TI TLE: GAS TRANSFER MEMBRANE TECHNI CAL FI ELD The
invention relates to the use and preparation of

w@ologexsse nenbranes for use in gas filtrati onP@rduU2005/000961
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rel ated applications, in particular, to Hal ar

(ethyl ene chlorotrifluoroethyl ene copolyner, or poly
(et hyl ene chlorotrifluoroethyleﬁe)) and rel ated
TRPLRN NS TRANSHER MEMBRNNE © harsh cheni cal
environments are encountered. BACKGROUND ART The
following is not to be construed as an adm ssi on of

t ral know edge. nthetic polyneric
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pore s ore size and on the chem cal nature of
t hlalopoirif! oethvé@ree)u)a?rndrrseé@terd menianeRdn e Matances where
“’lnSFs%f Lhdh Rk gﬂvﬁ—BHBw,n‘tE atd Ik 8&59&eafe pressure

I'vVen process henbr ane ‘pore Size correl ates
WBWCKGRO&INB ARTt he particle or nmol ecul e that the

Vi or of A DEaHO Qe Gk R CoBFy el s FbaY Bissign of the common

pgéﬁé,@w@owpeadj@ m croneter and submi croneter range,
down to 0.05 nm as a general rule, whereas

ul t r af Synthatiopolymericuliratiltsation @ndsmigrofifptiongnembranes are
O b BPd Gl &r asdﬁ Er@ﬂ?rr@é}ﬁdrfn' | 4&HihaRoR" 99$§eparatron,

t Fans. er i's als e, aIIovvrn& separ at I oh
dﬁktsaﬂrmedngajsamlsrsm Wh@mrldatroiﬁrm“opeotrwef thee oveambyargssdepending
di ffusi on and t he r_exanpl e

C bRRY FeRDr R of aredPres ratPraldiy seipE & gy, pore shape, pore
degasiidgn tHe theenialth£dse bpthe Polyra¥AE $eateiet es8€3o form the
such as bubbl el ess nenbrane aeration, and those

pfBBEAE . whi ch occur in menbrane contactors, are al so

pOSSi bi\/ﬁ%roﬂtl?aﬁm %h@l%ltr%‘i’rﬂpﬁtﬁéﬁ &fe Preddife TIRIAP® RESes and

al so h
membrane pore size correlates with the size of the particle or molecule that

the membrane is capable of retaining or passing. Microfiltration can remove
very fine colloidal particles in the micrometer and submicrometer range, down
to 0.05um as a general rule, whereas ultrafiltration can retain particles as
small as 0.01um and smaller.

Membrane gas filtration or gas transfer is also possible, allowing
separation of dissolved gas from liquids. The process occurs by gas diffusion
and forms the basis of, for example, transmembrane distillation, osmotic
distillation, degassing, drying and adsorption. Reverse processes, such as
bubbleless membrane aeration, and those processes which occur in membrane
contactors, are also possible.

The chemical properties of the membrane are also highly important in
the case of gas transfer membranes. '

Liquids can be prevented from passing through a porous membrane
given the correct combination of

i) a suitably small pore size and
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size andii) the required conbination of
hydr ophi l'i ci ty/ hydrophobicity of the nenbrane and the
liquid. Thus, the size of the I?quid nol ecul es i s not

thizt’)ché%&hﬁ'g fc%%ﬂﬁatlgHtofrfﬂfdP %hlm@§§ﬁf%rb H@MGRYtd?Qhe membrane

rane '1s etermnedb al ance of liquidliquid
aand theligdidrenbr ane forces Gases on the other hand,
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e iseeveg theyHpalve phigurtade s, @ecse 24!l agse spugh a
I
\?\A&teh%é\%s%%) ﬁwepé)frée}%}s sﬂggs@ a(i]%rtﬁgghcvr\wﬁlé?’ﬁﬁﬁepi?#é %ﬂ@@@le@r{%lch is
| tygically gfode drfdeowsto. ﬂ]ydnb),pMdvildJedTEIm)dﬁfmom/hondltimaseare
a snmal | nst ance has a

f | |
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t BFRuigY SRl is Y 88sdrptiBncsBhpRI i efiFanangsll.due to

surface tension. As pore size of hydrophob| c._menbr ane
decr ealydropfiilialieuids(syshresaqapusesplitiens ) Wilk RetcRass through

V‘@\% ﬁw%ﬁﬂﬁﬁ%rﬁﬁ%n’é@@'&ﬁ% mif e GRL, dflq{gl‘:ﬁlﬂ, Qxdrophoblc

rophobi c nenbrane y use'o fic
plncaslslsrpsass tuhtoug’rehpdl@g}imllcemmeldmjmsmmehwawegh small size.
mcro-ultrafjltration nenranes.. .
VBl Pa st s 5 Vel el Su 1 af SR RUEPERurssbion pressure
atfphss mugﬁwglea@réé Iy h f@ropblobixe Afemeb ricsedlice e lisface
Accordln en used in water filtrati
st %\érﬁorerﬁ%ﬁ 9E>h%rQPh?¢9ﬂ%F‘%ﬁ{€§reﬁ@§o‘?%%eB%es greater pressures

hé(r‘é’ f&@JO.LéOG&Qf&E vmtarwo pgﬁrﬁﬁb ARFAbSRUCh as et hanol

owvva er meation. Gas filtration
msnbr awl@&eotam@@rfgeced thiieeighea hiyfirephwhie merahesna by use of

nthlfﬁCIetnﬁ:ep(?*egsl.Jl}re?Bglt 'i:lt?g pﬁxgéﬁemoéaa%dﬁé%w h?éh t f§0 300 psi for

micro-ultrafiltration membranes. Membranes are likely to be damaged at such
pressures and in any case generally do not become wetted evenly.
Accordingly, when used in water filtration applications, hydrophobic
membranes need to be hydrophilised or “wet out” with agents such as ethanol

_or glycols to allow water permeation. Gas filtration membranes of course are
better if the membranes are not wetted out and the hydrophobic nature of the
polymer is retained.

