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Menbranes 15 TECHNI CAL FI ELD The invention relates to Hal ar (ethyl ene

chl or ot ri Wousvegt7myl ene copol yner, or poly (ethyl ene PCT/AU03/00179
chlorotrifluoroethylene)) and rel ated nbranes for use in ultrafiltration
and mcrofiltration and in particular to nenbranes in the formof holl ow
fibres, and to nethods of preparing said nmenbranes 20 BACKGROUND ART The
foll owi ng discussion is not to be construed as an admi ssion with regard to
t he conmon general know edge in Australia. Synthetic polyneric nenbranes
are well known in the field of ultrafiltration and mcrofiltration for a
variety of applications including desalination, gas separation, 25
filtration and dialysis. The properties of the nmenbranes vary dependi ng on
t he WO 03/ 068374 PCT/ AU03/ 00179 -2 norphol ogy of the nenbrane i.e.
properties such as symetry, pore shape, pore size and the chem cal nature
of thegpolyneric material used to formthe nenbrane. Different nenbranes
can be used for specific separation processes, including mcrofiltration,
ultrafiltration and reverse osnosis. Mcrofiltration and ultrafiltration
are 5 pressure driven processes and are distinguished by the size of the
particle or nolecule that the nenbrane is capable of retaining or passing.
Mcrofiltration can renove very fine colloidal particles in the mcroneter
and subm croneter range. As a general rule, mcrofiltration can filter
particles down to 0.05m whereas ultrafiltration can retain
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TITLE OF THE INVENTION: Halar Membranes

15  TECHNICAL FIELD
The invention relates to Halar (ethylene chlorotrifluoroethylene copolymer, or
poly (ethylene chlorotrifluoroethylene)) and related membranes for use in ultrafiltration
and microfiltration and in particular to membranes in the form of hollow fibres, and to
methods of preparing said membranes
20 BACKGROUND ART
The following discussion is not to be construed as an admission with regard to
the common general knowledge in Australia.
Synthetic polymeric membranes are well known in the field of ultrafiltration and
microfiltration for a variety of applications including desalination, gas separation,

25  filtration and dialysis. The properties of the membranes vary depending on the



particles as small as 0.01m and smaller. Reverse Gsnpsis operates on an
even smaller 10 scale. M croporous phase inversion nenbranes are

parti cul awby3med34 suited to the application of renoval ofPCriAwwsesl7and
bacteria. A large surface area is needed- when a large filtrate flowis
required. A comonly used technique to mnimze the size of the apparatus
used is to forma 15 nenbrane in the shape of a hollow porous fibre. A

| ar ge nunber of these hollow fibres (up to several thousand) are bundl ed
t oget her ametphelagedf thea mepehuiuesi,e. Propeftiessech ascyminretryp porsishape, perefsidct er a
solution for purification, generally water, which flows in contact with

t he out er apdrtHeastengdal ahture dfahé pélyeric matdiial wmdub ornBheapgahriang pressur e,
the water is forced into the central channel, or |unen, of each of the

fibres while t % n@RnihrdeeRl B BAE thefblifc bmpaRA putaldeintheidd bres.

The filtered water collects inside he fibres and is drawn of f through the
ends. The f. br u i | i i | i
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WD 03/ 068374 PCT/ AU03/ 00179 -3 In,.additiqn to the.arrangenment of fibres in
a nodufe, PrEssye dgiveR Pipgessesaid Are elrsﬁflﬁasheegay hesive of fgwantis nelbeds (o

possess the appropriate mcrostructure to allow mcrofiltration to occur.
Desi r abl y thatjtee mpmbrase i cepable obtetaipng st phasing iMisrelHiraion easf iemora v eon
menbranes is 5 asymmetric, that is, the pore size gradient across the
menbr ane ifserolloidainpgiiviexdushe nitromeiat et subaricremeian rargea tAsengeneral hde,
cross-sectional distance within the nenbrane. Hollow fibre nenbranes are

pref er abl yhigsfili®@ion Gn FEPpANEISs AOFS &SG 0MEn! WEGEAYuIRMIERAEEN csRtdin por es on
one or both outer surfaces and | arger nore open pores towards the inside
edge of t *b%ﬂé?é?% 3RE1 &b o1 um and smaller. Reverse Osmosis operates on an even smaller
10 scale.
Microporous phase inversion membranes are particularly well suited to the
application of removal of viruses and bacteria.
A large surface area is needed when a large filtrate flow is required. A
commonly used technique to minimize the size of the apparatus used is to form a
15  membrane in the shape of a hollow porous fibre. A large number of these hollow fibres
(up to several thousand) are bundled together and housed in modules. The fibres act in
parallel to filter a solution for purification, generally water, which flows in contact with
the outer surface of all the fibres in the module. By applying pressure, the water is
forced into the central channel, or lumen, of each of the fibres while the
20  microcontaminants remain trapped outside the fibres. The filtered water collects inside
the fibres and is drawn off through the ends.

The fibre module configuration is a highly desirable one as it enables the

modules to achieve a very high surface area per unit volume.



10 This mcrostructure has been found to be advantageous as it provides a
good bal ance between nechanical strength and filtration efficiency. As
wel | as twe ogioes3est ructure, the chem cal properties of thecretssangsare
also inportant. The hydrophilic or hydrophobic nature of a nenbrane is one
such inportant property. 15 Hydrophobic surfaces are defined as "water
hati ng" and hydrophilic surfaces as "water |oving". Many of the polyners
used to cast porous nenbranes are hydrophobic polynmers. Water can be
forced t hr oughImadditionertbb arangementeffitygs ingemeduls, it fs aljomecesspiydesthee, but
the pressure needed is very high (150-300 psi), and a nenbrane nmay be

damaged apoRutdic fibesssiiebsel esrdo possessahe ¥pprogiate olicrosemrewetlied evenly. 20
Hydr ophobi ¢ m croporous nenbranes are typically characterised by their

excel | ent ;chegiieRioni§st§kance, bioconpatibility, |ow swelling and good
separation performance. Thus, when used in water filtration applications,

hydr ophobi ¢ rane e h L . " l.ow wat er
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mol ecul es can play the role of plasticizers. Currently,

pol y(t et r stharoiages inektien tq ELR)ss-seasiopal distrrasavifiprihe pembrsnepioliae  ( PP)
and pol y(vinylidene fluoride) (PVDF) are the nost popul ar and available 5
hydr ophobifibremembenes iratpeste@bby. asivbletricdhelabtanesponsedsarg tightlgdanclald] e
characteristics for nenbrane applications, including thermal resistance,

reasonabl gmGH §8ics 8h oh6 ot BoBYRr shrifRef afPREEr Hors Bp&PSIr¥LtoRARIN thetrSide
i ncl udi ng sodi um hypochlorite), and weather (UV) resistance. \Wile PVDF

has to da%@geoéﬂﬂg&e&%r&%&ﬁf nost desirable material froma range

10 This microstructure has been found to be advantageous as it provides a good
balance between mechanical strength and filtration efficiency.

As well as the microstructure, the chemical properties of the membrane are also
important. The hydrophilic or hydrophobic nature of a membrane is one such important
property.

15 Hydrophobic surfaces are defined as “water hating” and hydrophilic surfaces as
“water loving”. Many of the polymers used to cast porous membranes are hydrophobic
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.

20 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 microfiltration and ultrafiltration membranes



10 of materials suitable for m croporous nenbranes, the search continues
for menbrane nmaterials which will provide better chem cal stability and
per f or marwe 03/0643@4 r et ai ni ng the desired physical propertiPes/At@gnired to
all ow the nmenbranes to be forned and wbfrked in an appropriate manner. In
particular, a nenbrane is required which has a superior resistance
(conmpared 15 to PVDF) to nore (aggressive chem cal species, in particular
oxi dising agents and to conditions of high pHi.e. resistance to caustic
sol ut i ons.thatnequretmenhbaricalsitichgthand therpl dabalitycmcgavdteranesculedaomiaie
resistance is highly desirable. Chlorine is used to kill bacteria and is
i nvari abl yheradsefgladticidetsin wat er supplies. Even at | ow concentrations, a
hi gh t hroughput of chlorinated water can expose nenbranes to | arge anounts

of 20 chl ori ne @uRhtyNRIYEHERBrdettyfent] (F FE?,@Hl?éﬁRyl@ﬁ@ngr@%%l§ﬁoyﬁéﬁ&W ng or

brittl eness which are signs of degradati on of e nme M CT opor ous

synthet] ¢ ERTHAN B AIBR AIGHAEVOREIE B Sl epififpldRlygn 11 bres and

are produ prase”’i nversion. S  process, astoneé polyner is

di ssolved.in an appropri ate sal ve d. g .suitahle viscosjty of the

sol uti 3n ydprpeaie BefRateRaisy BV Guthis g aer ol dea@ple.amtoterivisor

hol low fibre, and then inmersed in WO 03/068374 PCT/ AU03/00179 -5

preci pi t atiPomenbrane gpplivatiensydncdidingthiennal sepidance eisascaeblgishemicaheesisonegyeneous
pol ymer solution into a solid polymer and liquid solvent phase. The

pr eci pi t at(edh pogy ofrorfosiverhamicalyy mokidatgrsodiunt kypoohloaits)] agl weatkkdr\OMy  of

uni form pores. Production paraneters that affect the nenbrane structure
and propergdiggndencl ude the pol ymer concentration, the 5 precipitation nmedia
and tenperature and the anount of solvent and non-solvent in the polyner

2 ar oo range. ofPRor ST BEH e KRANEAT bORERRGH G b EisRnRE - TRRRA 0" 1T

variety of . chem cal,, thermal and nmechanica roperties.
¥ of materials suitable for microporous membranes, {hepsear%ﬁ continues for membrane

materials which will provide better chemical stability and performance while retaining
the desired physical properties required to allow the membranes to be formed and
worked in an appropriate manner.
In particular, a membrane is required which has a superior resistance (compared
15 to PVDF) to more @ggressive chemical species, in particular, oxidising agents and to
conditions of high pH i.e. resistance to caustic solutions. In particular with water
filtration membranes, chlorine resistance is highly desirable. Chlorine is used to kill
bacteria and is invariably present in town water supplies. Even at low concentrations, a
high throughput of chlorinated water can expose membranes to large amounts of
20  chlorine over the working life of a membrane can lead to yellowing or brittleness which
are signs of degradation of the membrane.
Microporous synthetic membranes are particularly suitable for use in hollow
fibres and are produced by phase inversion. In this process, at least one polymer is
dissolved in an appropriate solvent and a suitable viscosity of the solution is achieved.

25  The polymer solution can be cast as a film or hollow fibre, and then immersed in



Hol low fibre ultrafiltration and mcrofiltrati on nenbranes are generally

10 produced by either diffusion induced phase separation (the DI PS process)
or by thwomalob8s74 nduced phase separation (the TIPS proce®€r/AlDaver’sm ni ng
the appropriate conditions for carrying-out the TIPS process is not sinply
a matter of substituting one polymer for another. In this regard, casting a
polynmeric hollow fibre nmenbrane via the TIPS process is very different to
casting or 15 extruding a bulk itemfromthe sane material. The TIPS

pr ocedur e pregithifatibh patheneh 48 water. Tasodausrs [sypeeationsefithe horgogemeedsytolgeérect i on of
a co-solvent, a non-solvent, a lunmen formng solvent or non-solvent, a

coat i ng s@bMebh i a6k &&fﬁeﬂindaﬁtﬁn@scqmphasea"ﬁhaﬂeb btel bslynmp@dsmra ate
production paranmeters, 1n order to produce porous artpl cles with the desired

chemi cal | fdﬁQQ&E&m‘@f‘bh&ﬁE %&hé{%ﬂ{ &flﬁﬁlfé)gﬁ‘l éﬂﬁ’e @éwﬁu@{ ﬁﬁégiete?é‘ re!ded high

fibre 20 structur process 1s I'n no eta| In PCT
AU94/ 00198 94/17204) AU 653528, the t of which, are |ncorporat ed
her ei n by Ffé(}/\g)eﬂlggl ranf.ﬁéu%fﬂ{e&? é’fol??ﬁb?éa‘ﬁ}“i %8#’0 }’8}%081&0 Etrﬁ%l%q" for ous
systemis thernmal precipitation of a two conmponent mxture, in which the
sol ution PECHhery msgiagnd denpqrayre and the ﬁrﬁevwrpﬁﬁ%tsm@nsélpwewenwna %ol vent
which will dissolve the polyner at an el evated WO 03/ 068374 PCT/ AU03/ 00179
-6 t enper avlymer bolution.| Thesofactios san by varisdde prasiupemadrapasus Bembranesvithent i s
often called a latent solvent for the polyner. The solution is cool ed and,
at a spechflarge tigpof pbrdlsizes (it Mess @RAMMIS oADMY hiel pRbess afvadewldofng, phase
separation occurs and the polyner rich phase separates fromthe solvent. 5

Al pract bﬁéﬁncglhﬁ{eﬁﬁlﬂ ﬁﬁ%cﬁéﬁl@é{p Qﬁ,ep%hods follow this general process
which is Treviewed by Snol ders et in Kolloid Z u.Z Polymer, 43, 14-20
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deconposition ©

10  produced by either diffusion induced phase separation (the DIPS process) or by
thermally induced phase separation (the TIPS process).
Determining the appropriate conditions for carrying out the TIPS process is not
simply a matter of substituting one polymer for another. In this regard, casting a
polymeric hollow fibre membrane via the TIPS process is very different to casting or
15 extruding a bulk item from the same material. The TIPS procedure is highly sensitive,
each polymer requiring careful selection of a co-solvent, a non-solvent, a lumen forming
solvent or non-solvent, a coating solvent or non-solvent and a quench, as well as the
appropriate production parameters, in order to produce porous articles with the desired
chemically induced microstructure in addition to the overall extruded high fibre
20  structure.
The TIPS process is described in more detail in PCT AU94/00198 (WO
94/17204) AU 653528, the contents of which are incorporated herein by reference.
The quickest procedure for forming a microporous system is thermal
precipitation of a two component mixture, in which the solution is formed by dissolving

25  athermoplastic polymer in a solvent which will dissolve the polymer at an elevated



The equilibriumcondition for liquid-liquid phase separation is defined by
the binodal curve for the polyner/solvent system For binoda

deconposi wom/068370ccur, the 10 solution of a polynmer in CITNN8/00179 S
cooled at an extrenely slow rate untilé6a tenperature is reached bel ow which
phase separation occurs and the polyner rich phase separates fromthe
solvent. It is nore usual for the phases not to be pure solvent and pure
pol ymer since there is still some solubility of the polymer in the solvent
and sol vetdmperatutedupwiily metrdo sold lewartenpeaturgsoSyaber salvenhisgiiensabeda a pol yner
poor phase. For the purposes of this discussion, the polynmer rich phase

wi 'l be rgfiatkeieitfotthe poBmite! Vieolvadecavlel ik at PexifRrteppanatuphase wil |
be referred to as the solvent phase. Wien the rate of cooling is

conpar ati Vﬁ‘ﬁc)h] ‘%@E‘?‘iﬂ“?ﬁ’gﬁ tERRES AL g%laéé‘%'bﬁi}at‘icﬁﬁoccﬁﬂ%ﬁ tﬁ@}iﬁ’&i/ﬁéﬁ @¢h Occurs

is generally an in the binod case and the resulting 20 phase
separation.is calrellted s}i%iftﬂod | deconposition. According to the process
di scl osedp??‘?el?f@. %?)%8 eV No. 4,247,498, the relative pol ynmer and

sol vent concentrations are such that phase separation results in fine
dropl efs of sofldgHecticat WFWHPHCC&H@HWH‘WM%H&W%& 85355pd @rocgsaklich e
droplets formthe <cells of the nenbrane. As cooli ng(conti nues, the pol yner

freezes arayvigwkdithyeSmoldersret abis Khllopd 2usZ Polgnes/436 8424 (BUT) AUB3IG0E79 -7 As
the tenperature is |owered, these solubilities decrease and nore and nore

sol vent ddfhgtishespp@aen spinbdut apdbinodal deedmpositidaysres gaymedohition. sol vent
fromthe polyner results in shrinkage and cracking, thus formng

i nterconnect i ofge AhuiRGHER coﬁ’cﬁﬁ&‘@?di‘lﬁﬁﬁi—l‘kﬁii& 5has€'déﬁdi'ﬁ{onq§@bﬁr{& ahs the
polymer. Finally, the solvent is renoved from 5 the structure.” Known
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10 solution of a polymer in a solvent is cooled at an extremely slow rate until a temperature
is reached below which phase separation occurs and the polymer rich phase separates
from the solvent.

It is more usual for the phases not to be pure solvent and pure polymer since
there is still some solubility of the polymer in the solvent and solvent in the polymer,

15  there is a polymer rich phase and a polymer poor phase. For the purposes of this
discussion, the polymer rich phase will be referred to as the polymer phase and the
polymer poor phase will be referred to as the solvent phase.

When the rate of cooling is comparatively fast, the temperature at which the
phase separation occurs is generally lower than in the binodal case and the resulting

20  phase separation is called spinodal decomposition.

According to the process disclosed in U.S. Specification No. 4,247,498, the
relative polymer and solvent concentrations are such that phase separation results in fine
droplets of solvent forming in a continuous polymer phase. These fine droplets form the
cells of the membrane. As cooling continues, the polymer freezes around the solvent

25  droplets.



t he polyner rich phase separating fromthe solvent followed by cooling so
that the solidified polynmer can then be separated fromthe sol vent.

