomethane
(TRIS).

10 22. A porous polymeric membrane according to claim 18 wherein said surface active
anhydrides are reacted with an alcohol to form an ester linkage.
23. A porous polymeric membrane according to claim 22 wherein said surface active
anhydrides is reacted with butanol.
24. A porous polymeric membrane according to claim 18 wherein said surface

15  anhydrides are reacted with a polyol to form a cross linked polyester layer.
25. A porous polymeric membrane according to claim 24 wherein said polyol is
polyethylene glycol.
26. A porous polymeric membrane according to claim 18 wherein said surface
anhydrides are reacted with sulfuric acid.

20 27. A porous polymeric membrane according to claim 18 wherein said surface
anhydrides are reacted with calcium carbonate.
28. A porous polymeric membrane according to any one of the preceding claims
wherein there is a negative charge on the surface of the membrane.
29. A porous polymeric membrane according to any one of the preceding claims

25  wherein the membrane has high permeability.
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30. A porous polymeric membrane according to any one of the preceding claims
wherein the membrane has good macroscopic integrity.
31. A porous polymeric membrane according to any one of the preceding claims
wherein the membrane is a hollow fibre.
5 32. A porous polymeric membrane according to any one of claims 1 to 30 wherein

the membrane is a flat sheet.
33. A porous polymeric membrane according to any one of the preceding claims
wherein the membrane has uniform wall thickness.
34. A porous polymeric membrane according to any one of the preceding claims

10  wherein the membrane has high mechanical strength.
35. A method of preparing a porous polymeric membrane wherein the polymeric
reactivity modifying agent is blended in the surface active porous polymeric membrane
by incorporation into the bulk material.
36. A method according to claim 35 wherein the polymeric membrane forming

15 material is blended with the polymeric reactivity modifying agent prior to or during
membrane formation.
37. A method according to claim 35 or 36 wherein the reactivity modifying agent is
added to the polymeric membrane forming material before the membrane is cast.
38. A method according to any one of claims 35 to 37 wherein the reactivity

20 modifying agent is added in an unreacted form.
39. A method according to any one of claims 35 to 37 wherein the reactivity
modifying agent is added in a reacted form.
40. A method according to any one of claims 35 to 39 wherein the reactivity
modifying agent incorporated into the polymeric porous membrane is subjected to

25  chemical modification subsequent to incorporation into the membrane.
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41. A method according to any one of claims 35 to 40 wherein the chemical
modification is hydrolysis to render the membrane hydrophilic.

42. A method according to any one of claims 35 to 41 wherein the chemical
modification is cross linking.

5 43. A method according to any one of claims 35 to 42 wherein the chemical
modification is treatment with one or more of tetraethylenepentamine (TEP), tris-
(hydroxymethyl) aminomethane (TRIS), sulfuric acid (H,SO,), 1:;01yethylene glycol
(PEQ), calcium carbonate (CaCOs3).

44, A method according to any one of claims 35 to 43 wherein the chemical

10  modification is treatment with crosslinking amines to form amide linkages.
45. A method of preparing a porous polymeric membrane according to claim 44
wherein the degree of incorporation and extent of crosslinking is selected to construct a
membrane suitable for reverse osmosis.
46. A method according to any one of claims 35 to 45 wherein the polymeric

15  reactivity modifying agent is incorporated into the polymeric membrane forming
material before or during membrane formation in an amount such that the combined
precursor to the surface active porous polymeric membrane is a single phase mixture.
47. A method according to any one of claims 35 to 46 wherein the porous polymeric
membrane is formed into a hollow fibre membrane.

20 48. A method according to any one of claims 35 to 47 wherein the porous polymeric
membrane is formed into a flat sheet membrane.
49, A method according to any one of claims 35 to 48 wherein the porous polymeric
membrane is formed from a dope solution including by weight: PVDF 17%,; LiCl 3.5%;.
polyvinylpyrrolidone/vinyl acetate copolymer 2.7%; poly(methyl vinyl ether/maleic

25  anhydride) 3.1%; and N-methyl pyrrolidone 73.7%.
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i) blending a polymeric reactivity modifying agent with a polymeric membrane forming
material and
ii) forming a modified membrane.
20 57. A method according to claim 56 including the step of hydrolysing at least a
surface portion of the polymeric reactivity modifying agent.
58. A method according to claim 56 or 57 including the step of hydrolysing at least a
surface portion of the polymeric reactivity modifying agent in the presence of a sodium
buffer.
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formed by the method of any one of claims 35 to 56 or modified according to any one of

claims 57 to 61 wherein said polymeric membrane is a reverse osmosis membrane.
64. A blend of a membrane forming polymer and a compatible second polymer, said
15  second polymer being capable of chemical modification after membrane formation.
65. A blend according to claim 64 previous wherein said compatible second polymer
is compatible with PVDF.
66. A blend according to claim 64 wherein said compatible second polymer is
compatible with polysulfone.
20 67.  Ablend according to claim 64 wherein said compatible second polymer is
compatible with PVDF and polysulfone.
68.  Ablend according to claim 67 wherein said membrane forming polymer is of low
reactivity.
69. A blend according to claim 68 wherein said membrane forming polymer is inert.

25
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