Gas filtration is often required in processes which employs very severe
conditions. For example, it is useful in the electronics industry, for the
stripping of HF gas or the degassing of caustic solution prior to use, or in the
area of chlorine/alkaline electrolysis where a membrane needs to withstand
hot concentrated caustic or acid in combination with chlorine. Many
conventional materials used in membrane fabrication are unable to withstand
such high levels of chemical attack, even if they can be formed in a manner

which produces pores of a suitably small size.
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the stripping of HF gas or the degassing of caustic
solution prior to use, or in the area of
chlorlne/alkallne el ectrol ysis where a menbrane needs
to wt rﬁ‘HQ §9&F§ SRHteAt S esRVRlb &nc@bitdtiohs of dissolved
conbi nat| on chl'orine. Many conventional materials
weheering Uﬁedﬁpdﬂlé begtarizcean @NPQSBQ nmerabrangsotolaras eaments of
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of the hi rou ut. Eventually, nbrane can
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resi stance ate proven to be t
nesigedefsinatdrlias saitableaforf miroporausgmenibnanee; the search continues

itable f ) . s
S BlBeb 88 S BPB FET BERDE el TR sy anc
bedFefmshesTiveialk r%tahlrig the desirge phosicanpeopaities required to allow
retaining the desired physical praperties re%wred to

diheonenMeranesitp ffeformedand dY‘?ﬁl_‘de PR RGP riage gpanner.
appr opfh&j; |f§% Bf%]% ﬁltHit"%rﬁ%érﬁﬂrﬂfeﬁﬁésBbéﬁrtﬁéir%orstablllty

nmenbr anes elrr poor st abi | y In very har sh
cnne\mrcrmareh\nhleomnelne@wmmnantSea@d@tt@élewaéﬁgéﬁmnﬁré@res

The
pﬁ&‘,ﬁ%% (}%%p'} ﬁ%u@? ?ﬁqb?}: 55 7 %r%ﬁ%ﬁﬁé?&ﬂrﬁnﬁe fdebdirer chemical
vétabgity W‘ perfigrrhhecel ediileadtapihira] tad dpsioge phiysisal properties

required to allow the membranes to be formed and worked in an appropriate

manner.

It is an object of the present invention to overcome or ameliorate at
least one of the disadvantages of the prior art, or to at least provide a
commercial alternative.
DESCRIPTION OF THE INVENTION

Accordingly, in a first aspect the invention provides a polymeric
membrane formed from a resistant hydrophobic membrane, in which the
pores are of a size sufficient to permit gas permeation without permitting the
flow of a hydrophilic fluid across the membrane.

The invention also provides a polymeric membrane formed from a
resistant hydrophobic membrane, in which the pores are of a size sufficient to
permit vapour permeation without permitting the flow of a hydrophilic fluid

across the membrane.
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| east one of the di sadvantages of the prior art, or to
at | east provide a comrercial alternative. DESCRI PTI ON
OF THE | NVENTI ON Accordingly, i A a first aspect the

i nventA@&rE{/@{{&S@g%éeE&lld/ ABhb& {H%nfﬂbéﬁﬁﬁﬁ YrBB RS LAY meric

resi stant I c menbrane, in which the pores are
ofmemniziane foufadcirent haler pier whichgdie peraseare szedstfisignt to permit

permtting.the flow o ] i1 | U

& paiR Rk d Sl R ol e e A AR gIdctfes across
n@@mﬁ@mﬁbﬁaﬁeﬂed froma resistant hydrophobi c nmenbrane,

in ich the pore re of size sufficient to permt .
vapourHlﬁlﬁrnﬁéppbna%gV%ﬂ% C@@FQFT'?‘PPH%EWH&W ol Bfl:4 alternating
hé’&Hd?Pr"ﬁE'r'o‘F efth?l'eﬂeaéi{d)éﬁlo%t@iﬂw?@éﬂi(_ ?q?erPé,QDhFéh,ﬂﬂslsythé following
a second aspect the invention provides a polyneric
nebrbetame: f ormed from halar, in which the pores are

sized sufficient to perpt,g G i_on w t hout
permtting the flow of FnicaHlfi gﬁ\?\gﬁer Aol €cul es across
t Yhileethier e od haéatrs, ofathepiabgntien lare etescribed herein with respect to

hl or ot ri fl uor.oet hyl , 1:1 al i
OBy s tBImds SRU eIt RnGopRes HAAed Wy Flsnts, such as

whi ch has the foll ow SHIH M O, CeXH), -
2- CH2- CFCl - CF2- ) n- W‘lngl(e %he zeg{ﬁodizmsntg of the

i nvent whereineeabsX is utepeadenty welerted JiptF o6 Chagng where mis
o . : _
e ool 0 i S7EATER I B tnyicne poron o e

) poliyereri to e Koims0itndd)fendém exarmpleof addlaornivatent is PCTFE.
d, an erne mis chosen .sg,as_t o be

T s BecBEtly {Ule o St Ry e et G050 ER gty Gibks preferably
t9.11847%6 i fost@lefefabigX@mpne tofo.Buital ar

equi valent is PCTFE. Preferably, the pores are in the

range Breafsrahiyt ismambimnesidherrissgninvemtionane aymmetric

AL ADSInR! GiHiERRbYe @ far@®hbPe Pace HRY a small pore face, and a pore
size gradient which runs across the membrane cross-section. The membranes
may be flat sheet, or more preferably, hollow fibre membranes.

Preferably the membrane is of the form of a hollow fibre membrane.
More preferably the invention is prepared by the TIPS (thermally induced
phase separation) process.

Preferably the membrane is used in one or more processes selected
from the group consisting of trans-membrane distillation, osmotic distillation,
degassing, drying, adsorption, bubbleless membrane aeration or in membrane
contactors.

Membrane contactors have two or more fluids (gas or liquids) separated
by a porous membrane. The fugacity of dissolved gas will result in diffusion
from the gas rich to the gas poor side of the membrane.