Whet her twe osobssent is liquid or solid when it is renove®@Ciraamsoog pol yner
depends on the tenperature at which th&-10 operation is conducted and the
melting tenperature of the solvent. True solutions require that there be a
sol vent and a solute. The solvent constitutes a continuous phase and the
solute is uniformy distributed in the solvent with no solute-solute
interaction. SAsithetempenatire trlowsred) thoset solipiditipanlegiiease andangyslapdaore

solutions. Long polymer chains tend to formtenporary interactions or bonds

Wi th ot hegoldént dedpYereappehainiibe polymenthianix. Sheytediootthe sdlventdfidrache Pol ymer
solutions are thus rarely true solutions but |lie sonewhere between true

sol uti OnSPéIQHlefr}e%ﬁWlﬁ%hnﬁl&g%HH c&@ﬁ%@ thhs fo?mﬁ{gﬁﬁteﬁjécfnhb&wn% ok Bogkat e which
is the solvent and which is the soltte. In the art, it is accepted

prect o8 SR el 5 AP AT AT OHUARS 3, Pl ol b

20 optically clear, the skilled artisan will under stand t hat pol ymer

sol ut i bnstiEH e some well known |ight scattering due to the existence
of large polyner chains. Phase separation is then taken to be that point,
known as the cKoown gsirmel pragipitalioniaethodssofperous prerabiang faraetien depead on
separation. It is also accepted practice to refer to the polyner as the

sol ut e anthetpoynmatrieh iphhsewiepdrativy frbmithe scdvent fedtbwed Hyoroolihg eo thanthgeneous
solution as the 25 solvent. WD 03/068374 PCT/ AU0O3/00179 -8 In the present

case the {gneeMidolyiaan SIHHY sepatafell FbnRthedWIviet. Wikl ¢hd Blwdnt isTefHd anes
wi t hout the use of” highly toxic solvents, and in particular, to prepare

ol I ow {080l a1 é}?&@eﬁ%om?@fd’lyqi dBEds drthOUnfiFature g whichthe

chlorotrifluoroe I's a ating copolyner
chior Ot " I) lel%gtgo%% ande Cted and ghehr%\ellltlgg tetnrlllg'\erefttgllrel en&)lve?rlt structure:

True solutions require that there be a solvent and a solute. The solvent
constitutes a continuous phase and the solute is uniformly distributed in the solvent with
no solute-solute interaction. Such a situation is almost unknown with the polymer
solutions. Long polymer chains tend to form temporary interactions or bonds with other

15  polymer chains with which they come into contact. Polymer solutions are thus rarely
true solutions but lie somewhere between true solutions and mixtures.

In many cases it is also difficult to state which is the solvent and which is the
solute. In the art, it is accepted practice to call a mixture of polymer and solvent a
solution if it is optically clear without obvious inclusions of either phase in the other. By

20  optically clear, the skilled artisan will understand that polymer solutions can have some
well known light scattering due to the existence of large polymer chains. Phase
separation is then taken to be that point, known as the cloud point, where there is an
optically detectable separation. It is also accepted practice to refer to the polymer as the
solute and the material with which it is mixed to form the homogeneous solution as the

25  solvent.



-(-CH2-CH2-CFA -CF2-)n Wil e the enbodi nents of the invention are

descri bed herein with respect to Halar, this termis used herein to
enconpasswHaBass3equi val ents, such as - (-(CH2- CH2-) m CX2- CRET)AU0I00MMer ei n
each X is independently selected fromB-or O, and where mis chosen so as
to be between 0 and 1, so as to allow the ethyl ene portion of the polyner
to range from0O to 50% An exanple of a Halar equivalent is PCTFE. It has
been known for sonme tinme to produce flat sheet Hal ar nenbranes, and the
processes are i $epeesent dase U8 imveORBSBaversorgh ta fiple wapte ppenata Baler net hods
were not 15 anenable to producing hollow fibres and noreover, utilised

sol vent s wieinblrares evithoghthy usd eftiighlyitdxic bolgénts aud inpadailal, to pepat hoHowh as
1,3,5-trichl orobenzene, dibutyl phthalate and dioctyl phthalate. The
properti eghRfHila} REmBRH#Es. | I]EIallat‘, gp%)bflyq&tﬁ%rfeﬁ@Elﬂotdﬂﬁfl{ﬂ&oét}_lgilege)?fs al:l

ultrafiltration and mcrofiltration. In particular, r'has extrenely

good prop i i i i j . rd dto
daust | o ooipie ep ol B Bnb b Aolof R ARG RenE s bR RN BEE, |
Wil e these desiderata have been established for sone tine, it was
hitherto fin how to fulfil the long felt need to make hollow fibre
menbranes from such a desirabl e conpound. Further, a disadvantage in
relation to the existing preparidlatteiEtHods- for Hal ar flat sheet
menbranes is that they require the use of 25 highly toxic solvents or

sol vent s t hat ®isleothe duthodirsersabEtihe atvention wer deskulaslt herbimr wiflD 6068374
PCT/ AU03/ 00179 -9 instance, the conventional state of the art is that the

sol vent s peRdeHsdrth RrBEBhdr6in t6 Bhovdipass HulbPe@fvalbksltsubh Rt hal ate (DBP),
di octyl phthalate (DOP) and 1,3,5- trichl orobenzene (TCB). Such difficult

solvents are required due to "3??2’%’%\?\,&%%?&5@}“1 ity of Halar and its

resi stance to nost common sol

10  wherein each X is independently selected from F or Cl, and where m is chosen so as to
be between 0 and 1, so as to allow the ethylene portion of the polymer to range from 0
to 50%. An example of a Halar equivalent is PCTFE.

It has been known for some time to produce flat sheet Halar membranes, and the
processes are disclosed in US 4702836, for example. The previoﬁs methods were not

15 amenable to producing hollow fibres and moreover, utilised solvents which are highly
toxic with high environmental impact, such as 1,3,5-trichlorobenzene, dibutyl phthalate
and dioctyl phthalate.

The properties of Halar make it highly desirable in the field of ultrafiltration and
microfiltration. In particular, Halar has extremely good properties in relation to its

20 resistance both to chlorine and to caustic solutions, but also to ozone and other strong
oxidising agents. While these desiderata have been established for some time, it was
hitherto unknown how to fuifil the long felt need to make hollow fibre membranes from
such a desirable compound. Further, a disadvantage in relation to the existing
prepararatory methods for Halar flat sheet membranes is that they require the use of

25  highly toxic solvents or solvents that are of dubious safety at the very least. For



51t is an object of the present invention to overcone or aneliorate at

| east one of the disadvantages of the prior art, or to provide a useful

al ternatiwe,o3pes3vdé cul arly in terns of nmethods of product PemATSEBREARY OF
THE | NVENTI ON According to a first aspé&ct, the invention provides a porous
polynmeric 10 ultrafiltration or mcrofiltrati on nenbrane including Hal ar
and formed w thout the use of toxic solvents, or solvents of dubious or
unproven safety. The nmenbranes nmay be preferably flat sheet, or, nore

pr ef er abl jnstaske, dhe ¢anyertional Retsfaditladdryis thdi shexwlanss nestighaseiaconaticr af i | trati on
or mcrofiltration nenbrane is fornmed by the TIPS (thermally induced phase
separ at i 0glv@rioaebis ditthtylghitatatd EDBB) divetyl phthawe(DXOR)eardi 53,6+ but i on.  Most
preferably, the Halar ultrafiltration or mcrofiltration menbrane has an

asymet ri ¢;4@etens6ied c’mao). TukRUHETRPERVERS fe 3R] dBER theRRERiIRRACE.
Preferably, the porous pdlyneric Halar menbrane has pore size is in the

range 0.01mito Por.e si.ze can be. determ b he al I ed bubbl e
poi nt et ﬁtggll.ht[y %@Q%]%%}Jd?%ﬁs?tgn%ea@ él&%?ﬁ §© ‘%31151885‘ ?ﬁg’%tﬁi’e\t"m%i@.cgn provi des a
porous polyneric ultrafiltration or mcrofiltration nenbrane fornmed from
Hal ar &nd pr epHrigan phiseh of thespresant d1erln i9iavergusy agieligiteatderspeumels
according to formula | or formula Il: WO 03/068374 PCT/ AUO3/ 00179 -10
COORS OOCHRiE disdvDRRR of theRticD@ERAr to lpr@OBRSuGOTRBterdatiive, pateruddrly iRigrmR2 and
R3 are independently nethyl, ethyl, propyl, butyl, pentyl, hexyl or other
al kyl . of methods of production.
SUMMARY OF THE INVENTION
According to a first aspect, the invention provides a porous polymeric
10  ultrafiltration or microfiltration membrane including Halar and formed without the use
of toxic solvents, or solvents of dubious or unproven safety.
The membranes may be preferably flat sheet, or, more preferably hollow fibres.
Preferably, the porous polymeric ultrafiltration or microfiltration membrane is
formed by the TIPS (thermally induced phase separation) process and has an
15  asymmetric pore size distribution. Most preferably, the Halar ultrafiltration or
microfiltration membrane has an asymmetric cross section, a large-pore face and a
small-pore face.
Preferably, the porous polymeric Halar membrane has pore size is in the range
0.01pm to 20pm. Pore size can be determined by the so called bubble point method.
20 According to a second aspect, the invention provides a porous polymeric

ultrafiltration or microfiltration membrane formed from Halar and prepared from a

solution containing one or more compounds according to formula I or formula II:



R4 is H OH COR5, OCOR5, nethyl, ethyl, propyl, butyl, pentyl, hexyl or
other 5 alkyl, nethoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy or other
al koxy, RyoOmewbtssl’4 et hyl, propyl, butyl, pentyl, hexyl or perhdaniadkyl .
Preferably, Rl= R2 = R3 = ethyl and RAHH Preferably, the pore controlling
agent is citric acid ethyl ester (CitroflexTM2) or glycerol triacetate.
10 The above conpounds may be used as pol yner sol vents, coating agents or
both, and maybe used alone, in mxtures of the above conpounds, or in
conjunction with otheCCR opriate agenrtGOCRye porous polyneric
ultrafiltration or mcrofiltrati on nmenpranes of the present invention may
i nclude one or nore materials conpatible with the Halar. 15 The porous
pol yneri c menbr CQOR: t rar i oR4or nﬂ@b@*ﬁltration of the present
i nvention may be eitlher hydrophobic or|hydrophilic, and may include ot her
polynmeric materi al cgggsﬁible wth Igg ditional species adapted to
nodi fy the chem cal rdur of the ne ? may al so be added. In one
hi ghly preferred aIterEative, the porous folyneric menbrane of the present
i nvention further including nodifying aged 20 to nodify the hydrophilicity
/' hydrophobicity bal ance of the nenbrane. This can result in a porous
pol yrrer i cwhetehr Bn&ounil 8 aresinfgpendestily methiyl etyt prapal.ibuesilypentyl pesxglier
pol ymeri c menbrane which is hydrophobic. WO 03/068374 PCT/ AU03/00179 -11
Accor di ngother aalkkl.rd aspect, the invention provides a porous polyneric
ultrafiltration or mcrofiltration menbrane fornmed from Hal ar and
i ncorporating g, id H?@H?QbRS?GGOTRF, metg?n SthRL, PSPy, Bt ARG INEAy] of SiBler

erably,

| eachabl e agent is silica. 5 Pre the sillica 1's present in an anount

of fr om 1Qlk§/1? mSe%% &LO)E}D ﬁrgpiogﬁl butoxy, pentoxy, hexoxy or other alkoxy,

Rs methyl, ethyl, propyl, butyl, pentyl, hexyl or other alkyl.

Preferably, Ry =R, = Rj = ethyl and R4=H.
Preferably, the pore controlling agent is citric acid ethyl ester (Citroflex™-2) or
glycerol triacetate.

10 The above compounds may be used as polymer solvents, coating agents or both,
and may be used alone, in mixtures of the above compounds, or in conjunction with
other appropriate agents.

The porous polymeric ultrafiltration or microfiltration membranes of the present
invention may include one or more materials compatible with the Halar.

15 The porous polymeric membranes ultrafiltration or microfiltration of the present
invention may be either hydrophobic or hydrophilic, and may include other polymeric
materials compatible with Halar. Additional species adapted to modify the chemical
behaviour of the membrane may also be added. In one highly preferred alternative, the
porous polymeric membrane of the present invention further including modifying agent

20  to modify the hydrophilicity / hydrophobicity balance of the membrane. This can result
in a porous polymeric membrane which is hydrophilic or alternatively, a porous

polymeric membrane which is hydrophobic.



pol ymer, and nore preferably around 30% The silica may be hydrophobic
silica or hydrophilic silica. Hghly preferred are funmed silica's such as
t he hydr opbioBioessaer osil 200 and the hydrophobic Aerosil RETAUBBE6EP ably,
the porous polyneric ultrafiltration ellrmicrofiltration nmenbranes of 10

t he present invention have one or nore of the follow ng properties: high
pernmeability (for exanple, greater than 1000LVH hr @00KPa), good
macroscopic integrity, uniformwall thickness and high mechanical strength
(for exanple, tAseolsinglerathird aspext, dresinventios pyeadesey parbagpolyBplic According to
a fourth aspect, the present invention provides a nethod of making 15 a
por ous pohjtrafiltrationedranicedfilemigu mahmgné feemsd s Hblat apd headporging am xt ur e
conprising Halar and a solvent systeminitially conprising a first

conponent 140R4b1¢ Sgemt.! at ent sol vent for Halar and optionally a second
conponent that is a non-solvent for Halar wherein, at elevated

t enperat ure, %%e%?&%&é%oﬁﬂn%%h@@a?lﬁa@ ea}ﬁ%ﬁffs%ﬁlctap provide an optically

cl ear sol ution, y cooling S I'on so that non-equilibrium

liquid-liquid phase separatiaon takes place ta.forma contjnuou ol ymer
rich phase and?)é&sﬁr&hfyr H{?&@gﬂaﬁﬁpg‘?ﬁﬁt 1 ﬂm‘ﬂ’r‘ié?gémm mtotfpéw%\ﬁﬁgﬁgggs bei ng
intermngled in the formof bicontinuous matrix of large interfacial area,
(c) cont i BelyMSL.cBEImerg pisfeiabln dieunddl e Fhe siliep Ax be hydiophoti¢ sidica ahd 25 (d)
removi ng the polyner |ean phase fromthe solid polyneric material. WO

03/ 068374 hipfrophilio 3ilival Faghly peféestioarel funged siliea’§ suchlas dspiecirophilieAbrowdnt i on
provides a porous polyneric wultrafiltration or mcrofiltrati on nenbrane

formed frooo b fe haaebpaebic ARbsliREA2l | ca and wherein said pol ymeric porous
Hal ar menbrane has a coating of a coating agent including of one or nore

compounds  accopfifgniOHePoldlsPolynRichltrafiltration or microfiltration membranes of

10 the present invention have one or more of the following properties: high permeability
(for example, greater than 1000LMH/hr@100KPa), good macroscopic integrity,
uniform wall thickness and high mechanical strength (for example, the breakforce
extension is greater than 1.3N).

According to a fourth aspect, the present invention provides a method of making

15  aporous polymeric material comprising the steps of:

(a) heating a mixture comprising Halar and a solvent system initially comprising a first
component that is a latent solvent for Halar and optionally a second component that is a
non-solvent for Halar wherein, at elevated temperature, Halar dissolves in the solvent
system to provide an optically clear solution,

20 (b) rapidly cooling the solution so that non-equilibrium liquid-liquid phase separation
takes place to form a continuous polymer rich phase and a continuous polymer lean
phase with the two phases being intermingled in the form of bicontinuous matrix of
large interfacial area,

(c) continuing cooling until the polymer rich phase solidifies; and

25 (d) removing the polymer lean phase from the solid polymeric material.



5 COORS OCCRI R4 COOR2 or R4 OOCR2 COORS OCCR3 | Il wherein Rl, R2 and
R3 are independently nethyl, ethyl, propyl, butyl, pentyl, hexyl or other
al kyl . RAWD3M06830H, COR5, OCOR5, nethyl, ethyl, propyl, bweCyiAvpeotry| ,
hexyl or other 10 al kyl, nethoxy, ethldy, propoxy, butoxy, pentoxy, hexoxy
or other al koxy, R5 nmethyl, ethyl, propyl, butyl, pentyl, hexyl or other
alkyl. Preferably, Rl= R2 = R3 = ethyl and R4=H. Preferably, the pore
controlling agent is an environmentally friendly solvent. Preferably, the
pore control | i Agecadiagtio pdifthi aspeat, the inyeriignprowideses perops POISLTI 2) or 15
gl ycerol triacetate. According to a sixth aspect, the invention provides a
met hod of uhmfilifasioh ot migrofiltratioa hodmbrineafoired from H 4lamdnid dontiniog sitrearirdane
including the step of casting a nmenbrane froma pol yner conposition

i ncl udi ngw'ﬂélleﬁ{saﬁﬁ?&&ﬂbﬂ&p&ﬁu@HﬁﬁYﬁféﬁbr@fﬁﬂﬁ§bcoitﬁ% dfventih@pgdt ovi des a
nmet hod of formng ‘a " 20 hollow fibre Halar menbrane conprising: formng a

Lo’ provi attcating ity BREP Bt et he e bR 85150 715 Cont act 1 ng an

internal |unen surface of said blend with a lumen formng fluid; inducing
thermaﬁly i nduced phase separation in said blend to forma hollow fibre

menbr ane; and
COOR¢ OOCR¢
«ECOORZ or —IEOOCRz
COOR3 OOCR3

wherein Ry, R; and R; are independently methyl, ethyl, propyl, butyl, pentyl, hexyl or

other alkyl
R4 is H, OH, CORs, OCORs, methyl, ethyl, propyl, butyl, pentyl, hexyl or other
10 alkyl, methoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy or other alkoxy,

Rs methyl, ethyl, propyl, butyl, pentyl, hexyl or other alkyl.

Preferably, R; = R, =Rj = ethyl and Ry=H.

Preferably, the pore controlling agent is an environmentally friendly solvent.

Preferably, the pore controlling agent is citric acid ethyl ester (Citroflex™-2) or

15  glycerol triacetate.

According to a sixth aspect, the invention provides a method of manufacturing a
microfiltration or ultrafiltration membrane including the step of casting a membrane
from a polymer composition including Halar

According to a seventh aspect, the invention provides a method of forming a

20  hollow fibre Halar membrane comprising:
forming a blend of Halar with a compatible solvent;

forming said blend into a shape to provide a hollow fibre;



renovi ng the solvent fromthe nenbrane. 5 Preferably, the Halar is present
in the blend in an anmount ranging from 14-25% and nost preferably around
16- 23% Pwefoawedsiy, the pore controlling agent is an enviPCammaoel7hy
friendly solvent, such as GTA or Citroliex 2. Preferably, the |unen
formng fluid is digol. In highly preferred enbodi nents, the process is
conducted at elevated tenperatures, preferably above 200C, and nore
preferably above 220C. 10 According to an eighth aspect, the invention
provi des eonigttingdndnternst ey surfaceodf saig blenst withig lemenfomingduidonpri si ng:
formng a blend of Halar with a conpatible solvent; formng said blend

i nto a shaplacing twwrmallg endacétbpHasesdpiatation in sxd bkatl ite fprana koltosy fille sur f ace of
said blend with a coating fluid; 15 contacting an internal |umen surface of
sai d bl enﬁleyﬂbtrﬁlegaﬁdmen forming fluid; inducing thermally induced phase
separation in said blend to forma hollow fibre nenbrane; and extracting

t he sol ve&]@?r]ﬁ% F]Ftrﬁ)({ ably, the coating is selected from one
or nore o A cngglg ex-@ﬁgenlggﬂlg%ﬁ%i gol. According to an ninth aspect,
the invention pravides. a._pethod of form a_ _hollow fihre  Hal nbr ane
conpr 135 ng: o FANGPLS: BF SRRt resimd =GP PR e g e Ptk 18 €€ 4t 280 pendi ng
a pore formng agent in said blend 25 formng said blend into a shape to

provi de adibmPghpreicmbly argenhBy-8863 FPrefpablyatizonpeongrollingageshis 48t i ng an

internal [umen surface of said blend with a [umen formng fluid; inducing
t her mal | yenvidnoedtalydfsendy palvertt sooh anGIA o Gitrofldx £0 Prafenably, thelliimen f i br e

forming fluid is digol. In highly preferred embodiments, the process is conducted at
elevated temperatures, preferably above 200°C, and more preferably above 220°C.

10 According to an eighth aspect, the invention provides a method of forming a
hollow fibre Halar membrane comprising:
forming a blend of Halar with a compatible solvent;
forming said blend into a shape to provide a hollow fibre;
contacting an external surface of said blend with a coating fluid;

15  contacting an internal lumen surface of said blend with a lumen forming fluid;
inducing thermally induced phase separation in said blend to form a hollow fibre
membrane; and
extracting the solvent from the membrane.

Preferably, the coating is selected from one or more of GTA, citroflex-2 and

20 digol.

According to an ninth aspect, the invention provides a method of forming a
hollow fibre Halar membrane comptising:
forming a blend of Halar with a compatible solvent;
suspending a pore forming agent in said blend

25  forming said blend into a shape to provide a hollow fibre;



menbr ane; and extracting the solvent fromthe nenbrane. 5 Preferably, the
pore form ng agent is a | eachable pore form ng agent, such as silica.
Accor di ngwo@3mes3ent h aspect, the invention provides a net rad/Aafozpar7o ng a
hol | ow fi bre Hal ar nenbrane conprisingt4dfornmng a blend of Halar with a
conpati bl e solvent; 10 suspending a pore form ng agent in said blend
formng said blend into a shape to provide a hollow fibre; contacting an
external surface of said blend with a coating fluid;, contacting an internal
| umen sur terdecting aganterrsl bmknviutfaceof] saideendbowith adunen farming Hedei ng t hermal |y
i nduced phase separation in said blend to forma hollow fibre 15 nenbrane;
and ext r agiducigg tieemally uehiced pieie kdparationti saié bleRd ed éorabd Joltdvefilmer e f or m ng
agent is a |leachable pore formng agent, nore preferably silica. The

nmet hod mey,efdbrdddehind Nl ude the step of |eaching said | eachable pore
form ng agent from said nenbrane. Preferably, the pore formng agent is a

20 | eachag)k acﬁ- %igl%gs%‘)gg% %g%’{t@eh}%ﬁ@@g fromthe dope by caustic solution, In

certain préferr i'gol is used as a non-solvent and

i ndependently water. is_used as a quench fl ui Accqrdi.ng to . an el eventh
hopect? the | nbBRON B Forba eheane SEChElnPiE HrmAgerd Bebet vl ar
menbrane conprising: 25 formng a blend of Halar with a conpati bl e sol vent;
WD 03/ 0688#42.PCT/ AU03/ 00179 -15 suspending a | eachabl e pore form ng agent

in said blend
According to a tenth aspect, the invention provides a method of forming a

hollow fibre Halar membrane comprising:
forming a blend of Halar with a compatible solvent;
10 suspending a pore forming agent in said blend
forming said blend into a shape to provide a hollow fibre;
contacting an external surface of said blend with a coating fluid;
contacting an internal lumen surface of said blend with a lumen forming fluid;
inducing thermally induced phase separation in said blend to form a hollow fibre
15 membrane; and
extracting the solvent from the membrane.
Preferably the pore forming agent is a leachable pore forming agent, more
preferably silica. The method may further include the step of leaching said leachable
pore forming agent from said membrane. Preferably, the pore forming agent is a
20 leachable silica, which is leached from the dope by caustic solution,
In certain preferred embodiments, the digol is used as a non-solvent and
independently water is used as a quench fluid.
According to an eleventh aspect, the invention provides a method of forming a
hollow fibre Halar membrane comprising:

25  forming a blend of Halar with a compatible solvent;



formng said blend into a shape to provide a hollow fibre; contacting an
internal lunmen surface of said blend with a lunen formng fluid; inducing
t her mal | ywordiessd4 phase separation in said blend to form &ChiiUosmof7dbre 5
menbr ane; extracting the solvent fromtfie nenbrane; and | eaching said

| eachabl e pore form ng agent from said nmenbrane. According to a twelfth
aspect, the invention provides a nethod of formng a hollow fibre Hal ar
menbrane conprising: 10 formng a blend of Halar with a conpati bl e sol vent;
suspendi nguspehding h fdaklmbpopae ffomihg ggad énsaid blesdi d bl end formi ng said bl end
into a shape to provide a hollow fibre; contacting an external surface of

sai d bl engriMitidsadd blead irig akhapedo pedidesholigy fibret Nt ernal | umen surface of
said blend with a [unmen form ng fpl uid; 15 inducing thermally induced phase

separ ati oorfkfiglafl ifbARfdhRal B o _ldlﬂﬁhd@gﬁﬁlmﬂ&ﬁﬂrﬂ{gg%% tracting the

solvent fromt prane; an eachi ng sal eachabl e orm ng agent

fromsaid.nenbrane. Preferaply, the pore form ng.agent is,a achabl e pore
form ng aﬁﬁflpg@%waﬁ}él uF?‘ﬁ@?lase %%ﬁ%ﬁoﬁlﬁn Faéd E]eeggltl%gn?’r%h?sq%h pe by
caustic solution, preferably 5wt % Preferably, digol is used as a

non- sof veRenB¥#e; ndependently water is used as a quench fluid. According
to a thirteenth aspect, the present invention provides the use of Hal ar

for form exfraxtihg tHepalvienbiremithe mafmbraneasnidon or nicrofiltrati on nenbrane. WO
03/ 068374 PCT/ AU03/00179 -16 According to a fourteenth aspect, the present
i nvent i onlepeldug ed 16aelidbdslp @t forming agent from said membrane.

According to a twelfth aspect, the invention provides a method of forming a
hollow fibre Halar membrane comprising:
10  forming a blend of Halar with a compatible solvent;
suspending a leachable pore forming agent in said blend
forming said blend into a shape to provide a hollow fibre;
contacting an external surface of said blend with a coating fluid;
contacting an internal lumen surface of said blend with a lumen forming fluid;
15  inducing thermally induced phase separation in said blend to form a hollow fibre
membrane;
extracting the solvent from the membrane; and
leaching said leachable pore forming agent from said membrane.
Preferably, the pore forming agent is a leachable pore forming agent, such as silica,
20  which is leached from the dope by caustic solution, preferably Swt%
Preferably, digol is used as a non-solvent and independently water is used as a
quench fluid.
According to a thirteenth aspect, the present invention provides the use of Halar

for forming a hollow fibre ultrafiltration or microfiltration membrane.



formng a polynmeric ultrafiltration or mcrofiltrati on nmenbrane including
the steps of: preparing a | eachant resistant Hal ar nenbrane dope;

i ncor por awpnig/oes3reachabl e pore form ng agent into the dopecr/AUosast’png a
menbrane; and | eaching said | eachabl e-p®fre form ng agent from said nenbrane
with said | eachant. Preferably, the | eachable pore form ng agent is an
inorganic solid with an average particle size less than 1 mcron, and nost
preferably is | eachable silica. In highly preferred enbodi nents, the
silica is preséstoidingteafourt@nidespectihe peaseligventine pravidasanathodofa caustic
solution. The invention also provides a porous polyneric Hal ar

m crof i | t featrigha polytetic aftidfiltaion@r mickfibiaion mérabraps fiehidih thy sepyohf t he
precedi ng aspects. According to a fifteenth aspect, the invention provides

a m Cr opopRUSH RS fach ik FR{RREHALE RRLARadd @pean environnental ly friendly

solvent or mxture of 15 environnentally friendly solvents. Preferably, the
menbr ane 1S fl.at sheet.or. holl ow fj ﬁ[ﬁﬂ@ e. Preferably, the flat
sheet menbra gr%t%gpaﬁgﬁcglrag%pPFeo%%ngﬁ{geaﬁeﬁtﬁgnmn?%’y friendly solvent or

m xture of solvents containing one or nore conpounds according to the

fol | owl ngCHYRRAMEMBBIEEMRS OOCRI R4 COOR2 or R4 OOCR2 COORS OOCR3

ool " Dsghng sald dtbablapery fomils 080 SBBTHA TPV GLSPen Tebdtt.
Preferably, the leachable pore forming agent is an inorganic solid with an
average particle size less than 1 micron, and most preferably is leachable silica. In
highly preferred embodiments, the silica is present in around 3-9%
10 Preferably, the leachant is a caustic solution.
The invention also provides a porous polymeric Halar microfiltration or ultrafiltration
membrane when prepared by any of the preceding aspects.
According to a fifteenth aspect, the invention provides a microporous Halar
membrane prepared from an environmentally friendly solvent or mixture of
15 environmentally friendly solvents.
Preferably, the membrane is a flat sheet or hollow fibre membrane.
Preferably, the flat sheet membrane is prepared from an environmentally
friendly solvent or mixture of solvents containing one or more compounds according to

the following formula:

20

COOR; OOCR;
R4 COOR;, or R4 OOCR,

COOR; OOCR,

wherein Ry, R; and R; are independently methyl, ethyl, propyl, butyl, pentyl, hexyl or

other alkyl.



R4 is H OH COR5, OCOR5, nethyl, ethyl, propyl, butyl, pentyl, hexyl or
ot her al kyl, nethoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy or other
al koxy, RyoOmewbtssl’4 et hyl, propyl, butyl, pentyl, hexyl or perhdaniadkyl .
Preferably, RlI= R2 = R3 = ethyl and R4I'H: 5 Preferably, the pore
controlling agent is citric acid ethyl ester (GCtroflexTM2) or glycerol
triacetate. The term"environnentally friendly" as used herein refers to
materials having a |esser or reduced effect on human health and the

envi ronment whRaicBnPH; EORs OF ORsomptyl, wthiybmaends ity pesdyly hewwd of ofier ser ve
the sane purpose. In particular, 10 "environnentally friendly" refers to
mat eri al s alifgl, edeticaweethoxy, tpdopoxiyf hutdy, peretokys haxeky aruthalatkoxgspeci al |y
humans. Environnentally friendly al so enconpasses bi odegradable materials.

Preferably, thR5%&Yﬁfl,%%ﬂﬁ%&b&ﬂbﬁt%d,%@ﬁwhé)@}l‘bﬁaﬂﬁrH&?ﬂ in the present
invention are not recognised” as hazardous to the health of humans or ot her

organi sns, eit n, 15 subje uge i s acute (short term hi gh dose)
Pt B 2R IR E AR MIE,

or long term ( ower is preferable, that the acute

toxicity be low, ie it is preferagble if .the, solyent have hj LD50. For
exanpl €, the LB%erélPlygﬂbﬁé’@Feo‘FO@Pﬁ%@g%tés ?WW%‘iﬁtlhé’f gser. p&f&%@xlmg&ﬂng/ kg
bodywei ght, whereas in the case of 1,3,5-trichlorobenzene, the LD50 is as

| ow as 30@ly8eohyiaketatePr ef erably in the present invention, the LD50 is above
20 1000ny/ kg, and nore preferably above 2000 ng/ kg However, as well as

acut e toxi Ci tyThé terinS'eaviséhnidr@dllyyiridedi'r ahised hbin tefigs &OuRFAbIS hdvingaot show
long term low |evel exposure effects, and are not carcinogenic, nutagenic

or terat ?eg%giof; redﬁbé&sef‘ﬁ%clt bn ﬂfriﬁnaﬁ gﬁﬁ%ﬂg% érﬁfﬁljfoﬁﬁfeﬁfjwﬂéh ddiSdredbRP" S

(al though these are a tacto eflects factors such as the ability of
the solvent to.bioaccumul ate as, well as 25 its inherent. t.oxic and nutagenic
propert i egqmg,%gl[génlr%%c)ﬁ 0L SRE B INARTLC %’fe SEE PHIRSS %‘nﬁ.1 %5{1851? 068374
PCT/ AUO3/ 00179 , ) ) . .

10  "environmentally friendly" refers to materials which have low toxicity to plants and

animals, especially humans. Environmentally friendly also encompasses biodegradable
materials.
Preferably, the environmentally friendly solvents used in the present invention
are not recognised as hazardous to the health of humans or other organisms, either when
15  subject exposure is acute (short term/high dose) or long term (typically at a lower dose).
It is preferable, that the acute toxicity be low, ie it is preferable if the solvents
have a high LD50. For example, the LD50 of glycerol triacetate in rodents is around
3000mg/kg bodyweight, whereas in the case of 1,3,5-trichlorobenzene, the LD50 is as
low as 300-800mg/kg. Preferably in the present invention, the LD50 is above
20  1000mg/kg, and more preferably above 2000 mg/kg
However, as well as acute toxicity, it is also highly desirable that the solvents do
not show long term, low level exposure effects, and are not carcinogenic, mutagenic or
teratogenic. This will not so much be reflected by their LD50’s (although these are a
factor), but reflects factors such as the ability of the solvent to bioaccumulate as well as

25  its inherent toxic and mutagenic properties. Preferably, the solvents of the present



-18 invention do not bioaccunulate. In this regard, the biodegradability of
the solvent is inportant, and high biodegradability is preferred. It is

al so necewoaByp6s3ns consi der ot her ecot oxi col ogi cal effectsPsrctvoasothe
toxicity to non-humans/ non-manmal s, -akd- factors such as whether the
solvent is an ozone 5 depleting conpound. In ternms of structural

consi derations, the type of structural features which may be found in
suitable environnentally friendly solvents include the presence of

degr adabl @vgntéund nadidepermanlgica b thigegeaigs thedbiadegead akiityeolsthe sl¥pdds al |y when
these result in nuch smaller nolecules, such as C4 or |ess); absence of

hal ogens {mspuatang and highrvicdepradabiliggnd préferrabsence of aromatic rings. The
preferred solvents of the present invention exhibit these three favourable

charact eri sti cg iBikéReddfaENoR b FthdrideoloRRloN ] Effebts sidhal thd toxitip

di agrans of alternative TI'PS processes used to prepare HF nenbranes 15

Figs 2 an 3 i o f LAbsseof the

pr esent %n%gﬂﬁﬁ%%%@?ﬁ@hgi/\%{ dt cetMrSce\SglE}?%sg@%‘f%h‘%é&é Ftlﬁ I"%@g%) I on ugi ng the
menbr anes .of the present invention. Fig 5 is a summary of nenbrane
product i ofePI g FOMEPeD OF PERFORM NG TEE | NVENTI ON 20° The TIPS process is
described in nore detail in PCT AU94/00198 (WD 94/17204) AU 653528, the
contents of whirncterms ef stietrd spatideratianscibs tynp of straptarad featurgeWhishi@8t net hod
used to prepare the nenbranes of the present invention is described herein
i n si npl bé fomdd fimsuitablerenvirenpeléy freddlycoivents indiadd the prasengs, ofpol y (et hyl ene
chlorotrifluoroethylene) is formed 25 as a hollow fibre. The poly

(et hyl enedgghhdib grofipsiieg RRIrBsaIe Eroups, Sucis & a¢eess, i(Espacislly tvhbh ehese result

in much smaller molecules, such as C4 or less); absence of halogens (such as chlorine);
10 and the absence of aromatic rings. The preferred solvents of the present invention

exhibit these three favourable characteristics

BRIEF DESCRIPTION OF THE DRAWINGS

Fig 1a and 1b are diagrams of alternative TIPS processes used to prepare HF

membranes

15  Figs 2 and 3 are Scanning Electron Micrographs of the membranes of the present
invention.
Fig 4 shows the results of IGG filtration using the membranes of the present invention.
Fig 5 is a summary of membrane production.
BEST METHOD OF PERFORMING THE INVENTION
20  The TIPS process is described in more detail in PCT AU94/00198 (WO 94/17204) AU
653528, the contents of which are incorporated herein by reference. The current
method used to prepare the membranes of the present invention is described herein in
simplified form.
In one preferred form of the invention, poly (ethylene chlorotrifluoroethylene) is formed
25  asahollow fibre. The poly (ethylene chlorotrifluoroethylene) is dissolved in a suitable

solvent and then passed through an annular co-extrusion head.



sol vent and then passed through an annul ar co-extrusion head. WO 03/068374
PCT/ AU03/ 00179 -19 There are two possi ble ways to conduct the nethods of
the presewD g™ ion in relation to hollow fibres. One IPETA3A0100
extrusi on head having three concentri<l9 passageways, as shown in cross
section figure |Ib, the other is via a quadruple co- extrusion head having
four concentric passageways is shown in cross section in Figure 5 la. The
principle is broadly the sane in both cases, except for the way. the quench

fluid is contABeredreivchpassiblewaysdo confdushibg mesieds of thrprasenhinvediiaitievay 1

may contain a lumen formng fluid 11. The first outwardly concentric
passagewaldiondothallow fibréso rihgeinoias o extsionditad havingthrgen@mncartde sol vent
system 12 to formthe nmenbrane, the next outwardly concentric 10 passageway