Such membranes can also be used to separate two liquids, or used to
separate water vapour from carbon dioxide.

Preferably the present invention is used in environments where there

are severe or harsh conditions requiring a high level of chemical stability.



Preferably, the nenbranes of the present invention are
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across the nmenbrane cross-section. The nenbranes nay
be flat sheet, or nore preferably, hollow fibre
menbr anes. Preferably the menbrane is of the formof a

hol | O‘Af)lféfgg%g?rB‘Eé?#F]ﬁ% éogﬁ' p'for lo¥ HP'gad BY 8R¢ id@Bassing of

IS prepare erna nduced phase
sempaatit sadudioppoiveds. usky; ef én dbé yareeh of mhidrirmyeliadinesgdctrolysis

in_one or e proce electied fro

CBherS phe M S B e Ry R S EincR b ad BLREE op acid in
disrhbldationonithdedessé Ndegdbsiidtap adser 1 I‘@rﬂove dissolved chlorine.
bubbl el ess menbr ane aeratlon or in nenbra

cBiris fopeeted wheusstlldpm REMbeEs qﬁa'v@ust\wssomqm'ag the electronics

fl 4 d&(gas or |iquids) separated by a porous
merbrane. The fugacity of dissolved gas will result in
di f f usBorprisingty; fehambeen foLnad by begrespobinventiondhat halar can

B 5B A B LARE 5 B SR8 b T

fu@m&aar‘fbosum @M)&B‘opﬁbbh‘ca’hatéryaltdm pheseditfor Avembrames prepared
is used in environments where there are severe or

h%Y§hea-éR§|FtrP6%%s requiring a high level of chenical
st abi | jiMarRy) i@é AUrBAsHGPF B8R DR WitR & hald P&w#ﬁ of pore size

HF gas or t degassi ng of caustic solution prior
udistriloutions, tia éhameaes tashif slasiredabranade aonssterily small. This

\ggﬁéﬁ gtg§ a(ﬁ%r%trb%egfsme%l%ﬂdaﬁw@tvﬂm sﬁﬁﬂcs&té QE@Q but relatively high

I'n conbin

dpgrassHiiary dfahe\mtler of aprtento® ofi swart 8660 ol airovee. | t
is expected to n a nupber of

chizitime. |
ol APy e e ftERt g PO esiidaE Hdl’ Ry formed

h@ARhBee bhé Ql@@%f%xk%l@ér&%em* sbﬂ/\éﬂﬁé bﬁaubhﬁls @abﬂpsrc%ﬂ safety.
be formed into nmenmbranes havi ng such extrenely snm

pohesnemhranes mayuke arefiesably flat sheejdeb pRere @rﬁf@r@blmollow
a usual for nenbranes prepared by the TIPS

proceéss. Hal ar al so, surprisingly can be forned with a
nar r owPrefaggblpf theogas filtzatich stembraneissformed e tipe MEBS

Cmeringalﬁlelsric(u%%d %easgﬁggpacrgﬂgh)c'tp?gées% annaakas anhasymmetrlc pore
size distribution. Most preferably, the Halar gas filtration membrane has an
asymmetric cross section, a large-pore face and a small-pore face.

Preferably, the pore size of the gas filtration membrane is chosen in
combination with the polarity of the membrane material to provide a gas
filtration membrane.

Preferably, the pores are in thé range 0.05um to 5um, more preferably
0.1um to 1um and most preferably 0.1um to 0.5um. Any suitable pore size
can be chosen depending upon the hydrophobicity of the solution to be
degassed, the membrane hydrophobicity and the anticipated working
pressures involved. They may be chosen so as to be as large as possible to
retain the liquid in the membrane pores at the working pressure, or any value
smaller depending upon practical considerations - pore size may depend upon
the method of membrane preparation and may be dictated by the speed at
which separation is desired.

Pore size can be determined by the so called bubble point method.



enabl es the preparation of nenbranes with small pore
sizes but relatively high porosities, of the order of
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filtration nmenbrane including Halar is fornmed w thout

the use of toxic solvents, or solvents of dubious or
unproven safety. The nenbranes ﬁay be preferably fl at
sheet, f r i f ; i
the_ gL BRRLEIEbeke M PYehligh Boy Hes g P itration
( Tieen breineyformewcfedmPHatkee Bebprestdred frgma eglgtignd-omnggining one or
an asymmetric, pore size distributi st..preferably,
PR s i B el e R e D et

cross section, a large-pore face and a snall-pore

face. Preferably, the pore size of the gas filtration
menbr ane is OOR{ n combi nat forP@CR1 the polarity of
the nenbrane material to provide a gas filtration

menbrane, Prefgr y, the pores ¢ i1 the range 0.05
mt o %“l‘m rm&Q%ﬁ%féf efabl {40 3?.5?8& nm and nost
preferably O.1 mmt o 0.5nm Apy suitable pore size

can be chosgn di ng upon t1ﬁ4ﬂ5@F%phobicity of the
solution to be egd%sed, t he nmenbr ane "hydr ophobicity
and the anticipated working pressyjes involved. They
may be chosen so as to be as large as possible to

rehardintiie RLighd B; bBre iidepaidenalyemptiiygs eelylt beopydy Butyd, pentyl,
pressure, or qy val ue smal | er dependi ng upon
phexstli ¥ Athesfst¥der ati ons - pore size may depend upon

the meghpdHoOHTRIBRANSCOREPAHethi/LRtAd p!FBMaIP%BWIQbéh%ﬂ, hexyl or

by the speed at which separation is desired. Pore size
colihelyeallggi srethewy, Bthadye psopexy | kefopyb BEBIGXY MmEXOXyY or other
nglkgg .According to a third aspect, the invention

provi‘des a gas filtration nmenbrane formed from Hal ar

and prRpaietthyf, rathiyh mopuyl, ibutyk genayinihegyboeotirerralkgl.

wher of e oty Bnd R dien L BRRBHTT) et hyl . et hyl
propyl Pré‘féﬁgggé fHNEdhpolAYY labeve tidhek pBrkontfing aflents and are
hqgﬂwg%;gferably csifricrrgtcigyclet'hy?teggelr'(C?trrgﬁgim-zb)uér glycgsoqtt?’/ilaéetate.