3 has a cpakh agb,tb@sqhé@n il &robRciEASRzRE 1bNBe bitePlevig% uaihple chead, the
guench is a bath either directly adjacent the extrusion head or slightly

spaced belawddn ﬂ@ag%a\%ﬂg f&ﬂtc%ﬁéagﬂiﬁ,%a%fa@ewa%e 'Sh&\?ﬁﬁl{‘?fg?d&k%?ﬁ&?%@@i rusion

head, the outernbst passageway pli"es a quen e fibre.
Under carefu t her.mal | ontrol | ed.conditions he | unmen form g1 uid,
the " 16" P Rrtia i erbady hd Simedn a0 R too SReh o Fus WP e SBER H  uf «
are contacted with a quench fluid at a predeterm ned tenperature (and fl ow
rate, if tsrontpgedorith dedibsti ed by neans of an outernpbst concentric
passageway). The poly (ethylene chlorotrifluoroethylene) solution cones

i nto contact wilhbothhesés, theraxiab paisagpwialydi maycottthie a liimsh denuhg flihiel Hol | ow
fibre and wwth the coating fluid and/or quench bath solution on the 20

out si de offhé hiest BatwRdyfcbRERtricThesdgewe2 0talk8 athoRthgbholisdbixeeebaibe one or
nore conponents of the solvent system alone or in conbination with other

o B PR e o, GRTRRTGlaYclcisent) . T
10  passageway 3 has a coating fluid 13. In the case of the triple extrusion head, the quench
is a bath either directly adjacent the extrusion head or slightly spaced below it with an
intermediate air gap. In the quadruple extrusion head, the outermost passageway 4
applies a quench fluid 14 to the fibre.
Under carefully thermally controlled conditions, the lumen forming fluid, the
15 membrane forming solution and the coating fluid are coating fluid are contacted with a
quench fluid at a predetermined temperature (and flow rate, if the quench is applied by
means of an outermost concentric passageway). The poly (ethylene
chlorotrifluoroethylene) solution comes into contact with the lumen forming fluid on the
inside of the hollow fibre and with the coating fluid and/or quench bath solution on the
20  outside of the hollow fibre.
The lumen and coating fluids contain one or more components of the solvent
system, alone or in combination with other solvents, in selected proportions (the first

component may be absent). The composition of the coating and lumen fluids

predetermine the pore size and frequency of pores on the membrane surfaces.



predeterm ne the pore size and frequency of pores on the nmenbrane surfaces.
WO 03/ 068374 PCT/ AU03/ 00179 -20 Each fluid is transported to the extrusion
head by re&ars/oef374 ndi vi dual netering punps. The three compandnB®olare

i ndi vidually heated and are transport€®0-along thernmally insulated and heat
traced pipes. The extrusion head has a nunber of tenperature zones. The

| umen fluid, nmenbrane formng solution (dope) and coating 5 fluid are
brought to substantially the sane tenperature in a closely nonitored

t enper at ur e zoBRechvliid & ransportasietoithe etimsion head byrsranpobindividiabmetenisgexact
nature of the quench depends on whether the quadruple or triple extrusion
head i s upadps. The three capbpatictlags indhedwplighehted bnd dreitBanspurteddilergd vi a an
outer concentric passageway. The fibre may travel down the quench tube at

a signi i gaphdly idifihed 6 nédt Re8dd Fip&ethé EaMsIdIhehd ndY'EAGMbEI o d. The fibre
may then pass i'nto a further quantity of quenching fluid if desired. In

the tripl ysi e i : t i i may be
opt i onal Igemﬁj)ré}at%#g%é %p@ﬁ% f&%@ﬁﬁ%@@@?@?@%%é ieorn §Pér}ga%fl icégﬁen%gt ructure.
The fibre_nay ass, through a tional air gap before passing into a
quench? baﬂﬁ%% pughtgp é%bs§ ugily flesewg t?i’é‘?eé?t?'f?%graeﬁ%el‘b'ﬁ%ﬁorﬁ@ the triple
extrusion head, as will be clear by the inclusion of an air gap distance
in the prisoweraiun zprg where dhesdoppheshappd demsatiorad abeve.dhe exacheate ofi t h t he
dope, the dope undergoes non- equilibriumliquid-Iiquid phase separation to
form a bi thenuenvhaiependatoni whettier tlar gendriphd e@rtfipls extrusiordead istused.| Ingbe ds i n

whi ch the polyner rich phase is solidified before 20 aggregated separation

into di stiwiuphd) dsesuenth BRI i intfidacddah ah otle dorcRitricPsSsaREwSE - Thetitgker abl y,
any air, gas or vapour (not being a gas or vapour that serves as the |unen

any air. _ | apour  t! the
ctreteh | PoE Y P ATy Ao gy Bt Bk PUERMENT The” '

surf e p((l)l,{e%gh fluid. The fibre may then pass into a further quantity of quenching fluid if

desired.

In the triple extruder system, the fibre passes out of the die, which may be
optionally in the shape of a stem to assist in determining fibre structure. The fibre may
pass through an optional air gap before passing into a quench bath. Most fibres

15 disclosed herein were prepared by the triple extrusion head, as will be clear by the
inclusion of an air gap distance in the production parameters.

When the quench fluid is contacted with the dope, the dope undergoes non-
equilibrium liquid-liquid phase separation to form a bicontinuous matrix of large
interfacial area of two liquids in which the polymer rich phase is solidified before

20  aggregated separation into distinct phases of small interfacial area can take place.

Preferably, any air, gas or vapour (not being a gas or vapour that serves as the
Iumen fluid), is excluded during extrusion and the fibre is stressed axially to stretch it by
a factor ranging from 1.5 to 5, thereby elongating the surface pores.

The hollow fibre membrane leaves the extrusion head completely formed and

25  there is no need for any further formation treatment except for removing the solvent



The hol |l ow fibre nenbrane | eaves the extrusion head conpletely fornmed and
25 there is no need for any further formation treatnent except for renoving
t he sol vewD 036$3234 068374 PCT/ AU0O3/ 00179 -21 system from tPha/At@abeane in a
post -extrusion operation that is commo2l to nmenbrane manufacturing process.
In a preferred nethod, an appropriate solvent that does not dissolve the
polymer but is mscible wwth the dope solvents is used to renove the

sol vent system for the polyner fromthe finished nenbrane. 5 The | unen
formi ng f bystem freyn the neashteencsiy) afposirextrusioeopeEation that if conypen fjeewbraggch as
are disclosed herein. The sane substance may be used as the coating and
quenchi ngmanafactising Pédoess. Of a piefdri thethed) anaphwpribiegolvéninthyt dves usied as t he
guench liquid. Water is used if a highly asynmetric structure is desired.

Asymmet r i ﬁisgm(}@ﬂﬁg%g}{crﬁ%%uf)ﬁ thiRiB1eOF IRt Adpe ESIFEHLE is‘;llfs@dﬁd Reolk e process. 10

The rate and spee e-m xing occurs faster at the outer surface of the

nb | . Thi lts i
ot ane WS (gt SmaE g face, Ths results I 2
furth i d Th the interf which., in.a hall fib
R N A At A

circunmstances, be so small that a "skin" region occurs. This is about one
m cron t hbush asBredigelpsedtheeein (Theiseme splsiansn mayrbefised anthe spatingans,  t he
outside of the fibre is small pored whereas the centre of the polyneric
regi on hagudnehipg lignids. Biate or Virmallpkby ethepliduid fetytbelusedas the quench liquid.
chlorotrifluoroethylene) nenbrane trials were conducted by extrusion from

smal | scakeuapaslifs highlPasimadtas st s ddse@g ei ther gl ycerol
triacetate (GIA) or Citroflex 2 as the solvent. The structure of the 20

rembranes as oRg In%%;ﬁ%@@ﬁ@@g@%&&c@ﬁo el £ohneriBugahegher e vas

sone degree o rane prepar trofl'ex appeared the

LT&S tes 1(P ' O]ﬂlesz Irar’gg al?({.l s(,jpere]({f1 gf ge—rrn%lcigé Iogcei\llrgl fa(s) eF Qt tﬁlé Ic)lrlltely\lls&r?acg o? leét%feléml(o)rfamla %{(P er

slower further away from the interface. This results in a pore size gradient with smaller
pores at the surface and larger pores further inwards. The pores at the interface which
in a hollow fibre are the outer layer of the fibre and the wall of the lumen may, in some
circumstances, be so small that a “skin” region occurs. This is about one micron thick

15  and is the critical region for filtration. Thus, the outside of the fibre is small pored
whereas the centre of the polymeric region has large pore size.

The initial poly (ethylene chlorotrifluoroethylene) membrane trials were
conducted by extrusion from small scale apparatus into a water quench, using either
glycerol triacetate (GTA) or Citroflex 2 as the solvent. The structure of the

20 membranes as observed by SEM appeared to be excellent, although there was some
degree of skinning. The membrane prepared from Citroflex appeared the most
promising and had a relatively open skin with a number of larger holes.

A poly (ethylene chlorotrifluoroethylene) membrane was prepared by extrusion

in the manner described above for the TIPS process. The poly (ethylene



A poly (ethylene chlorotrifluoroethyl ene) nenbrane was prepared by
extrusion in the manner descri bed above for the TIPS process. The poly
(et hyl enewd@30&93068374 PCT/ AU03/ 00179 -22 chl orotri fl uor @erhyiioane)’9
menbranes were initially prepared w tHat the use of a coating fluid,
using GTA (table 1) or citroflex2 (table 2) as solvent. TABLE 1. UNCOATED
POLY (ETHYLENE CHLOROTRI FLUORCETHYLENE) MEMBRANE - GTA SO_VEI\FI' Par anet er
Val ue Sol vent 100% d ycerine Triacetate {GTA) Lunen 100% Di fg ol y
( et hyl enechiérotifbtarpdthyione)enémbrenss)wd dmiti eparedwithautehe B of PegopdR&t ur e
230C Solvent injectors 230C Throughput 100cc/mn Screw speed 250rpm Die
Tenper at uflgid2ds?6s GTRh@atde provétoftex2tablesd)yassblvant. and honogeneous,
i ndi cating corrpl ete solubility of the Halar in the GIA at 230C. The dope
solidifieg ﬁm_, F1 a”ﬁWﬁAﬁWPULQPEﬁIY@ENBPPV ox. 5 seconds. The fibre was
roug

extruded t a die at a tenperature of 212C into a water quench. The

i et byt encHTORB ROk ITIENR S MERANEL &R SORHERE P "0 | ow can

| ead to pulsingof the fibre and—bl cc'/“ﬂm H—the—di-e—Hatar—weHts—at 240C
and di sspP#a&efeh GTA bet ween 210C and alue

Solvent . 100% Glycerine Triacetate (GTA)

Lumen 100% Digol

poly (ethylene chlorotrifluoroethylene) 24%

Concentration

Barrel Temperature 230°C

Solvent injectors 230°C |

Throughput 100cc/min

Screw speed 250rpm

Die Temperature 212°C

The dope was completely clear and homogeneous, indicating complete solubility
of the Halar in the GTA at 230°C. The dope solidified under ambient conditions after
approx. 5 seconds. The fibre was extruded through a die at a temperature of 212°C into
a water quench. The air gap was approximately 15mm and the lumen forming liquid

10  was diethylene glycol (digol).

Selecting a die temperature which is too low can lead to pulsing of the fibre and
blockages in the die. Halar melts at 240°C and dissolves in GTA between 210°C and
220°C with a cloud point around 215°C. The solvent was varied to Citroflex 2 as per

table 2



220C with a cloud point around 215C. The solvent was varied to Citroflex 2

as per

Par anet er
chlorotri
Sol vent
Tenperatu
GTA m xtu
at 230C.

table 2 WO 03/068374 PCT/ AU03/ 00179
( ETHYLENBVO@B#HGRATRI FLUOROCETHYLENE) MEMBRANE -

Sol vent 100% Ci trof | eR3
Concentr at

Val ue
fl uoroet hyl ene) 24%

I njectors 230C Throughput 100cc/ mn
re 212C The dope was corgl etely cl ear
TABER, i UNCRA 00k ¥ (ESFHENE,

consi stency slightly better than that of the GTA

The dope had a

Cl TROFLEX2 PEQAYEBIT0179
2 Lumen 100% Di gol
lon Barrel Tenperature 230C

Screw speed 250rpm Die

of the polyner

-23 TABLE 2 UNCOATED PCOLY

poly (ethyl ene

and honmopbgeneous as with the
in Gtroflex 2

dope and LBBOROTRIFLEOROETH VHBNE) MEMBRANEGGITROFLEXSQLVENEeconds.

When Citroflex 2 was used as the sol vent,

it was necessary to add extra

heat to |Phsntbite to raise the tenperaturevilgesufficient Tevels to pr eyent
bl ockages. The fibre was 10 eventually |extruded through a die at a
e R O 212 T et | MEE e T T ) e
SEMs shoy duinte'tr‘ie st+uetur-e—ef—the—surface f‘bra@/jﬁgoq%e efross—seetioen—ef—pot h

poly (ethylene chlorotrifluoroethylene) 24%

Concentration

Barrel Temperature 230°C

Solvent injectors 230°C

Throughput 100cc/min

Screw speed 250rpm .

Die Temperature 212°C

The dope was completely clear and homogeneous as with the GTA mixture,

5 indicating complete solubility of the polymer in Citroflex 2 at 230°C. The dope had a
consistency slightly better than that of the GTA dope and also solidified under ambient
conditions after approx. 5 seconds.

When Citroflex 2 was used as the solvent, it was necessary to add exira heat to
the die to raise the temperature to sufficient levels to prevent blockages. The fibre was
10  eventually extruded through a die at a temperature of approx. 212°C into a water

quench. The air gap was approximately 15mm and the lumen liquid was diethylene

glycol (digol).

The SEMs showed the structure of the

surface and of the cross-section of both

hollow fibre poly (ethylene chlorotrifluoroethylene) membranes prepared using GTA



hol l ow fi bre poly (ethylene chlorotrifluoroethyl ene) nmenbranes prepared

usi ng GTA WD 03/068374 PCT/ AU0O3/00179 -24 and G troflex 2 to have adequate
pore formapioaessmd structure. The fibres were al so surpripgirngiog/ost’s ong and
ductile, with a large degree of flexit4ity. The procedure was further

nodi fied by the use of a coating on the outside of the fibre. The use of
coating conpositions in the preparation of the Halar nenbranes was 5 found
to enhance the perneability (2200LMH) and inprove the bubbl e paint (490kPa)
of the reduy @mﬂeﬁ@ﬁﬁﬁl&ﬁ%ﬁé%ﬁépﬂﬁe(f@@%@loﬁéﬂém@ﬂ@ Ahe iBRENETHaEOW i n tabl e
3. TABLE 3 COATED POLY ( ETHYLENE CHLOROTRI FLUORCETHYLENE) MEMBRANE VARI OQUS
SOLVENTS swprisinglystroh@bhnieductitd, wathta 167ga de@matolf flgxiGily. T Citrof | ex 2 Di gol
Lunen 100% Di gol Pol ynmer Concentration 21% Barrel Tenperature 230C

Sol vent i nj ect Thé_pL%'éQ&ﬁre AL QUERP HodHRAWE/ thE Gse ST ®AtisE 6. theZudi s f the e

Tenperature 200C 10 As previously, the dope was clear and honobgeneous, was
of a goodgransy j h&idrsGf ¢ o Sith IrfehfRsned 8"
appr ox. Sﬁs%éiﬂrﬁtsusg%%oa?@gf;e tl/)\gsgﬁ%(s?{r;u%%atrﬁtrou%ﬁ A Pgej at A tenﬁerature
of approximately ,200C.i nto a,wat . Jhe air was. i\mat el y
T ahd T e gy EEERD e B g B Bonf RO e ar
to ensure that the die tenperature and a regul ar, coati ng,roYv

of the resultant membranes. The process parameters are shown below in table 3.

TABLE 3 COATED POLY (ETHYLENE

CHLOROTRIFLUOROETHYLENE) MEMBRANE VARIOUS SOLVENTS

Parameter Value
Solvent GTA
Coating GTA 4 Citroflex 2 Digol
Lumen 100% Digol
Polymer Concentration 21%
Barrel Temperature 230°C
Solvent injectors 230°C
Throughput 100cc/min
Screw speed 250rpm
Die Temperature 200°C
10 As previously, the dope was clear and homogeneous, was of a good consistency

and solidified under ambient conditions after approx. 5 seconds. The fibre was extruded
through a die at a temperature of approximately 200°C into a water quench. The air gap
was approximately 15mm and the lumen liquid was diethylene glycol (digol).

It was necessary to ensure that the die temperature and a regular coating flow

15  were maintained. Irregular flow was minimised or eliminated by degassing the coating



15 were maintained. Irregular flow was mnimsed or elimnated by degassing
the coating WD 03/068374 PCT/ AU03/ 00179 -25 and | unen vessels prior to
use. Heatwo oBiosss334 were installed for the coating and | unme®CTfAWBME1I790 hel p
mai ntain die tenperature. Extra insul-&5i-on was al so used, as nmintaining
an adequate tenperature is required in order to produce a hollow poly
(ethylene chlorotrifluoroethylene) fibre of consistent quality. 5 Two
different trials were perforned: GIA coating and Citroflex 2 coating. An
uncoat ed awinipinen wesselspoigutreesef dleated dipes Weisrinstalige for themoatiEpanEdumep ETHYL ENE
CHLOROTRI FLUORO ETHYLENE) HOLLOW FI BRE MEMBRANE PERFORMANCE Par aneter No
Coat i ng GidCodidlmmatitiindid empraGoatixig inddavnywsetldvyhsed casaiaidtbindig
chlorotrifluoroethylene) Coating Flow (cc/mn) O 10 10 Lunen Flow (cc/ nin)

555 PepRrlidid Eéfn;(éfé\tqﬂ'e is ?&% ed irPdEECAk BRoduBy B%bﬁo@@iol'[_% (citifene - 490 -

Break Extension (% - reak Force (N) - rce/unit area (MPa)

- - F&ﬁ{r%m%%%t%ﬁlei%?ﬁ&oﬁgg{eﬁtcfuallg}ﬁ As was apparent fromthe SEMs

of the safrpl e coa an |nperneable skin, hence

t he absence of _a re uIt f.or r bi The ski ) the effect of

i ncr easi ng breqéﬁ?("’é1 ﬁ'eﬁ%tltﬂﬁls(“%é? ?ﬂimﬁ ATCBPtéIegf’gF?tré’?]tef‘g QMG v P her ef or e
uncoated sample was produced for comparison.

TABLE 4 COATED POLY (ETHYLENE CHLOROTRIFLUORO

ETHYLENE) HOLLOW FIBRE MEMBRANE PERFORMANCE

Parameter No Coating GTA Coating | Citroflex 2 Coating
% poly (ethylene 21 21 21
chlorotrifluoroethylene)
Coating Flow (cc/min) 0 10 10
Lumen Flow (cc/min) 5 5 5
Permeability (LMH - 2294 -
@100kPa)
Bubble Point (kPa) - 490 -
Break Extension (%) - 92.9 -
Break Force (N) - 1.35 -
Force/unit area (MPa) - 4.6 -
Fibre OD/ID (pm) 856/469 766/461 -
10 As was apparent from the SEMs of the sample, the sample with no coating had

an impermeable skin, hence the absence of a result for permeability. The skin also has
the effect of increasing break extension (BE) and break force (BF) artificially therefore

these test were not performed either.



these test were not perforned either. WO 03/068374 PCT/ AU0O3/ 00179 -26 The
results fromthe GIA coated sanpl es showed that perneability was high, as
was breakwexBmsssion and force. In sonme cases, the photogr gh/Aafo3obeg9 cr oss
section of the GIA coated sanple showéd sone snmall "hol es", probably
caused by bubbles in the dope. 5 The high bubble point for the GIA sanple
i ndicates that many smaller pores rather than a smaller nunber of |arger
pores provide the high flow. The Ctroflex 2 coated nenbrane can be seen
in the SEM s tBhérssdisdraode @BAsosted samples shawedghataermerpityrasdighb @br anes
with a controlled density surface skin and having a nore hydrophilic

nat ure, swhd Bealyegemitdethdtforcehen sanecasts, ihd plotogragngf the crlss dddtisnlbtdguent | y
| eaching the silica out of the formed nmenbrane matrix by the use of a

caustic S@Tthoﬁféd sﬁnméfé%lewéél | difie §h£1? CigblesSprB5 ALy E’@l%@cli ¥asubsiss @dhas an

additives to the poly ethyl ene chl orotrifl uoroethyl ene) nenbrane m xture.
The dopen%/as cast into a hollow fibre nenbrane, and the resultant holl ow
fibre menbiPihes were guenched in water. 15 Once the nmenbranes had been
cast, a portion thereof was. |eached in a 5% .aguequs causti ¢ sol ution at

r oom toenper at uf @ 1?‘31; %EbPIﬁBWPEF"rﬁ?‘? gp&t%ﬂ“ﬁ%’ﬂﬂ%‘“&ﬁﬁg‘ ygg:gﬁ?r RBOA%F prior to
| eachi ng, the nenbranes were exam ned using scanning electron m croscopy.
The st r uctathee thanarsmaeraumabarpf éstgerawegsyproyide tiediigiytlowt hhe firoflexfZace of the
sheets conpletely open and totally free of any skin. 20 The addition of the
silica pradtcaderablayecaphd deen imbisiSEM's tovhate sagdodgiore strypdureus st ruct ur e.
Subsequently placing the sanple in caustic soda to |l each the silica

provided a drafgikGo PRAALE thetibras With A®HRbBOEASTsTtY Shfice skited hanidger . The
result of the |eaching

a more hydrophilic nature, silica was added to the dope with the intention of

10 subsequently leaching the silica out of the formed membrane matrix by the use of a
caustic solution.

A hydrophilic silica, Aerosil R972 was tested as an additives to the poly
(ethylene chlorotrifluoroethylene) membrane mixture. The dope was cast into a hollow
fibre membrane, and the resultant hollow fibre membranes were quenched in water.

15 Once the membranes had been cast, a portion thereof was leached in a 5%
aqueous caustic solution at room temperature for 14 hours.

After the membranes were cast, and prior to leaching, the membranes were
examined using scanning electron microscopy. The structures were generally extremely
promising with the surface of the sheets completely open and totally free of any skin.

20 The addition of the silica produced a hydrophilic membrane with a highly
porous structure.

Subsequently placing the sample in caustic soda to leach the silica provided a
dramatic opening up in the membrane structure even further. The result of the leaching

was a change in the cross-section from a conglomerate-like structure to the more



was a change in the cross-section froma conglonerate-like structure to the
nore WO 03/ 068374 PCT/ AU03/ 00179 -27 traditional |ace or sponge-like

f or mat i onwOPhmed3eachi ng with caustic soda provided a neniPCangosfogood open
structure. The optinmal dope for formnZ/a TIPS poly (ethylene
chlorotrifluoroethylene) polyner appears to be require the incorporation
of 10-50wmt % silica relative to the 5 polyner. A nunber of hollow fibre
menbranes were prepared fromthe above dope. The wetting characteristics
were as duedifieenldarg or lspongeriikefornationy dibgdeachingweith eaysti Sridedoen
surface. Wiile 3-6%silica was used in the present invention, it wll be
appr eci at edntbate dffgeod|opat sttugtucan vary significantly w thout departing from
the present 10 inventive concept. Leaching the silica fromthe nmenbranes

had increased ehé 8gilimeINidpb Sor¥BFHRgh TIPS Yolya@thykHehfré@ifRbrdetifldne) | ow
fibres wthout altering the desirable physical properties of the nenbrane.

A | ong leﬁlglgtu%??@eg}as th%eﬁl&fuifa%gee%ogg)woﬁ%ﬁ 4.5 %@ﬂiecagaaﬁfe f‘r?ggQr porated in

the 15 p N process” as treatment of t I na ul ar .
product . T(ﬁe | eaching process can be carried out at any tine, however
there 1s B¥Y&§Vant age to postponing the |eaching process as |ong as
possi bl e, since any damagle to the surface of the fibres during handling

can be over cond mynhes ot holigyv fiednepbraBesoRsIeProngEsdizera dhe #hovpdepi THe of  t he

menbrane. 20 SEM anal ysis of the nenbranes showed a hi gh degree of

asymmet r ywettiagchamtteyistics waé andatirad ard theanknbrangstrusage showgloae si ze

t hroughout the nenbrane cross-section, such that the pores at one surface
of the hobiteumdly bp& arfact.andele 3tdvaRilica&vas @bétein. the Prebdtit Snveatien, it Wil or e si ze

i ncrease was seen fromthe outer surface where the
appreciated that the quantity can vary significantly without departing from the present

10  inventive concept.

Leaching the silica from the membranes had increased effect on the permeability
and pore size of the hollow fibres without altering the desirable physical properties of
the membrane.

A long leaching time is not necessarily required and can be incorporated in the

15  production process as a post-treatment of the final modular product. The leaching
process can be carried out at any time, however there is an advantage to postponing the
leaching process as long as possible, since any damage to the surface of the fibres
during handling can be overcome by leaching which physically increases the porosity of
the membrane.

20 SEM analysis of the membranes showed a high degree of asymmetry.
Asymmetry is defined as a gradual increase in pore size throughout the membrane
cross-section, such that the pores at one surface of the hollow fibre are larger than the
other. In this case, the pore size increase was seen from the outer surface where the

pores were smallest (and a quite dense surface layer was present) to the inner surface

25  where the pores were significantly larger than those on the outer surface.



pores were smallest (and a quite dense surface | ayer was present) to the

i nner surface 25 where the pores were significantly |arger than those on

t he out erweusfiesse4 WO 03/ 068374 PCT/ AUO3/ 00179 -28 As welPCTagiosibi7ga, the
| eaching process allows for the intro®8ction of other functionalities into
t he nenbrane, such as introducing hydrol ysable esters to produce groups
for anchoring functional species to nenbranes. The | eaching process has the
capacity to maintain the hydrophilic character of a 5 menbrane after

| eachi ng. Agai £is Wil sillica, vtﬁ% taplging progessgHawa foythe wadpctiqnef ofhari c o
particles have a size in the order of nanonetres so consequently the silica
di sper sesfunbibomtjtecintsthy nidnteng) suth s hetrqbeingdrydsayaablecssterdfogmoduse pol yner
is precipitated in the spinning process, there is a degree of

encapsul agis f%faﬁélﬂnﬁF%o@i@ﬁil'sﬁé&@tMﬁéﬁhB}aﬁéée pol yner matrix. Some of the
particles (or the conglonerates formed by several silica 10 particles) are

whol | y encapsgﬁﬁ% l%g%l‘ﬁ%g %ﬁ&ﬁ eRAH36] ctgﬁécﬁtg Hﬁrthe i€ citomplerel y free

of any adhesi yner e nn ores o e pol ymer
matri x) and ,sone_.of, t ti.cles, are. artl | | n sul ated t he

pol ymeg sepRzne ﬁﬁﬁ?%ﬁcgﬁ‘?g) o)ﬁg?}?’ ’?l?f’é‘t 1}831023 b}él’ Q%X@éed’w &g ﬁ’l@g pore' or
to fluid transfer. Wien contacted wt h causti c, is believed that these

parti cl espagii¢les lb?é’e@éé?ﬁerléﬁéfdomﬁoﬁmﬁﬂmﬁqﬁ@ &b%‘é&ﬁé‘ﬂlkﬂnﬂ}’éhed’é licq HSPFFSSE t hat part
of the particle in touch with the polynmer matrix remaining. The renai nder
of the sihdimegepasusictheouvgtierths polymehsolyidny n&Whemthterpiokyrhsr is hxedipipted i ¢

i nteraction and/ or nechani cal anchoring. The inside of the particle wall is

hydr ophi | jhe spiafimdpRodeks, €6 issd Gegide dPangipeulptionbt @6 18602 partisles wdthin Because
the silicais connected to hydr ophobi ¢ groups on the other side, it cannot

be furthegy gﬁ@],fsrﬂht\fﬁdSo&Q ofﬁféﬁaaﬁ’fb‘?% (Bme BANGbARRSesAbndd Bt Eankilis caustic

sol ution, unencapsul at e reacts to form sol uble sodi um
L IR T T
free of any adhesion to the polymer (i.e. they lie in the pores of the polymer matrix) and
some of the particles are partially encapsulated by the polymer so that a proportion of
the particle is exposed to the 'pore’ or to fluid transfer.
When contacted with caustic, it is believed that these particles will be destroyed

15  from the accessible side, leaving that part of the particle in touch with the polymer
matrix remaining. The remainder of the silica particle adheres to the polymer matrix by
hydrophobic interaction and/or mechanical anchoring. The inside of the particle wall is
hydrophilic because it consists of OH groups attached to silica. Because the silica is
connected to hydrophobic groups on the other side, it cannot be further dissolved.

20 Thus when the membranes are treated with caustic solution, the free
unencapsulated SiO, reacts to form soluble sodium silicates, while the semi-exposed
particles undergo a partial reaction to form a water-loving surface (bearing in mind that
given the opportunity, such particles would have dissolved fully). It is believed that the
pores in the polymer matrix formed during the phase inversion stage yet filled with Si0;

25  particles are cleaned out during leaching, giving a very open, hydrophilic membrane.



gi ven the opportunity, such particles would have dissolved fully). It is
believed that the pores in the polynmer matrix formed during the phase

i nversi orwetiages3get filled with Si02 25 particles are cl ezagdwavodari ng

| eaching, giving a very open, hydrophi29%-c nenbrane. WO 03/ 068374

PCT/ AU03/ 00179 -29 Poly (ethylene chlorotrifluoroethylene) Menbranes

i ncorporating 3% Aerosil R972 (funed silica) into the nenbrane were
prepared by the TIPS process. The rocess paraneters are given in Table 5.
The poly (et hyPelsdetbylens dtlcﬂoniﬂlmr@@ﬁﬂymfé Adgmbrenesrincernpigting AisASREH pl aced
in an aqueous solution of 5wm % caustic to |each the silica 5 fromthe
menbr ane. R¥fe(fumsd silies)ihio themegibimeoterp prapei iblyithe/ TIRSsprobess CThe of | ex coat ed
sanple (11294LWVH) but had a | ow bubbl e point (110kPa). The best result in

ternms of i and@y bRl COATED
NENBRANEéJ @V@Ebgaﬁ@éﬁé Par aetrrgtﬁ(;[?a_ @aslC %&%%éf?ﬂl&éokﬁﬁlé@lﬁo% Nom;55 GTA

Digol, G f % D 24 % : | itives
3%? (of dojrpi)%r)(8 Sh@?%%?’ %S%%g@%%e 1%\%@%@%60359%%5 u(r)ry |Af19%{%ﬁg?%%r§§ﬂe@@f@%gerat ure
230C Sol vent jnjectors 230C  Throughput 100cc/m.n Screw.speed 1250rpm Die
Tenperat u&%mi %e raﬁﬁe'g]b%lﬁfét TRt &gtﬁg?sa‘?tl Rewwg%tyﬁﬁégﬁggrﬁﬁxt%éégar Fi er
trials. The nobst obvi ous ) )

sample (11294LMH) but had a low bubble point (110kPa). The best result in terms of

bubble point was the GTA coated sample (150kPa).

TABLES  COATED MEMBRANES WITH SILICA

Parameter Value
Solvent GTA
Coating None GTA Digol, Citroflex 2
Lumen 100% Digol
Polymer 21%
Concentration
Additives 3% (of dope) Aerosil R972 delivered as a slurry in GTA
Barrel Temperature 230°C
Solvent injectors 230°C
Throughput 100cc/min
Screw speed 1250rpm
Die Temperature 200°C
10 The dope was similar to that produced in the earlier trials. The most obvious

difference was in opacity - with the silica included the dope was a cloudy white colour.



difference was in opacity - with the silica included the dope was a cl oudy
white col our. WO 03/068374 PCT/ AUO3/00179 -30 The fibre was extruded
t hrough awoios/oed374 t enperature of approx. 200C into a watPem/Ajwenei1y The
air gap was approximately 15nm and t Ré0l-unen |iquid was diethyl ene glycol
(digol). Several different sanples were taken. Sone had no coating, others
had GTA, 5 Digol and Gtroflex 2 coatings applied at two different
production rates (30 and 60nimn). The production paraneters are shown in
table 6 TABLE B mRs MEvBRANESuRlh 7 Hiet pltepery PPN 205t Y2 GTA Di gol
Citroflex 2 % Polymer 21 21 21 21 % Aerosil R972 3 3 3 3 Coating Fl ow
(cc/ m n) WatdOqikAcH OThd aimgap Whoapptexdmaicty) 15nm #idFhe Reremdmoid wesy (LMH 0 1354
1564 3296 @ 100kPa) Bubble Point (kPa) 0 238 >50 155 Break Extension (%
- 118 52. fethflede gBc6BWiIdoP e (N) - 1.81 1.30 0.86 Force/unit area (MPa) -
3.63 3.74 4.67 %i bre ID (nm) 624/ 356 968/550 783/ 414 614/ 385 The SEMs
show that evemsiietadafitdrdiahfled REr TR Hitd MR i630afle MhdORI4 GPATO0 agent
I'Tow T1

resulted in the Tornati on of* a surface simlar to a re cast
wi t hout silica.. .Jhe appearance of, the faces of .the GTA and Ctroflex
hol | ow fmgf%{ﬁ’}rgﬁﬁgé%mﬁ eRplicg et t‘ﬁﬁﬁﬂfeﬁ@’ @f?‘ﬁ’ﬁf‘?’é?t%scép Y gives a nore
open surface. This openness is reflected .

60m/min). The production parameters are shown in table 6

TABLE 6 COATED MEMBRANES WITH SILICA

Parameter No Coating GTA Digol Citroflex 2
% Polymer 21 21 21 21

% Aerosil R972 . 3 3 3 3
Coating Flow (cc/min) | 0 10 10 10
Lumen Flow (cc/min) |5 5 5 5
Permeability (LMH 0 1354 1564 3296
@100kPa)

Bubble Point (kPa) 0 238 >50 155
Break Extension (%) - 118 523 71.1
Break Force (N) - 1.81 1.30 0.86
Force/unit area (MPa) | - 3.63 3.74 1 4.67
Fibre OD/ID (um) 624/356 968/550 783/414 614/385

The SEMs show that even with silica in the membrane the use of no coating
10  agent resulted in the formation of a surface similar to a hollow fibre cast without silica.
The appearance of the surfaces of the GTA and Citroflex hollow fibre membranes are
similar, but the Citroflex coating gives a more open surface. This openness is reflected

in the permeability and bubble point - the fibres coated with Citroflex have a much



in the perneability and bubble point - the fibres coated with G troflex
have a much WD 03/068374 PCT/ AU0O3/ 00179 -31 | ower bubble point and a nuch
hi gher pewowalbsd3ray t han the GTA coated sanples. The GIrAPamchu@BH0109| ex
coated nmenbranes with Aerosil had a péilmeability close to that of the
correspondi ng hollow fi bre nmenbrane sanpl es prepared w thout added silica.
The Di gol coated sanples have a very rough and i nconsistent surface, as
shown 5 by the poor bubble point. The sanples described herein were are
al | pr epalosgr bubbde poinf aride prolibighérpermeahilty thisvibe 61TA peated spmmles Ahe

di fference was observed between 30, 60 and 100m mn production rates in
casti ng aGYAamdtCigofanpdatsi mimbrasenpith Acousiltiadn rerhestdlityvddse cathabef | eached
fromthe fibres by the use of 10 caustic soda (sodi um hydroxide). Thus the

ef fect upgg cBH@sth&ﬂé’%%@H@w%ge RichilmeRahples %i_’é?ﬁred%iﬁ{dﬁi RédtdRiticeeachi ng an

uncoated sanple, a GIA coated sanple and a roflex coated sanple in 5wm %

o ted 1rom t HEDIbEERe b ARBETRELAOE il SR o ST C VES

fibre results an he SEMs of the | eached fibres follow 15 WO 03/068374
PCT/ A3/ Bt goor b%ﬂBl‘Et'? RESULTS FOR LEACHED SI LI CA POLY ( ETHYLENE
CHLOROTRI FLUORCETHYLENE) FI BRES Par aneter No Coati n% GTA Citroflex 2 %
Pol ymer 21 21 Phe ssamdes desqibes hgrein werazs all REFPATes At @ SOMMIE) Produdiiong

rate. However, no significant difference was observed between 30, 60 and 100m/min
production rates in casting any of the samples.
The samples contain silica that can be leached from the fibres by the use of

10  caustic soda (sodium hydroxide). Thus the effect upon the flow rate and bubble point
was determined by leaching an uncoated sample, a GTA coated sample and a Citroflex
coated sample in 5wi% aqueous caustic solution at room temperature (23°C). The Digol
sample was omitted from this process due to its poor properties. Table 7 below gives
fibre results and the SEMs of the leached fibres follow.