Such compounds may be used as polymer solvents, either alone, in
mixtures of the above compounds, or in conjunction with other appropriate
agents.

The gas filtration or microfiltration of the present invention may be
either hydrophobic or hydrophilic, and may include other materials compatible
with the base polymeric material which is preferably Halar. Hydrophobic
membranes are preferred for use with aqueous solutions, hydrophilic
membranes are preferred for use with non polar solutions.

Additional species adapted to modify the chemical behaviour of the
membrane may also be added. In one highly preferred alternative, the gas
filtration membrane of the present invention further including modifying agent
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.

Preferably, the porous polymeric gas filtration membranes of the

present invention have good macroscopic integrity, uniform wall thickness and
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Preferably, RL = R2 = R3 = ethyl and R4=H. Preferably,
t he compounds above act as pore_ control ling agents and
are nore preferably citric acid’ et hyl ester

g@%ﬂ%@gﬁé‘ﬁkﬁ? t%%n Q"o)‘%‘%‘éﬁi}) értl'?ec F&i§orce tension is greater

ounds  nay be ed as pol ymer “so vents, el
athamel.3N). m'xtures of the above conpounds, or in

Fr1tr akrdi® g arbrr PRGN basaRE Mo aifioes 5 method
nafymekirgg bhess fyditiophekiceriar cdrgrisiplgi theCsteps dfnmay

i ncl ude other materials. co ble wiwth the base
pANRARAINI APRIEYE COMPEIRING afaerfaé?daaﬁ? mtaﬁvstem initially

HySBRERHRY ﬂ??c'”’éHrﬁBSﬁeﬂfﬁqé%ﬁ?faeFaFc&% §c9(/eH§ﬁ)rVWélErand optionally 2

aqueous sol utions, hydrophilic nmenbranes are preferre
fSﬂCQH@eClePhnﬁﬁi'nthﬂ!il ina on-soivens. fontiailar wharelepét elayated

o8 ks T LY IR Tenlo PR, 6 lilige op poticaty
al:ltaer salutiod, the gas filtration nmenbrane of t he

sent invent furth | ud t

A idNoR) i ADR ay Sp TRt B Ui gy e A gf Phase
té@pd@ﬁema@es Phice mrmﬂﬁ Lﬂohtlln@oas RRIIPMS, mhngeceand a

mbrane which is hydrophilic or alternatively,

pmr@quuﬂ porerer lereniphase Wikh ¢he ity orgiasestuting mtermmgled in the

P \ t

Ao B Blcbpyh{if® $h 4R Pk R erRRbal drkar O "

e r astivyiing 'cnblem uhtil thmpbbymnemeith phaiselsotidEieandhi gh
h.%@ﬁ@ﬁ'ng}hée ih f or E%%rdrﬁggsrs&hﬁgok{l?@eglc material; and

f ﬁ/Hét—é]n atﬁee:@hdlﬁctr% @ﬁ@%@ttdd‘ﬁtﬁ@éhléﬂe rar @Uﬂedﬁﬁe vHTER I d
of maki ng %asflltratlon mat eri al r|S|n%the
)

s@@”ﬁblrmtron(w hHeambigng naldiy @rcafmﬁ asgarsjllnr@ i9n meakyane.
o TSP SLbenOIRE RIS, B thet ATHENRS o
seamidactonipgree ntictdfidiration arndtraditration niembranaincluding the step
RS A B T B0 b cospPhalpf ARk e
According to a sixth 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 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;
removing the solvent from the membrane; and
wherein the éonditions are selected to achieve a pore size which in
combination with membrane polarity provides a gas filtration membrane.
Preferably, the Halar is present in the blend in an amount ranging from
14-25%, and most preferably around 16-23%. Preferably, the lumen 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.
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and a continuous polyner |ean phase with the two
phases being intermngled in the formof bicontinuous
matrix of large interfacial ar ef, (c) continuing

cool i n,&céH}Eier-lng*Sn %%k/FHEH ag%ﬁ Bﬁ@ﬁﬁ/e?ﬁio'ndbrfd\ﬁ(?es £ Phethod of

renovi ng t yner [ean ase e solid
ol yireg iach othtve fibae Hadmdmﬂmdvr@mﬁ admepgsingi ti ons are

SRR b 8nd hofelfr Byfhop SoMite shlear®i P2 on

NSRRI A € aidABIRPIHAN DY atsha@)efﬂof;ﬁl’ra)v@d:‘epad‘tolloi/\hﬁbre’;vent i on
provi des a nethod of pmanufact croflltr t| on

o@on!;faf-%g an: e %F?&eaqfesa@ '@rh?ﬁ ﬁ@trpt a&ostipg f

thBGn§ aﬁﬁﬂ?é%?Ilfrﬁ@ms%rfé%leydﬁal@%mhﬁﬂhoé‘ lumen forming fluid;
|nc udi ng ['ar According to a sixth aspect, the

||ndenngoﬁ+neprrwlb'de§uaedrehas@ separfasion imgsaid toend o formen hollow
%r%r %Eg%gge conprising: formng a blend of Hal ar
2\ ble solvent; formng said blend into a
Sdfb&b@ctmg thogollena fitvoh Itbwrhéﬂmrbeane:;oamacti ng an
er nal Iurrerg“surface i d blend with a. lu

FBPRIE the PR AN ATe g EFER R IS R BRaTe Fied Bich in

SERADb AR w&hﬁﬁé%mbﬁé(ﬂ)oqéhtfy%r@v?détoé ljaw ffi#rBtin membrane.
menbrane; renoving the solvent fromthé nenbrane; and

wher ei Fhe peesssidnyemien selatesctethetise of Akl farpiea gas

;ﬁglé*\%t@ﬁ l‘ﬁ%njmlﬂ*a‘ﬁ%ﬁﬂ gcé E?br%%r[jbrogﬁﬁgﬁgqgler gg{. ;;l',it\‘?lh%n membranes

Hahan prepanralsbwaniymﬁﬂm:e Meeedlnlgnasimcasrount rangi ng

L S oh Ry RSP Aoy R LB hofers to moterias
h&hhY Pleeker bede@mademt@n hhhfarphéél@ﬁ%nkjstl'\@oé}ﬁmﬁdrﬂﬁent when
at elevated tenperatures, preferably above 2000C, and

nereparest w.*tamqmagtm PZQ@@@SA&F@FMECF?Q that sarveethensame purpose.
g&l?ﬁ{]‘? "BRY Bﬁhfé'?l NJYHI Fé%f*%?&' n?étef'lgfs”\‘/vﬂgzhahave low

bﬂoexmitwto pkaindis awdtanlmats;)arg]ﬁ?ueg?ldlle hwhaeat Enwronmentally 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 subject exposure is acute (short term/high dose) or
long term (typically at a lower dose).

It is preferable that the acute toxicity of the solvents used in the
present invention be low, ie it is preferable if the solvents have a high LD50.
Preferably in the present invention, the LD50 is above 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 its inherent toxic and

mutagenic properties. Preferably, the solvents of the present invention do not
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surface of said blend with a lumen formng fl uid;
i nducing thermally induced phase separation in said
blend to forma hollow fibre nefbrane; extracting the

sQl f the ; LA: RN
SPRERImIAR | DPuTE PR ML HgER ik SraRe ol
ciomixdmtant, amdvhigh biealegeadabjlitlyaisiprefered. des a gas
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agtkidity fo RBHOKSMRRLYRBH-nsaritlas, &9 fadtbis aliélPBs whether the

menbr anes when prepared by any of the preceding

asqleentis amezeae Mepteiing 6omeatadl y friendl y" as used
herei npf el ens of QHIG‘EF&%'I %@siﬂ%ﬁt%sﬁ‘ th@ﬁzﬁé o st RPUEE Features
and t t when

effect on human health e environ
cohjmr edyvbe fowmdrpesuitgblpratuctrsnentadlgrivieodly sdlsents include the

serve the_same purpose. In rticular,

" RIRSENGR A HCHT PR B T RlpS - of BvardVsgblegronps: such s esters,
h@a\éfpelclawét\miéﬁithﬁsé résult ANbrfucAnsmanéemadec@epettichl 4y C4 or less);
humans. Environnmental ly friendly al so enconpasses

b@@iﬁ!’g?rea‘éfam@gﬁﬁ% é?‘i’%h gs cblcgfr@()abqa@c,l the @bsence of aromatic rings.
ey PBFERRA RLbN ehtd Sf‘fﬂé/Piéeggﬁgg‘ﬁ\ﬁeaﬁh?ﬁ'gekﬂibﬁthﬁegé%?& favourable

i nvention are not recogn zardous t o the
hemraloteristlegmans or ot her organi sms, either when

PHRSTTMETHOR OF ¢ ERPOINAG B HEUENT BN o) o

pr ef er Hilee, bhaboly (ethytadechiokteifiuproéthylene)plis/ant:4 alternating
v B et e B gt b s th olowing
Peef,efaBly in the present invention, the LD50 is above

1000nmg/ kg, and nore preferabl?f' above 2000 ng/ kg
However, as well as acuf€Hxo%HeiGRCI-GE2-)s al so highly

ldg@{iel{ea@?ee %B@Hinﬁ?ﬁtss& Eﬁ%nﬁﬁgeﬂﬂ of %tr{ascré%\elribga & Hnwith%spect to
posure effécts, and are not carcirnogenic,
nHbkage this termtisnakddesrietn taBhsomiplks malarsequivalenbs, such as

factor). but refl ects Phtord BIER oG HRg
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. 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. resistance both to chlorine and to caustic solutions, as well as ozone and
other strong oxidising agents.

A Halar microfiltration membrane in the form of a hollow fibre was
prepared according to the method disclosed in PCT AU94/00198 (WO
94/17204) and AU 653528, the contents of which are incorporated herein by
reference.

In the present case the inventors have sought to find a way to modify
membranes made from halogenated polymer such as Halar to enhance the

range of applications in which they may be used, while at the same time,



ability of the solvent t o bioaccunulate as well as
its inherent toxic and nutagenic properties.
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not bi oaccunul ate. In this regard, the biodegradability
of the solvent is inportant, and high biodegradability
is preferred. It is also necess]é)ry to consi der ot her

eF&Eﬁﬁﬁgg ?%‘o%ﬂlm‘afl Eﬁ’ésé%‘#&eac?f thiémb lzﬂ'tby Hé?wcal physical and

non- on nanna factors suc
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ester sHOt‘é‘é/Jéf&‘@d{”F'%ﬂ%ﬁ%ﬁo@ RBgdem %98‘ tatfan Merhbeas aie generally
&ﬁ}éeﬁsb y 8HREr aﬁfﬁorﬂnd&%@) phRS&detafbn NBhOTAPS process) or

as chlorine); t he absence of aromatic rings.
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o B LR Al AL 0190 o
(o)1 x0%) AbI6H3IH2T, fthambne@rﬁtylcefn/ehl,chlasreandorborated herein by

al ternatl ng copol yner of ethyl ene and
cHEf8F&1G8 f | uor oet hyl ene, whi ch has the fol | ow ng

st ruct ¢hg quidkest pfo&d@reRet féfmmbna B orbls system is thermal

enbodi mants of the invention are described herein with
r pEgsERitatian phRAWO epmponenkMixtuisetn Wéi@) the solution is formed by

| )
SRR P By TG bt e s potmer
La’?emrel@\vat@tj temmérwhmeel:t)mn wil edode sosat Iawerdtebmetratures Such a

et wee 0 .