15



Lunmen Flow (cc/mn) 555 Perneability (LWVH - 5867 11294 @00kPa) Bubbl e
Point (kPa) - 150 107 Break Extension (% - 115 81.0 Break Force (N) -
1. 67 0. 98wOManes3funit area (MPa) - 3.36 5.43 Fibre O D | PCfuyuop/oe2d/ 356
968/ 550 614/ 385 Post -l eachi ng SEMs of-3he fibres show sone very inpressive
structures. Al of 5 the fibre cross sections are very open and in the
case of the sanple w thout coating, sone asym"retry The uncoated sanpl e
did not generate surface pores even after a | eaching in the case
of “39% i I TABLEST  nORBRULARFORLEACHIED SIMCAPORYGEIIULENE 2 hi gher
silica content in the dope m xture. The surfaces of any fibres are not

dr amat i caCHLOROIRIFH. OROGETHYLENE) FIBRES here is a significant change in
the porosity and bubble point 10 of the fibres, The G trofl ex coated

sanpl es p@ehmbeAChI Ng T ncredagsCoatidd ow bygmaar |y BSC@r)cmﬂg@zt 0 11294LMH)
but the |bubble p0| nt of the|fibres while @lready | ow gropped by 31%|(154
down to IP7KR; Fhis—Ts consistent—w tT i SEVs.—The BTAsanptes have WO
03/ 0683&@%%3/ 00179 ﬂ been consi st e]Fnt with theszzf results; theg
sanpl e w-th-Aerosil {(pre-legechingr—has—teo porton—pt—i-ts—Hhi 3h bybbl e
poi nt (490 434! R87238k Pa) \Wer eas per rreafj?’l ity is rell@ively unchanged
with the_addition of Aerosill - as would have bheen expected for the
Gi t r of | exCoatimgplew (&/PuSt - | ddchi ng howevef lQave a draretl ¢ 320% i ncrgase in
the flow (1354 up to 5687LNH) but a slightly larger drop in the bubhle
poi nt of | IBuftred BR% @ewink 0 13GkPa) . 5 5

Permeability (LMH - 5867 11294

@100kPa)

Bubble Point (kPa) - 150 107

Break Extension (%) - 115 81.0

Break Force (N) - 1.67 0.98

Force/unit area (MPa) - 3.36 5.43

Fibre OIDIID (urn) 624/356 968/550 614/385

Post-leaching SEMs of the fibres show some very impressive structures. All of
5  the fibre cross sections are very open and in the case of the sample without coating,
some asymmetry. The uncoated sample did not generate surface pores even after 5 days
of leaching in the case of 3% silica, although this may be overcome by incorporating a
higher silica content in the dope mixture. The surfaces of any fibres are not dramatically
altered after leaching, but there is a significant change in the porosity and bubble point
10  of'the fibres,

The Citroflex coated samples post-leaching increased in flow by nearly 350%

(3296 to 11294LMH) but the bubble point of the fibres while already low dropped by

31% (154 down to 107kPa). This is consistent with the SEMs. The GTA samples have



The nean of the break extension (BE) and break force (BF) results for the
GTA and for the Citroflex coated sanpl es were unchanged after 30-40hrs

| eachi ng WD 038683Ma0OH at room tenperature. This shows the ponaT@®s/oauTo

resul ting menbrane resist 10 caustic3dttack well. The use of 3%silica was
not sufficient to produce a hydrophilic nmenbrane. However it neverthel ess
opens up the nenbrane structure and inprove flows. Wth higher silica
content, up to around 6% the flow and bubbl e point do not  change

dr amat i cdieey conshyent meith these nesnltsthe sqmpleyitnAamsihipredeaching) Baslestthe presence
of 15 the silica is nost likely what induces the changes in the nenbrane
st ruct ur eportiart of itselsigh babisla point €H0 dolve te 388l wWiierdah perdmdabiity s ralaivelirodi f i ed
to get a better retention. The use of post treatnent agents in nodifying

t he propafich@sseafwitt the aliditibh 8f Aerosil resoalddsive be cte@fsr theICltrgilest
treatnment, involving soaking the Halar fibres in 50wt % aqueous gl ycerol

sol uti onéa 124h was conducted. The results shown below in 20 table 8
conpar e r fibres otherw se identical apart fromthe glycerol soak.

Soaki ng was en.to dramatical ly i.ncreasgnsihe perneabi kit t

merbr ane, froﬁﬁfg'ﬂ% ng%gp}{gﬁyga Bmaﬁg%?})é’alfj%%ﬁ?e lpghfh (\)/‘iv)r(b%f:ft1 u;?gtr%rreabi lity
of 138Lm 21i 1 at 100Kpa. WO 03/068374 PCT/ AUO3/ OOZ(I).Z_E -34 TAEL 8 POST
SOAKI NG 19¢8ELYEDRmt ams}iehibelasger dgapdp thebubble pgintf X7 Yrt288 donmyto é&%‘%@ueous

d ycerol 24h Sol vent 100% GTA 100% GTA Coating 100% GTA 100% GTA %

Pol ymer 21 21 CThatieag offhevbrédtextansiontBE) aikl Bregk foreq (Bionesmllis fprrhe 6T cc/ ni n)
55

and for the Citroflex coated samples were unchanged after 30-40hrs leaching in 5%
NaOH at room temperature. This shows the polymer and resulting membrane resist
10  caustic attack well.

The use of 3% silica was not sufficient to produce a hydrophilic membrane.
However it nevertheless opens up the membrane structure and improve flows.

With higher silica content, up to around 6%, the flow and bubble point do not
change dramatically from the results achieved with 3% Aerosil because the presence of

15 the silica is most likely what induces the changes in the membrane structure, not these
quantities. The surface of the fibre is also modified to get a better retention.

The use of post treatment agents in modifying the properties of ultrafiltration
membranes is known. One such post treatment, involving soaking the Halar fibres in
50wi% aqueous glycerol solution for 24h was conducted. The results shown below in

20  table 8 compare Halar fibres otherwise identical apart from the glycerol soak. Soaking
was seen to dramatically increase the permeability of the membrane, from being

impermeable before treatment to having a permeability of 138Lm™h at 100Kpa.



Haul Of (mmn) 80 80 Perneability (Lmh-) No flow 138 @ 100kpa \Water
Bubbl e Poi nt (kPa) >660 >660 HFE Bubbl e Point (kPa) - 200-250 Break

Ext ensi orwQ¥p/085314 131 Break Force (N) 1.14 1.14 For ce/ URCT/AArogao7dpa)
6.82 6.82 Fibre ODID 539/278 539/ 27834he ability of nenbrane synthesis
met hods to be scaled up to production levels is inportant. The processes
used to produce the large quantity of fibres must not only 5 be operable on
a small scale, they nmust al so robust enough to be capabl e of being scal ed
up for usd@ABLESnor BOSIHSOAKINGINGLYECERPEat , where sol vent systens, die
design and ot her production paraneters need to be re optinm sed. WO

03/ 06837¢FPE&@ﬁetHrJO3/ 00179 -3%Hdlaral s were initial|lHalaonducted on a system
used for |the comercial preparation of PVDF menfjranes by a TIPS process.
(han v 41 The broduct i on piranet e s aratas chodn | a Ehe Rl T o vt At e
Coat ing DPPPAFT ox 2 Lunen 1000BGoT Pol ymer corconet atton 2106 |

Coating 100% GTA 100% GTA

% Polymer 21 21

Coating Flow Rate (cc/min) | 2.5 2.5

Lumen Flow Rate (cc/min) | 5 5

Haul Off (m/min) 80 80

Permeability (Lm™h™) No flow 138

@100kpa

Water Bubble Point (kPa) | >660 >660

HFE Bubble Point (kPa) - 200-250

Break Extension (%) 131 131

Break Force (N) 1.14 1.14

Force/Unit Area (Mpa) 6.82 6.82

Fibre OD/ID 539/278 539/278

The ability of membrane synthesis methods to be scaled up to production levels
is important. The processes used to produce the large quantity of fibres must not only
5  be operable on a small scale, they must also robust enough to be capable of being scaled
up for use in a more typical production format, where solvent systems, die design and

other production parameters need to be re optimised.



Barrel Tenperature 230C Solvent injectors 230C Throughput 100cc/ mn
Screw speed 250rpm Die Tenperature 230C As with the earlier trials, the
extruder woodoet37was conpletely optically clear and honogemeaws/ooiThe fi bre
was spun through a conventional TIPS -di% configurations at a tenperature’
of 230C, with a long (150nm stemin which Ctroflex 2 coated the fibre. 10
Finally the fibre enmerged into a glass tube with PEGOO as the quenching
media. There was no air gap and the |unen Ii((qiui d was diethylene glycol

(di gol). The THtials vt condirased drag system heeddpoibe comaereis] RRARAIAT t abl e
10. WD 03/068374 PCT/ AU03/ 00179 -36 TABLE 10 - Cl TROFLEX 2 COATED FI BRES
Par anet er of PVD&frhé@xbrandsdatd TIPS frocss.y T maih diffatchey wdrevhe(usebfPEG200 Lunen
Flow (cc/mn) 5 Perneability (LMH @00kPa) 2596 Bubbl e Point (kPa) 400

Break Ext gngikqiedcHilvtid 3aler BaLRsteFOr ce (N) 1.3 Force/unit area (MPa) 8.38
Fibre OO/ ID (um 626/ 439 The SEMs show a fibre with a norphol ogy exhibiting

a_uni for m ¢1 0Sgy s el Ot Mok i BorsShd MhofR9E B8 Bflo@RYTIRb bY- Al SO apparent

is a very coarse pore cturé on the su
5 TABLE9 PRODUCTION PARAMETERS

Parameter Value
Solvent Citroflex 2
Coating Citroflex 2
Lumen 100%Digol
Polymer concentration 21%

Barrel Temperature 230°C
Solvent injectors 230°C
Throughput 100cc/min
Screw speed 250rpm
Die Temperature 230°C

As with the earlier trials, the extruder product was completely optically clear and
homogeneous. The fibre was spun through a conventional TIPS die configurations at a
temperature of 230°C, with a long (150mm) stem in which Citroflex 2 coated the fibre.

10  Finally the fibre emerged into a glass tube with PEG200 as the quenching media. There
was no air gap and the lumen liquid was diethylene glycol (digol).

The Trial produced fibres having the properties as shown in table 10.



5 with skinned areas i n between.
the sone of the

hi gh break extension

(BE). This trial

These ski nned areas probably account for
denonstrates that

di f f er entwoQuwef64374 i qui ds can be used to produce a nenbram€TMB/OGITO

accept abl e structure.

is very

close to the cloud point,

This is facilit&bed by the fact that the Hal ar dope
enabling the use of nost types of

non-sol vent suitable to 10 the process as a quench fluid giving slightly

different structures.

However as explained below, given the good structure

wi t h wat EFABLEnH) < GITROFLEX2- COATHD FEBBRESH| e - it does not appear
necessary to use another quench type. A second trial was conducted with a
sim | ar |dope using pagamdtbe head extrpder asCitBéfaR Coatingiure | It is
particularly preferred if the die is pf a stemconfiguration. In 15 figure
| b, 13 ifs—tte Toal"l_gé;l; 1| Ui, 12T st np polymer soigxion (dope) and 11 is
the | umen WO 03/ 068374 BET A3/ 00179 -37 fl uid. e stem can be of any
| engt h, but particularly is between05—-and—150mnso—that—the—¢oating
covered [t he surfag@ngFflow{ec/B¥un fi bre| evenly. The Hir gap, the distance
between | the die tip and the quench, ran be any length but is nost
advant ageousl y bgiwgao® (éislin) 10mm  The producti onsparaneters arie shown in
the attached table. 5 TABLE 11 PRODUCTI ON PARAMETERS Par anet er |Val ue
Sol vent [GTA, 8b GIA, G trofTex Zggg-unmen 100% DOi go
Pol ymer Cbncen’héﬁﬁmﬁfgﬁ%iggrr%?gTenpprature 230C Sol vent injectors 230C
Thr oughput—1008eefm
Bubble Point (kPa) 400
Break Extension (%) 145.8
Break Force (N) 1.3
Force/unit area (MPa) 8.38
Fibre OD/ID (um) 626/439
The SEMs show a fibre with a morphology exhibiting a uniform cross section with a
slight degree of asymmetry. Also apparent is a very coarse pore structure on the surface,
5  with skinned areas in between. These skinned areas probably account for the some of the
high break extension (BE).
This trial demonstrates that different quench liquids can be used to produce a
membrane with an acceptable structure. This is facilitated by the fact that the Halar dope
is very close to the cloud point, enabling the use of most types of non-solvent suitable to
10  the process as a quench fluid giving slightly different structures. However as explained
below, given the good structure with water — the cheapest non-solvent possible — it does
not appear necessary to use another quench type.
A second trial was conducted with a similar dope using a triple head extruder as
shown in figure 1b. It is particularly preferred if the die is of a stem configuration. In
15 figure 1b, 13 is the coating fluid, 12 is the polymer solution (dope) and 11 is the lumen



Screw speed 250rpm Die Tenperature 230C A plate was selected in preference
to a long stem the aimbeing to reduce the contact tinme between the

coati ng fwoiod/oessd4 t he spun fibre. This was changed from 1PCrwemm79t o - 5mm
of plate plus a very small air gap (-5 so that the coating contact tine
is a 10 small as possible. Following this the fibre entered directly into a
wat er quench. Both the tenperature of the coating fluid and the total
contact tinme have a significant effect upon  the structure of the fibre
surface. fiwid. Shaste of by knﬁhe@tl?@méﬂdhﬂblstbeWQﬁﬂfq St B s@ Hdt sur f ace
structure conpared to the initial production trial. The tenperature of the
di e and cthetoatmgwerered dfe sorfhe dffhaspuu fibtesdvenkyofihe ail pay thendisthecebetyssent
trials. The coating tenperature in the second trial was WO 03/ 068374

PCT/ AUO3/ 3@ b7esip mﬁ&h@é@e@chfc%b& aigthyth bt nideNdvahhge SRR betgedne@EY at ur e

for the preV| ous trials. This dlfference has a dramatic effect upon the

ronbr ane R e BB SunBBKRTAl gl R TR ARRge vere aken with GTA

and Citro rent pro uctlon rates (30 and

60m m n). Sanmples with GIA as sQl ve e only 5 taken with a GTA
coatiny ahABLEE s@R@PU§]EmPMI¥ﬁgesults are shown in table 12

and in the figures, which show representative exanples of the menbranes.
Fi gure 2 |iRaramstvl whi ch shows a Hal &falwmenbr ane prepared at a production
rate of |6Om mn and coated with Cijtroflex at a rate of 7.5 cc/mn| Figure
3 is a SEM,eh shows a Halar nendrgmne qitepsy 2d at a production rate of
10 80m miin and coated with GIA at a rate of 2.5 cc/min. WO 03/ 06834
PCT/ AU03/ KeExesm —39—TABLE12PR &mdﬁgﬁ“gc@ﬂ—%ﬁﬁfrﬁb—wﬁmﬂNEs

Lumen 100% Digol

Polymer Concentration 21%

Barrel Temperature 230°C

Solvent injectors 230°C

Throughput 100cc/min

Screw speed 250rpm

Die Temperature 230°C

A plate was selected in preference to a long stem, the aim being to reduce the contact
time between the coating fluid and the spun fibre. This was changed from 150mm down
to ~Smm of plate plus a very small air gap (~5mm) so that the coating contact time is a

10  small as possible. Following this the fibre entered directly into a water quench. Both the

temperature of the coating fluid and the total contact time have a significant effect upon
the structure of the fibre surface.

The SEMs showed the fibres to exhibit a difference in the surface structure compared
to the initial production trial. The temperature of the die and coating were far more

15  accurately controlled in the present trials. The coating temperature in the second trial was



Paranmeter Citroflex 2 GIA % Pol yner 21 21 Coating 5 7.5 10 57.51 25 2.5
2.5 Flow (cc/mn) Lunen 55555515555 Flow(cc/mn) Hauloff 60
60 60 80 WO 0BO6BM 60 80 100 (M m Permeabilit 263 3515 3P6T/AAB66013909 38 19
64 - 57 y (LM 2H1 3 0 100kPa) Bubbl-#8250 350 400 350 350 >660 >660 >660
>660 >660 Point (kPa) Break 66 53 29 42 57 185 184 168 131 132 Extension
(%9 Break Force 0.9 0.84 0.71 0.74 0.6 1.36 1.26 1.45 1.14 1.26 (N) 6 9

Coree! UL oshed il B oo e Smige hrmae e oo oS
380 376 /32 356 393 393 278 271 8 6 Unlike the results obtained in the
initial trdiffpreneethas ¢ drdmatisseffeet wodules memtFhne surbace structure.
Several different samples were taken with GTA and Citroflex 2 coating at two
different production rates (30 and 60m/min). Samples with GTA as a solvent were only
5  taken with a GTA coating and likewise for Citroflex 2. The results are shown in table 12
and in the figures, which show representative examples of the membranes.
Figure 2 is a SEM which shows a Halar membrane prepared at a production rate of
60m/min and coated with Citroflex at a rate of 7.5 cc/min.

Figure 3 is a SEM which shows a Halar membrane prepared at a production rate of

10  80m/min and coated with GTA at a rate of 2.5 cc/min.
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Unlike the results obtained in the initial trial, the surfaces here due to GTA and

Citroflex are no longer similar and the Citroflex coating gives a less open surface,

contrary to previous trials. This is most likely due to the increase in coating temperature,

since at higher temperatures both the Citroflex.2 and GTA become more aggressive as a

solvent. The Citroflex is most likely starting to re-dissolve some of the surface of the fibre

before final precipitation is forced thus solidifying the structure.

10

The internal membrane structure also appears to be affected — the pores internally with

whose pores appear very small and tightly packed. This is reflected in the permeability

and bubble point — the fibres with Citroflex 2 as the solvent have a water bubble point

Citroflex 2 as a solvent appear far coarser than those in the structure with a GTA solvent,



menbrane. Sonme simlar sanples to those OF tested were soaked in dycerol
before drying to prevent any possible pore collapse. This enhanced the
per meabi IWDy30683the nmenbrane up to 138 LVH from 0, and explraiues/ootie poor
perneabilities in the OF tests. WO 034068374 PCT/ AU03/ 00179 -41- TABLE 13
UF RESULTS GTA solvent/Coating 1 cc/mn Coating Sanple Tinme LMH Ethanol
02:49:04 6.17 clean water 3:11:19.0 15.90 1 1:20:00.0 10.34 2 2:51:05.0
11.74 3 3:51:05.0 12.36 Figure 4 shows protein retention over time on a
Hal ar memninchiewerdasEA0WPanb@hAech highes permeability @SPOr3THAME) tiantheand GraA
sanples at 80mmn and the 100 m m n sanples (GIA) production rate show
very |it QT codiddvaaipia. Givematriglaoufaspartie Giroflex fibnisrthsarblegoiitn  f | ow
surface structure, and no difference is apparent in either “BE, BF or

per meabi ch)ﬁmbe%%e%tﬁégéh&gﬁh{mhwedl he Halar fibres provides a

remar kabl e amount of control over both the structure and porosity of the

fibre surfage. | ower coatin l,ow r at till d@e fibre
per meabl e %%ﬁhﬁﬂ@\l\@gs‘ ﬁ?@e%%ﬂ?é}opvf}’gr ea?ledgsa!maél ﬁ?‘gﬁg‘%gﬁj‘gu ng&nﬁT %sw rate
gives a far nore open surface. It is jnteresting.is that the perpeability
of thé 1allbad water Subkle panfsdarfrghey thap mmes%?ﬂqﬂ‘? F”@ﬁﬁuﬁéi’%teé%{éﬁ sanpl es,
yet the fibre surface appears far |ess porous. This suggests that the

i nt er nal tgpbe i the regidns80Pe90pkBardihkse sTmples jappeangoreseleqrhicasyiparedag then the
controlled accurately then either the polymer concentration can be 15

decr easegapleSivith@hd EXroRlexigaslt@Soenttioutmt. t o i ncrease the permeability,
all while

The samples were tested for their capability for ultrafiltration. Initial tests showed a
HFE bubble point of between 200 and 300kPa. This correlates to a membrane with pores
10  approaching — if not already within — the UF range. Consequently one sample was tested
for protein retention with Immuno Gamma Globulin (IGG, MW = 120kD). The sample
tested was the first of the GTA coated samples with 1 cc/min of coating. The sample
retained >95% of IGG, close to a known UF membrane possessing a retention of 98%.
These fibre samples were not treated with glycerol, as is standard practice for UF-style
15 membranes. Glycerol prevents very small pores from collapsing upon drying the
membrane. Some similar samples to those UF tested were soaked in Glycerol before
drying to prevent any possible pore collapse. This enhanced the permeability of the

membrane up to 138 LMH from 0, and explains the poor permeabilities in the UF tests.
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Figure 4 shows protein retention over time on a Halar membrane coated with GTA at

lce/min.

Both Citroflex 2 and GTA samples at 80m/min and the 100 m/min samples (GTA)

production rate show very little difference from the corresponding 60 m/min samples in

flow surface structure, and no difference is apparent in either %BE, BF or permeability.

Using GTA as a coating for the Halar fibres provides a remarkable amount of control

over both the structure and porosity of the fibre surface. A lower coating flow rate still

10

seems to keep the fibre permeable and enhances the asymmetry, whereas a higher coating

flow rate gives a far more open surface. It is interesting is that the permeability of the 1

cc/min samples is not vastly different from the 5 cc/min samples, yet the fibre surface

appears far less porous. This suggests that the internal pore size is very small. Thus if the

surface porosity is controlled accurately then either the polymer concentration can be

15

maintaining excellent bubble point/retention characteristic of the fibre.

decreased or Citroflex 2 used as a solvent to increase the permeability, all while



In a simlar fashion, three to four fibres approximately 10cm | ong were
made 25 into a |loop and the cut ends sealed in epoxy glue. A solution of
M52 type wWDroa®es3at a WO 03/ 068374 PCT/ AUD3/ 00179 -43 feedcaoximentr’at i on of
approxi mately 30000 units per m was fi4%ered through this potted fibre.
The log retention of virus was cal cul ated and determ ned to be 4. 30.
Typically, a nenbrane having a viral |og reduction of value of greater
than 4 is idered ltrafiltration menbrane. 5 Perneability The
per neabi | |f€xif" el ?kﬁ?ggﬁaﬂgﬂ?ft he sanme batch as used for the dextran and
virus retention tests was al so deternm ned. Three to four |ooped and potted
10 cmfibres wAPROKERAtely 1688 op salvena hETAy Givofex Powasmplnesd intohglagsor onet er
allows water to be filtered at 100kPa pressure fromthe outside of the
fibres to tehwicnnsseidwathc thetmddoupls ghodklrol te thinperateadstiritRohfifBuEEgui r ed
to pass 1 Oal of water is recorded and used to calculate the perneability
in 1itres/#wekekentRheatthit€ D309 Bdisie RpSDEMhatEIISH ' be 300
litres/meter2. hour. The dextran, vi reugﬁgngﬁ%e?mg\g?ﬁag%%?zggwm%%g&gd

r epr oduce cond hat ch..of | ar,, hol | ow ti ber, nmenbr.anes prepared
under iujgegtto ?@%%Sgeghgl?? R Otoixlgeragf ()ll‘éelé_ﬁfq?lg]é'l a“flégﬁlaﬁlgwe%o ¥ éorc@t THERes
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to make ul5RHF@SERRLS FPOSARETFORIUGR Was pawted Aoa s sk end patoarslass plats own
forms a particularly good nenbrane with an excell ent bubble point and

cl ean wat awrelsetedda 209Gy Thoddyierves. théfhapidtidipreainacadss caplarositpaglasi birca adds
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10 thickness was obtained. The cast membrane rapidly cooled and solidified to form a flat
membrane sheet, which was washed in ethanol and dried in air.
VIRUS RETENTION RESULTS
A sample of Halar hollow fibre membranes were prepared in accordance with
the methods disclosed herein. The sample was prepared from a dope containing Halar
15 901LC at a concentration of 21%, with a coating flow of 0.3ml/min. The coating, the
solvent and the lumen were all GTA. The quench was in water at 15°C.

Dextran Retention:

Three to four fibres approximately 10cm long were made into a loop and the cut
ends sealed in epoxy glue. 148kd Molecular weight Dextran was filtered through this
20 potted fibre. The feed & filtrate concentration was measured using HPLC and the
percentage dextran retained by the fibre was calculated. Approximately 25% of the
dextran was retained.

Virus Retention:

In a similar fashion, three to four fibres approximately 10cm long were made

25  into aloop and the cut ends sealed in epoxy glue. A solution of MS2 type virus, at a



WO 03/ 068374 PCT/ AU03/ 00179 -44- CLAIMS 1. A porous polyneric
ultrafiltration or mcrofiltration rrenbrane i ncluding Halar and forned

wi t hout tweomessof a toxic solvent. 2. A porous pol yneri c partatasiodtrs ati on
or microfiltration menbrane accordingt-5 claim1l in the formof a hollow
fibre or flat sheet. 3. A porous polyneric ultrafiltration or
mcrofiltration rrenbrane according to claim1l havi ng an asymmetric

Cross- secttt e% di stribution defini ngi a large- pore face and a
smal | - por €°F %06“’ fra %&%PBH@XH{WW@PPQO vtsRer ilovastfilisredothraneh s pettedat i on
menbrane according to any 10 one of the preceding clains wherein the

menbr ane ealh® r§¥62801i1 af vikes W@ﬁf@l&cu@t@p ang deteym@adh to Be 480 diypirmllpod ymer i c
ultrafiltration or mcrofiltration nmenbrane according to any one of clains

1 to 4 formendbiaye hinangralvirgl lopdetietopbbratuseimeati thin 4 s cohsiiRfd4s bpgh YNeri c
ultrafiltration or mcrofiltration menbrane according to any 15 one of

clains 1 tmtrﬁiltraﬁd,ruﬂﬂeﬂmrdﬂ@cl ude one or nore materials conpatible with
Halar. 7. A porous polymeric ultrafiltration or microfiltration menmbrane

accor dishg ﬁ_@%&% i ncluding a species adapted to nodify the chem cal

behavi our © rane. 8. A porous polyneric ultrafiltration or
mcrofiltration.,menbrane.accardin 0 aim6 aor 7 including a nodifying
agent to modi f&q Wgnﬂff"g’elbtb’l‘??%? cﬁﬂ?rg #"Olﬂﬁg‘? oot psused donyhe derangndt he
menbrane. 9. A porous polyneric ultrafiltration or mcrofiltrati on nmenbrane
accor di ng s reé‘F’Hi% testsRE Alse detrtraineh hbibiee to for loappd prslipotprd iprmen Fbres

ultrafiltration or mcrofiltration nmenbrane according to clains 8 which is
hydr ophi | i%ere tested for permeability on a “porometer”. The porometer allows water to be

filtered at 100kPa pressure from the outside of the fibres to the inside and out through

10 the fibre ends. The time required to pass 10ml of water is recorded and used to
calculate the permeability in litres/meter®. hour, which in the present case was
determined to be 300 litres/meter”.hour.

The dextran, virus and permeability test were reproduced on a second batch of
Halar hollow fiber membranes prepared under identical conditions and identical results

15 were obtained, suggesting that there were no reproducibility problems in the use of
Halar to make ultrafiltration and microfiltration membranes.

Halar on its own forms a particularly good membrane with an excellent bubble
point and clean water permeability combined. The addition of coatings and silica adds
another dimension to the membrane properties.

20 While the invention has been described with reference to particular
embodiments, it will be understood by those skilled in the art that the inventive concept

disclosed herein is not limited only to those specific embodiments disclosed.



WO 03/ 068374 PCT/ AUO3/ 00179 -45 11. A porous polyneric ultrafiltration or
mcrofiltration nmenbrane according to any one of the preceding clains and
pr epar ed Womgioes3gol uti on contai ning one or nore conpound®PCaCd®BMIITY t o
formula | or formula Il: COORS pOOCRi-44R4 COOR2 or R4 OOCR2 COORS OCCR3 |
Il 5 wherein Rl, R2 and R3 are independently nethyl, ethyl, propyl, butyl,
pentyl, hexyl or other alkyl; R4 is H OH COR5 OCOR5, nethyl, ethyl,
propyl, butyl, pentyl, hexyl or other alkyl, methoxy, ethoxy, propoxy,

but oxy, pehAdMP, hexoxy or other al koxy, R5 nethyl, ethyl, propyl, butyl,
pentyl, hexyl or other alkyl. 10 12. A porous polyneric ultrafiltration or
m crofiltt.ati oA poesdspahenaradirgiiigtitoor micasfiitratonvmembianeRiciudigg HaRg = et hyl
and R4=H. 13. A porous polyneric ultrafiltration or mcrofiltration

menbr ane JRCeHAEDFithSut thd @deBrhido¥Be6KRbm. t he compound of fornula | is citric
acid ethyl ester. 14. A porous polyneric ultrafiltration or mcrofiltration

menbr ane ?_ccor ﬂ'ﬂ%?%&s%fﬁe,g&' Al hkh2a00er Sl dofifs aﬁgﬁ:&pﬂlef}fccgﬁ{n@%a I is

gl ycerol Triaceta porous polyneric ultr ration or
mcrofiltration ran ording t n one of clains 11 to 14 wherein
the compotlAER Fn&%%ﬁf?g@ioW%bfesor&é%%’é pol yner sol vent and/or coating
agent. 16. A porous polyneric ultrafiltration or mcrofiltratjon
ul'trafilt3ati oft Rorouspohmestistylirafilimatiohomifse HHat ISR e SRPPEIIEO and
incorporating a | eachable agent. 17. A porous polyneric ultrafiltration or
m crof i | t¢laim ®haviegin asyenmettiorcddssgedttmnal pore size distribution defining a large-

pore face and a small-pore face.

4. A porous polymeric ultrafiltration or microfiltration membrane according to any

10  one of the preceding claims wherein the membrane has a pore size in the range 0.01um

to 20um.

5. A porous polymeric ultrafiltration or microfiltration membrane according to any

one of claims 1 to 4 formed by thermally induced phase separation.

6. A porous polymeric ultrafiltration or microfiltration membrane according to any
15  one of claims 1 to 5 including include one or more materials compatible with Halar.

7. A porous polymeric ultrafiltration or microfiltration membrane according to

claim 6 including a species adapted to modify the chemical behaviour of the membrane.

8. A porous polymeric ultrafiltration or microfiltration membrane according to

claim 6 or 7 including a modifying agent to modify the hydrophilicity / hydrophobicity
20  balance of the membrane.

9. A porous polymeric ultrafiltration or microfiltration membrane according to

claim 8 which is hydrophobic.

10. A porous polymeric ultrafiltration or microfiltration membrane according to

claims 8 which is hydrophilic.



claim 16 wherein the | eachable agent is silica. WO 03/068374 PCT/ AU0O3/ 00179
-46 18. A porous polyneric ultrafiltration or mcrofiltration nmenbrane
accor di ngwoe3/oed3ad m 16 or 17 wherein the | eachabl e agent PETpN@3SOOM9i N an
amount of from 10 to 50wm % of the fi+dl- polymer. 19. A porous polyneric
ultrafiltration or mcrofiltration menbrane according to any 5 one of
clains 16 to 18 wherein the | eachable agent is present in an anount of
30wt % of the final polyner. 20. A porous polynmeric ultrafiltration or
microfi | t tht i oA PRSP RANENericcHrafiligtion onpcrolilation membrans agqordieto apker ei n
the silica is hydrophobic silica. 21. A porous polyneric ultrafiltration or
m crof i | t o ofithe pracbdiag elamocanddirapprediroth® soldiom @taiieg encmorteresi lica is a
fumed hydrophobic silica. 22. A porous polyneric ultrafiltration or

m crof i | t ¢hpAmdEBEdHAE tefor@iRIING férenddIl: Wwherein the silica is Aerosil
RO72TM . 23. A porous polyneric ultrafiltration or mcrofiltration

menbr ane according to ne of clains 19 wherein the silica is
hydrophilic silica. qugﬁoﬁﬁ por ous ponné@%%ﬁbltrafiItration or
mcrofiltration menbrane according to |[claim23 wherein the silicais a

f umed hydrophiliﬁ%sL_ng3 . Ryrpor Operic ultrafiltration or
mcrofiltration nmbrane acCording to |claim24 wherein the silica is
Aerosil 200 Tm 26. A porous polyneric |ultrafiltration or mcrofiltration
menbr ane formed from—2D0B&sar and cont'ar@Q@Rsi | i ca and wherein said

pol ymeric porous Hal ar nenbrane has a coating of a coating agent i ncluding
of one or nore conpoundp according to fornuhp Il or Il:

5  wherein Ry, R, and Rj are independently methyl, ethyl, propyl, butyl, pentyl, hexyl or
other alkyl;
R4 is H, OH, CORs, OCORs, methyl, ethyl, propyl, butyl, pentyl, hexyl or other
alkyl, methoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy or other alkoxy,
Rs methyl, ethyl, propyl, butyl, pentyl, hexyl or other alkyl.
10 12, A porous polymeric ultrafiltration or microfiltration membrane according to
claim 11 wherein R; =R, = R3 = ethyl and R=H.
13. A porous polymeric ultrafiltration or microfiltration membrane according to
claim 12 wherein the compound of formula I is citric acid ethyl ester.
14. A porous polymeric ultrafiltration or microfiltration membrane according to
15 claim 12 wherein the compound of formula I is glycerol triacetate.
15. A porous polymeric ultrafiltration or microfiltration membrane according to any
one of claims 11 to 14 wherein the compound of formula I or II is used as polymer
solvent and/or coating agent.
16. A porous polymeric ultrafiltration or microfiltration ultrafiltration or
20  microfiltration membrane formed from Halar and incorporating a leachable agent.
17. A porous polymeric ultrafiltration or microfiltration membrane according to

claim 16 wherein the leachable agent is silica.