e e 0o Bd chied % ARl e NSRS TRl oy coolc

Haha! aedWpeelfRMen SerBtdfcEwhlch d@seritRenpdii e rir oSeddling, phase
time to produce flat sheet Halar nenbranes. The

pﬁ@@@*@tlpeso@urmndrthﬁm@éym@rﬁ|c@m®a&¢e§¢naa*ar%s frem Hae solvent.
Tyl ﬂeﬂ:{roH&{g‘f tid ?ééeﬂ'e |r§\§@1t,HrFrl‘PJIétl I’ @55A0ed iR an appropriate

partic as extrenely'good propertries
r sd)laEnb,mrtam napsroprea;hesstcnvmt/bm Isotvcerxthmmblnetlandancb a suitable
aust |

oy*s&p@h@?%@%ﬁg@%ron iS aW(T“neve‘e(‘:IS ?ﬁgrf)%ly?mgr %nﬁlonséar BE cast as a

film or hollow fibre, and then immersed in precipitation bath such as water.
This causes separation of the homogeneous polymer solution into a solid
polymer and liquid solvent phase. The precipitated polymer forms a porous
structure containing a network of uniform pores. Production parameters that
affect the membrane structure and properties include the polymer
concentration, the precipitation media and temperature and the amount of
solvent and non-solvent in the polymer solution. '

These factors can be varied to produce microporous membranes with a
large range of pore sizes (from than 0.1um down to 0.005um).  Surprisingly,
these membranes have been found to be good gas filtration membranes.

All practical thermal precipitation methods follow this general process
which is reviewed by Smolders et al in Kolloid Z.u.Z Polymer, 43, 14-20
(1971). The article distinguishes between spinodal and binodal decomposition

of a polymer solution.



A Halar mcrofiltration nenbrane in the formof a
hol | ow fi bre was prepared according to the nethod
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653528, the contents of which are incorporated herein
by reference. | n the present case the inventors have
sought to find a way to nodify Henbr anes nade from

hal Oge*i*ﬁé%‘auﬂfﬂrmrco%ﬁﬁkbramr?ﬁdtﬁﬁgfq&d %‘P\E@@%@pﬁh&\il%r} isedeﬁned by

range of applications In y may be used
athet bimoglaheunvienforrtbeaialy megr{dodv erosy stemr. iflesibinodal decomposition

EEhEE S FautttT s Hobfinet b S > Rl 2y fremely siow

t Ftepurtdl enterhpeettir® s raehpdridlow hich shiseaddparéon occurs and
use in hollow fibres and ar %a?ro uce?ﬁbﬁ/ phase
F nd

i HrePQlAREr Tl POASE iSEPRMAFE AET)

m cr of i &IAbFONsHRTRF RREHHAES $RRLD Hd YuR S5lVeREaRY pure polymer
ei ther diffusion induced phase separation (the D PS

psincedberais il sermemululilitynatiteel pplyaser kefhe selvent gpdsolvent in

T1,PS The i rj ' r
SISO herel i BoB3a8t OER A4 405 S KBk BePP gse. o e
cp?tpimbs dffthilfﬂdiebugrfi(m) ﬂh@p@lvgmmd?mphl?kﬁ wily be referred to as the
reference. The qui ckest procedure for formn.n

bRt thasesgad Ehe iPSMMET RaPT Bhesr Bl A8 Gieigpd dodrthe solvent
CpRpsent m xture, in which the solution is forned by

di ssolving a thernopl astic polynmer in a solvent which

will dWgws the rate gdatophies iacortPapEvalye@st dinscieatperature at

but. . Wi | , .
it e BRaeq Sepdafion FAEFs IS ABREEY Bver A i the binodal case
pahg the .reghléingophesecsepasationlie dabedl spatodal dpeainpiosition.

t erature which d t t.e of i

RS L eSS ANy 8o RRRlnf G 8 405, e
Spdafiaé pvlyrhefahi&oh@ntaitincehtrations dreateathat phlge separation
present invention, halar is dissolved in an

afpsudisrindine denniels of enlvant EaspBE N & eordBluis pelymer phase.

S . l S . .
SPARBERIBL0R Koy AL che S ehE e AREML oBfnd Baines, the
apolyniied freezeshardung fhiebsadyenindrapiels. i mersed in

oo b 3heSpriia B 01 Shesd S e B age more and

seidrd spdlertRiroplets ldppett irs ohe @ty hbaseatriXnSyneresis of the solvent

pigr%(r:rll I'I]é %E)Fydmgtp !‘gsnu?trs igosrhﬁnk%g%oéﬁéj %racking, thus forming
interconnections or pores between the cells. Further cooling sets the polymer.
Finally, the solvent is removed from the structure.

Known thermal precipitation methods of porous membrane formation
depend on the polymer rich phase separating from the solvent followed by
cooling so that the solidified polymer can then be separated from the solvent.
Whether the solvent is liquid or solid when it is removed from the polymer
depends on the temperature at which the operation is conducted and the
melting temperature of the solvent.

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 polymer chains with which they come into



structure containing a network of uniform pores.
Production paraneters that affect the nenbrane
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concentration, the precipitation nmedia and tenperature

and the amount of solvent and ngn-solvent in the

pol ynmer sol ution. These fact orst?can be varied to
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por e s?zesﬁ?‘%?%%tﬁ)an Ol mm owk troeg. 005 M. & Somewhere
Seetprdesi trgkysolutheseand mbixéurss. have been found to be

good gfr{sg{einl(ytné te{sﬁgasgglgglr(ﬁ@%ﬁthﬁ%sétg% Wi{:ﬁ:% tﬁ&%l%ht and which

precip eneralr process

V\ib:thb sicﬂutree\lhe:hechrb,{it mtdqjtﬁdquaaticé o Kall lzoirdxtdire .of polymer and
Pol yner, 43, 14-20 (1971). The article, djstinguishes _ .
RIBEN S6IHaT oIS OBH A S PRG0S OOV CLSTons of either
POAYEIn &R SEHPNBYHLRAUY!dI&IH, WA SR &@f8ahAill understand that

| T qui d-1iquid phase 'separation is defined by the

bpelyor solutiens ean hiswe soinyenwelklonamsndighy scatteripgrdue to the

bj—:- qg&%ceqﬁqu@@ﬁbgn‘?& LniRECH set Q%)asr%‘:ighiig%gﬁ t?ken to be that
po)fyrrerlna ovntlscooledaa n extrenely slow
r pdiat Ukiiown ast thepdoad point, svheeadhede howptitatiy debectable