WD 03/ 068374 PCT/ AU03/ 00179 -47 COORS OOCRL R4 COOR2 or R4 OOCR2 COORS
OOCR3 | Il wherein RlL, R2 and R3 are independently nethyl, ethyl, propyl,
butyl, pewDyB/joed3exyl or other alkyl. R4 is H OH COR5, @CORAIj03net7hyl ,
ethyl, propyl, butyl, pentyl, hexyl ofd4@ther 5 alkyl, methoxy, ethoxy,
propoxy, butoxy, pentoxy, hexoxy or other al koxy, R5 nethyl, ethyl, propyl,
butyl, pentyl, hexyl or other alkyl. 27. A porous polyneric ultrafiltration
or mcroflltratlon menbrane according to, claim 26 wherein RL= R2 = R3 =

et hyl andl®4=HA BEousPPpmene uivefilrtien er prietpEiyation mangransy ackordingtol t r at i on
menbr ane according to 10 claim 26 or 27 wherein the conpound of fornula I

or Il is eckimAddiordimreteh the leachabidhgent popresenbint anodrhoung ofiffemt 10 83S0wA¥por ous
polymeric ultrafiltration or mcrofiltrati on menbrane according to any one
of cl ai msoRthetfimaPPolvdmer.ei N t he conpound of fornula | is citric acid ethyl
ester. 30. A porous polyneric ultrafiltration or mcrofiltration nenbrane

accordi ngq1$o a@&(ﬂ% ﬁm&ﬁcE%%ﬂﬁ§m3§o¥ﬁn8§ﬁwﬁﬁbﬁ P& %}ﬁﬁ&ﬁ%ﬂ&ﬁo formil a

Il is glycerol T ac porous polyneric u tratifon of

v ng a. R R0y s el BB S i G B SR S PO B Tt on

or mcrofiltratiaon according to any one of the preceding clains having a
good macr 8% EOliYWFégrity 20 33. A porous polyneric nmenbrane
ultrafiltration or mcrofiltration according to any one of the preceding
cl ai s ha%d.ng drdrowsmolgheéric dirgfilrasion or microfiltration membrane according to any

one of claims 17 to 19 wherein the silica is hydrophobic silica.
21. A porous polymeric ultrafiltration or microfiltration membrane according to

10 claim 20 wherein the silica is a fumed hydrophobic silica.
22. A porous polymeric ultrafiltration or microfiltration membrane according to 21
wherein the silica is Aerosil R972™.
23. A porous polymeric ultrafiltration or microfiltration membrane according to any
one of claims 17 to 19 wherein the silica is hydrophilic silica.

15 24. A porous polymeric ultrafiltration or microfiltration membrane according to
claim 23 wherein the silica is a fumed hydrophilic silica.
25. A porous polymeric ultrafiltration or microfiltration membrane according to
claim 24 wherein the silica is Aerosil 200 ™.
26. A porous polymeric ultrafiltration or microfiltration membrane formed from

20 Halar and containing silica and wherein said polymeric porous Halar membrane has a
coating of a coating agent including of one or more compounds according to formula I

or II:



WO 03/ 068374 PCT/ AU03/00179 -48 34. A porous polyneric ultrafiltration or
mcrofiltration nmenbrane according to any one of the preceding clains

havi ng hiwb oawedsani cal strength. 35. A nethod of nmaki ng aPparaaws/omodymeri c
ultrafiltration or mcrofiltration matdérial conprising the steps of 5 (a)
heating a m xture conprising Halar and a solvent systeminitially
conprising a first conponent that is a |latent solvent for Halar and
optionally a second conponent that is a nagn-solvent for Halar wherein, at
el evat ed tenperature(—ga®ﬁfﬁdissolves im ol vent systemto provide an
optically clear solution, (b) rapidly gooling the solution so that

non-equi I i bri um Li qui dhd ﬁg{gd phas se arﬁ (ﬂg 10 takes place to forma
conti nuous poly r (IB ont i nJo pol ymer | ean phase with the
two phases being intermngled in the fagrm of bicontinuous matri x of |arge
interfacial area, (C)_Q_g{g Ui ng cool i g@j@ﬂ; the polyner rich phase
solidifies; and (d) renovi t he pol yner |ean phase fromthe solid
polymeric material. 15]36. A met hod of manufjacturing a mcrofiltration or
ultrafiltration nenbrane including the step of casting a nenbrane froma

ol ymer coQnposi ud| he u Se of . a toxic solvent.
g? yA met HoO™ B kf’gfgzrﬁrﬁ}:“aarﬁ GBWG?PW glefhy? étP}l HrPB : BHYh Pelﬁtiyﬁ :118’FYSII°Fr ation
Hal ar merrbrane onprising: 20 formng a blend of Halar with a conpatible
sol vent; g said blend into a hollow fibre shape; contacting an
i nt er nal I urren surface of said blend wwth a lumen formng fluid; inducing
t her mal | y i ndudeds Ph&3k GRRa OLA0R, niethyd, aitlayl pprepy, butyt, pentyl hboyllopwtifer br e
menbr ane; and

5  alkyl, methoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy or other alkoxy,

Rs methyl, ethyl, propyl, butyl, pentyl, hexyl or other alkyl.
27.  Aporous polymeric ulirafiltration or microfiltration membrane according to
claim 26 wherein R; = Ry = Rj3 = ethyl and Ry=H.
28. A porous polymeric ultrafiltration or microfiltration membrane according to
10  claim 26 or 27 wherein the compound of formula I or II is an environmentally friendly
pore controlling agent.
29.  Aporous polymeric ultrafiltration or microfiltration membrane according to any
one of claims 26 to 28 wherein the compound of formula I is citric acid ethyl ester.
30. A porous polymeric ultrafiltration or microfiltration membrane according to any
15 one of claims 26 to 28 wherein the compound of formula I is glycerol triacetate.
31.  Aporous polymeric ultrafiltration or microfiltration membrane according to any
one of the preceding claims having a high permeability.
32.  Aporous polymeric membrane ultrafiltration or microfiltration according to any
one of the preceding claims having a good macroscopic integrity.
20 33. A porous polymeric membrane ultrafiltration or microfiltration according to any

one of the preceding claims having uniform wall thickness.



25 renmoving the solvent fromthe nmenbrane. WO 03/068374 PCT/ AUO3/ 00179 -49
38. The nethod of claim36 or 37 further including the addition of a pore
control l iwgosagssmt . 39. The nmet hod of claim 38 wherein thecgoy@3oartvrol | i ng
agent is an environnentally friendly-4%vent. 5 40. The net hod of claim 38
or 39 wherein the pore controlling agent is glycerol triacetate. 41. The
nmet hod of claim 38 or 39 wherein the pore controlling agent is citric acid
ethyl ester. 42. A nmethod according to any gne of clainms 37 to 41 wherein

t he Hal ar 3fs preB¥As palymperc uhafiliraien or migelilirationmemnbrgnngccprdipg tpAY50, 43,
A nmet hod according to any one of clains 37 to 42 wherein the Halar is
present ione vfithelprardingrclams having bighangphagicdlrstrengtB- 23% 44. A net hod
according to any one of clainms 38 to 43 wherein the lunen formng fluidis
digol. 15345. A nethoddfatkaisd polishoiierdatafiltelioh 0B nd&ofiirafiénwher ei n t he
process is conducted at above 200C 46. A nmethod according to any one of

clains 38,10 &h rgcess is conducted at above 220C. 47. A
nmet hod of aorn%?%g gﬁﬁo?ﬁ)ew i tg)r'e Hal ar ultrafiltration or mcrofiltration

20 nmenbra compri si.ng: formn bl end o | ar wi th conpat i bl ol vent;

orm . ol RIS SIS AT ARt Sl H R SRR fuat

surface of said blend with a coating fluid; . i
component that is a latent solvent for Halar and optionally a second component that is a

non-solvent for Halar wherein, at elevated temperature, Halar dissolves in the solvent
system to provide an optically clear solution,
(b) rapidly cooling the solution so that non-equilibrium liquid-liquid phase separation

10 takes place to form a continuous polymer rich phase and a continuous polymer lean
phase with the two phases being intermingled in the form of bicontinuous matrix of
large interfacial area,

(c) continuing cooling until the polymer rich phase solidifies; and
(d) removing the polymer lean phase from the solid polymeric material.

15 36. A method of manufacturing a microfiltration or ultrafiltration membrane
including the step of casting a membrane from a polymer composition including Halar
without the use of a toxic solvent.

37. A method of forming a hollow fibre ultrafiltration or microfiltration Halar
membrane comprising:

20  forming a blend of Halar with a compatible soivent;
forming said blend into a hollow fibre shape;
contacting an internal lumen surface of said blend with a lumen forming fluid;
inducing thermally induced phase separation in said blend to form a hollow fibre
membrane; and

25  removing the solvent from the membrane.



contacting an internal lunmen surface of said blend with a [ unen form ng
fluid; WO 03/068374 PCT/ AU03/00179 -50 inducing thermally induced phase
separ at i owoin/oess74l bl end to forma hollow fibre nenbranepPcandioanoracti ng
the solvent fromthe menbrane. 48. A m#t%hod according to claim47 wherein
the coating fluid is selected fromone 5 or nore of glycerol triacetate,
citric acid ethyl ester and digol. 49. A nethod of form ng a polyneric

hol |l ow fi b ultrafiltration Qr. m.crofiltratjon_ nenbrane including the
steps of: Prepatihige Oﬁéieﬁgﬂg@ééffmmi@g theRidisine ofapare Contmﬁmg
incorporating a | eachable pore form ng agent into the dope; 10 casting a
menbr ane; 8§81 eachi ng said | eachabl e pore form ng agent from said menbrane
with said | eachant. 50. A nethod according to claim49 wherein the

| eachabl e }br e Tiormiethgd afelaim B8 vdrrein therppancantdllirighgeht i§ adn aver age
particle size less than 1 mcron 51. A nethod according to claim49 or 50

wher ei n th@lvl@fhﬁgﬁbﬂyﬁﬁgﬂag,gdwéﬂt_ng agent 15 is leachable silica. 52. A
nmet hod according to any one of clains 49 to 51 wherein the silicais

presents i ny ar %%383%5 Slairh'38%E 59 @h@lt%ﬂgﬁjg g)p%t éo%ﬁ%ﬁ%%%%ﬁl?tfli\tgﬁggﬁg ecedi ng

cl ainms wherein achant 1S a “caustl ion. d of
forn‘ingahollc%wfibre Hal ar ultrafiltration or mcrofiltration nenbrane
conpri si ngt.na?e(.tﬁﬁ‘i ng a blend of Halar with a conpatible solvent; suspending

a pore formng agent in said blend _
41. = The method of claim 38 or 39 wherein the pore controlling agent is citric acid

ethyl ester.
42. A method according to any one of claims 37 to 41 wherein the Halar is present
10  inthe blend in an amount ranging from 14-25%,
43. A method according to any one of claims 37 to 42 wherein the Halar is present
in the blend in an amount ranging from 16-23%.
44. A method according to any one of claims 38 to 43 wherein the lumen forming
fluid is digol.
15 45. A method according to any one of claims 38 to 44 wherein the process is
conducted at above 200°C
46. A method according to any one of claims 38 to 45 wherein the process is
conducted at above 220°C.
47. A method of forming a hollow fibre Halar ultrafiltration or microfiltration
20 membrane comprising:
forming a blend of Halar with a compatible solvent;
forming said blend into a hollow fibre shape;
contacting an external surface of said blend with a coating fluid;

contacting an internal lumen surface of said blend with a lumen forming fluid;



formng said blend into a shape to provide a hollow fibre; 25 contacting an
internal lunmen surface of said blend with a lunen formng fluid;, WO

03/ 068374WB@3/068308/ 00179 -51 inducing thermally induced pocasdaiosepdati on
in said blend to forma hollow fibre -M¥rbrane; and extracting the sol vent
fromthe nenbrane. 55. A nmethod of formng a hollow fibre Hal ar
uItrafiItration or mcrofiltration 5 nenbrane conprising: formng a bl end

of Hal ar lbI e sol vent suspendjng a pore form ng agent in
sai d bl end1 ‘(lﬁlﬂg ﬁ’ﬁgggl Yirgpesdhasg %?P%ra'@%}?esat‘io blsadip fgem 2 h%lF’W Iei bre;
contacting an external surface of said blend with a coating fluid; 10
contacti ngmém biapexcandal | unen surface of said blend with a lunen form ng
fluid; inducing thermally induced phase separation in said blend to forma
hol | ow fi bextractirenthe acleentdivin et mambiang t he sol vent fromthe nmenbrane. 56. A
met hod according to claim54 or 55 wherein the pore formng agent is a 15

| eachabl e gmre A eidihdilacd8Ritg toaim¥ T RhSOH tﬁ@&%ﬁﬁg PRid ] s@fe@ﬂeﬁgt%ﬂq Qe 9

wherein the pore form ng agent is silica. . A nethod according to any

one of (I adrrﬁorgéf %&cgrél fRCLOR! cft@c%cﬁ'(gétﬂgeé nge? aisi& ﬁpgggf | eachi ng sai d

| eachabl e pore agent from A met hod according to

any one of, cl ai 8 Wnere nth ore for 20 agent js a

| eachabl e Pore E&%Oﬁ%"f genps aé’(? q‘?&?ﬁfﬂ&' @HEBEFﬁQﬂﬁat’cO@ A AYCERRIFONG| aj s
54 to 59 wherein the pore formng agent is a |leachable silica, which is
| eached f riBgpIgEC H@B@Ht%/théﬁiﬁ’ﬁﬁ PE sol uti on,

preparing a leachant resistant Halar membrane dope;
incorporating a leachable pore forming agent into the dope;
10  casting a membrane; and
leaching said leachable pore forming agent from said membrane with said leachant.
50. A method according to claim 49 wherein the leachable pore forming agent is an
inorganic solid with an average particle size less than 1 micron
51. A method according to claim 49 or 50 wherein the leachable pore forming agent
15 isleachable silica.
52. A method according to any one of claims 49 to 51 wherein the silica is present in
around 3-9%
53. A method according to anyone of the preceding claims wherein the leachant is a
caustic solution.
20 54. A method of forming a hollow fibre Halar ultrafiltration or microfiltration
membrane comprising:
forming a blend of Halar with a compatible solvent;
suspending a pore forming agent in said blend
forming said blend into a shape to provide a hollow fibre;

25  contacting an internal lumen surface of said blend with a lumen forming fluid;



61. A nethod according to any one of clainms 54 to 60 wherein digol is used
as a non-solvent and independently water is used as a quench fluid. WO
03/ 068374wB@3/068308/ 00179 -52 62. A porous pol yneric Hal arPcmiAareOoi7pr ati on
or ultrafiltration nmenbrane when prepatled by a method as defined in any
one of the preceding nethod clains. 63. The use of Halar for formng a
hollow fibre ultrafiltration or mcrofiltration nenbrane. 5 64. A

m croporous .Hal af, menbrane prepared fr.oman environpental ly friendly

sol veﬁt orlnﬂF%?%ﬁ'@HBﬁ%WaP?e@df@B?ﬁ%pWh@H bleadfafopng hodiow 1ibrgi cr opor ous

Hal ar nmenbrane according to claim64 wherein the nenbrane is a flat sheet

or hol | ow BPBPENAEIEr ane. 66. A ni croporous Hal ar nmenbrane prepared from an
environnmental ly friendly 10 solvent or m xture of solvents contai ning one

or nore coeghaoiegsthacclveti frgm the hembiaha lorll: p COORS OOCRL R4 COOR2 or
RAOOCR2 COCORS OOCR3 | Il wherein R1, R2 and R3 are independently nethyl,

ethyl, propyl, Auiethod dEBiing ARl fre HhRr ﬁltfh?ﬂtrﬁidﬁ)’dr-mﬁf’oﬂlﬁatfﬂm OH, CORS,
OCOR5, nethyl, ethyl, propyl, butyl, pentyl, hexyl or other alKkyl,

met hoxys, .y . but oxy, pentoxy, hexoxy or other al koxy, R5
met hyl ,5 ete[hy K%B?g%gpﬁg%%tyl pentyl, hexyl or other alkyl. 67. A

i 1nt¥ i nNg. im66 wherein RI= R2 = R3 = 20
2.1:[ ﬁ;?pgggufsﬂg‘gﬁlg%rblgle o I?aqz?r v%ﬁl(lz g E:glllﬂ;%lbtlé) so(ixlfc%lt;m er

suspending a pore forming agent in said blend
forming said blend into a shape to provide a hollow fibre;
contacting an external surface of said blend with a coating fluid;

10 contacting an internal lumen surface of said blend with a lumen forming fluid,
inducing thermally induced phase separation in said blend to form a hollow fibre
membrane; and
extracting the solvent from the membrane.

56. A method according to claim 54 or 55 wherein the pore forming agent is a

15 leachable pore forming agent.

57. A method according to claim 54 or 55 wherein the pore forming agent is silica.
58. A method according to any one of claims 54 to 57 further including the step of
leaching said leachable pore forming agent from said membrane.

59. A method according to any one of claims 54 to 58 wherein the pore forming

20  agent is a leachable pore forming agent.

60. A method according to any one of claims 54 to 59 wherein the pore forming
agent is a leachable silica, which is leached from the dope by caustic solution,
61. A method according to any one of claims 54 to 60 wherein digol is used as a

non-solvent and independently water is used as a quench fluid.



WO 03/ 068374 PCT/ AUO3/ 00179 -53 68. A mcroporous Hal ar nenbrane according
to claim66 or 67 wherein the an environnentally friendly solvent is
citric acwo oawbssli4 ester (Citrofl exTM 2)520r gl ycerol tri acerati®3/ob179

10

15

20

62. A porous polymeric Halar microfiltration or ulirafiltration membrane when
prepared by a method as defined in any one of the preceding method claims.

63. The use of Halar for forming a hollow fibre ultrafiltration or microfiltration
membrane.

64. A microporous Halar membrane prepared from an environmentally friendly
solvent or mixture of environmentally friendly solvents.

65. A microporous Halar membrane according to claim 64 wherein the membrane is
a flat sheet or hollow fibre membrane.

66. A microporous Halar membrane prepared from an environmentally friendly
solvent or mixture of solvents containing one or more compounds according to formula

TorIl;

COOR; OOCR;
Ry COOR, or Ry OOCR,

COOR; OOCR;

l I
wherein R;, Ry and R; are independently methyl, ethyl, propyl, butyl, pentyl, hexyl or
other alkyl.
R;is H, OH, CORs, OCORs, methyl, ethyl, propyl, butyl, pentyl, hexyl or other
alkyl, methoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy or other alkoxy,
Rs methyl, ethyl, propyl, butyl, pentyl, hexyl or other alkyl.
67. A microporous Halar membrane according to claim 66 wherein R;=R;=R3 =

ethyl and R4=H.



WO 03/068374 53 PCT/AU03/00179
68. A microporous Halar membrane according to claim 66 or 67 wherein the an

environmentally friendly solvent is citric acid ethyl ester (Citroflex™-2) or glycerol

triacetate.