FRAEHBN B GaAlEs SEented RrPRte FarerbrtoltiE NG o solute

t ndpen®wh el VAN whidh RUS eniReH XBEHrSI theehdMdgenksus solution as
still sone solubility of the polynmer in the solvent

ae sUveeiht in the polyner, there is a polymer rich
phase angha,pal (IR BORL iNAEARKSrs EQ(/#SB%HH'E??@%% Nay to prepare
the p p W | e

this dISCUSEIOH, olyner ric ase

r délarmedmboaass i extirgmely phaslepemedsizée winidly may bestitable for
phasF will be referred to as the sol vent phase. Wen

t 925 P Y cooling is comparatively fast, the

t enper Bthtsebéén Yhb®in floh&opfea giene P BFEA LGN 9E Shidet Halar
generally lower than in the binodal case and

t he
r e iangspRad dhs dsaressesaresdisdpsed i i 4@p836, for example.
CPROPREEL eSS ot Sy BRS04 Al anc
amereoverrs nitilised sohtards iwrich are higidy tokit wighddgh environmental

B ot a8 s oty RbraR R At Rt rad o

f pithatldte. cel | s of the menbrane. As cooling continues,

the po'lrﬁ/%ﬁ*or];ér%eezseosf I-{ilaglgll‘J rr11%]|algehie’é hsig’-ll\{/egéshgarb?g lir(;3 tthfé field of gas
filtration. In particular, Halar is very hydrophobic (more hydrophobic than
PVDF, for instance) and has extremely good properties in relation to its
resistance both to chlorine and to caustic solutions, but also to ozone and
other strong oxidising agents. It is preferred to prepare Halar gas transfer
membranes without the use of highly toxic solvents.

As most of the gas/liquid transfer applications involve the separation of

a gas from an aqueous or polar phase, it is desirable that the membrane is
hydrophobic. This means that liquids, mainly aqueous solutions, with a high
surface tension cannot permeate through the pores of the membrane.
However, because gas has no surface tension, gas which is dissolved in the
liquid or liquid vapour can permeate through the pores membranes wall.
Diffusion will take place at neutral pressures, or faster if an appropriate

pressure differential is applied across the membrane. For instance, the



As the tenperature is |owered, these solubilities
decrease and nore and nore solvent droplets appear in
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pol ymer results in shrinkage and cracking, thus
form ng interconnections or pores between the cells.
Further cooling sets the polyne}q Finally, the sol vent
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sol'utions but 1ie sonewhere between true sol utions and

nsmegeseous nbyaratheryases in irglabioad-odines ¢rogstsecosaladistance
n chn .

2t b ERGRBRANETHROR, el b Brerpl adfnmetric

polgnnipraresd askessing tightbl btuncred miall paresmin o by both outer

clear without obvious inclusions of, either. phase i

P TRETRR NG T AT PRER PALS Ewards e BgdE Fdef the
Wrldmbrgher wgand t hat pol ynmer sol uti ons can have sone

wel | known |ight scattering due to the existence of

| ar ge PRisyaRyMEIehiia snicmeieictyephpabesn foyndierbe agwntageous as
t { LAt ' : ;
P8V IRl BEL el L B iec yhaH 2P bt Bl Ftration
atBicieamyept ed practice to refer to the polyner as the

sol ute,and

2oL oS08 PO AL 14 e e Moo

pfilesgatflgase rédqerddv andarm mdndy esedtgttiniiue tbimmhimizathe size of

;ﬁ'fgé&&%ra&gb H%gé Bg?g‘g{)%%s@wra%ét i{wetrlllgl !hasbréacl)lj a hollow porous
fibre. In the present case, one apparatus according to the present invention
has a l[arge number of these hollow fibres (up to several thousand) bundled
together and housed in modules. The fibres act in parallel to remove gas from
a solution, generally an aqueous solution, which flows in contact with the outer
surface of all the fibres in the module. In gas filtration, the gas is forced into
the central channel, or lumen, of each of the fibres while the water and other
dissolved materials remain trapped outside the fibres. The filtered gas collects
inside the fibres and is drawn off through the ends, or may be removed simply
by blowing out, as moving air creates low pressure that can assist in drawing
air flow through the membrane.

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

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



gas filtration. It has been known for sone tine to
produce flat sheet Hal ar nenbranes, and the processes
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nmet hods were not anenable to producing hollow fibres
and noreover, utilised solvents which are highly toxic
wi th high environnental inpact, Such as

1,3,5- Me'n%vaﬂ@ebﬁé@@a€¢or@!tr@wthéﬁm&.@h@ﬁr%/éa%gndws%xé good pH
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gentboaimeetd, iiesvill berelddrsiwod by ithese siilleti anthelzot bthatothe
chlorine and to caustic solutions,

CRrebtie coneesh dRelisst are hisanaaimited; anik torBosaaPegiic

PERREMBRALAHIsBREt! ansf er menbranes wit hout the use
of highly toxic solvents. As nost of the gas/liquid
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1o iR SR POr® Ol o RASEa vl PP BB et iebsed to

ane means
nmprepareddflemrabeaniast i ons, with a high surface tension

cannot er te through the pares of the ne

ooy eThepaEa mece srirschibeBlnaet defl BhPCE A aqoer0s (wo
' §4ﬂ1m V&d 698528¢ thi @ontedts dfl WHIcH ar_padsr éﬁﬁrated herein by
per neat e through t he pores menbranes wal | . ffusio

weferengee Pngodefarre@methiodgisaskia BEEPIEL thﬁﬂ"éfnhrﬁnaﬁ of the
tﬁPés%ﬂEl.ﬁ&&tPJrE%Sa‘élsﬁcr@ ekl FE& mirﬁkmhﬁnf?ébo%dr acr oss

nenbr an st ance, eapplication of a slight
negat i mopeqxefﬂreedwfdn’rm af e tiveeniden, t oly (gbhylaee

b | t rat nb n als
oaeraaB R e BEmFR R anonahayFer LS Palhfeifene
\Nchlbrdmrtfnjoﬁao@mqyme)eiglcﬁimv@d frf arsuitadlé saieflt ahdethen passed
aﬁ’gl i cation of a sl |%t p05|t|ve pressure can speed up

opghcas 3nBklag £0sXGUSION RRACN. Hydr ophobi ¢
L PP BB RESBEPIESTIONE typl caI |y characterised by
th_‘—gﬁ_t_tf_el I exce chem cal resistance, bioconpatibility,
| ow sweherengreatwdo g)@@alb@pmyattpmr@enct thermmetdrods of the present
invention in relation to hollow fibres. One is via a co extrusion head having
three concentric passageways, as shown in cross section figure 1b, the other
is via a quadruple co-extrusion head having four concentric passageways is
shown in cross section in Figure 1a. The principle is broadly the same in both
cases, except for the way the quench fluid is contacted with the fibre.

In both cases, the axial passageway 1 may contain a lumen forming
fluid 11. The first outwardly concentric passageway 2 contains a homogenous
mixture of the polymer and solvent system 12 to form the membrane, the
next outwardly concentric 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 membrane forming solution and the coating fluid are coating fluid are

contacted with a quench fluid at a predetermined temperature (and flow rate,



As nentioned, the mcrostructure of gas filtration
menbranes is asymmetric, that is, the pore size
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rather varies in relation to the cross-sectional

di stance within the nenbrane. Holl ow fibre nenbranes

are preferably asymetric nmenbr dhes possessi ng tightly
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used t EBRMGEE AW RPASING FigshedpL0Be WH@O%EQWQP%“S of the
U§&th§s‘}§tefﬁ)rﬂbﬁe RTRIC@ROiIh AL ASvith BBRe0folte Q! li9Welected
porous f1bre. n the present case, one aﬁpara Us
apoarattings (the ﬁestmmmentrmémbeaabM) aTharcgepasiten of the
0 |t

{:o al{}g%gpgg!éherﬁ%? Ség‘%é];nﬁrﬁéw %re J‘i%:hgﬁé‘q Qé.lencgtof pores on
i ﬂnepa‘fahbleslndsunfme gas froma soI ut| on, generally

an aqueous _.sol utl on, OV\BInCOtatWIth

ot ol USSR trtrafspamia fo she Sxei g Nead ipbmepng o jadividual
fiddteAhy %mb@erm@we% dahpErentatfetingive@MINaheated and are
channel ; or lunmen, of each of the fibres while the

mmaesparftsd Aorg thewaaly sukaiedrand Bealebracad (ipgsdde extrusion

0 t C |

t F{]égé Iqil%rseégﬁgﬁg@r%?&r E\kﬁer@: 4!‘%5{??%58? %Heﬁdfsléld 'Pﬁél%%rane formlng
bsoluticneldps) mpdycdaying ﬁbw:lregedubugat tqm;wbagaraldly the same
C

reates .| ow, pressure that c assi st in draw,n ir .
TPt T e s atored e ARt a6 Wheve e dope is
C SR P& ﬁ%lrﬁént@n@d Abghk ytHitesks @ fub@ &f 88e iduetBRlep®nds on
the nodules to achieve a very high surface area

LHFET heod WAHTBIPIR 65 traleeeenipring s Use. piedtsnguadruple, the
oglﬁgﬂéﬁ ﬂﬂloo%ﬁﬁﬁ%%luggﬂgzé)@n(&&bf aﬂgemﬁzeﬂaéggewa?/ The fibre may

afi on one etc) resistant
Wrialvel dbwnitheasqudrmh tube ateaesigmﬁs@‘ntbledlfmreht heéarrsspﬁml from the

+ AUBRELEFIY e8P RRPRATEY Hemgest hito, RIWPEC aBBAELEY auenching
dfigiel ipledirb@rein is not limted only t o those

specific
P In the triple extrusion 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 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 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 lumen fluid), is excluded during extrusion and the fibre is



enbodi nents di scl osed. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig | a and | b are diagrans of alternative

wab@goperesses used t o prepare HF nmenbranes ACEATRMS000961
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process is described in nore detail in PCT AU94/00198

(WD 94/17204) AU 653528, the contents of which are

i ncor porated herein by referenct® One preferred nethod
UsiPlsdePaRERPD StEdien TB B ARREoOfarldify PFRRANS to 5, thereb

[ nveshtel oﬁ |spgescré|qtbed Egrel n (l)n a5|dﬁ'$? fied fo?m rere y
oﬁ@ngﬁélﬁerthécsur&(m mretshe i nvention, poI y (ethyl ene

chloro

The poﬁ_b%3 W@%@/!&r}] oro ||fe?’(dg$ghe ﬂéjr%g%rl R&‘éé cghiepletely
dfsawdd/ end Ithelae Buhd aﬂeled fsolamvrft.lrmed fbhﬁatlpa%@:tment except for

t hrough an annul ar c ru3| on hea HOLLOW Fl BRE
HREPATIRE B SIS sfern i olaLas BranRERRS oot e s
rrs é\e@ﬁ)rp&‘hatthe cBRftf8Attol M¥AIHrEABR mé‘nuﬁé'cﬁiﬁlr%‘ pF@cé%@l kW preferred
res. One is via a co extrusion havi ngg hr ee
|

cme@eﬁdr PR JpRsepdeitase Yy eak thitiiaes rmotcdlég@veé pelymer but is
M &t leI \Qrthtthg d%%d%eéolbé ’E@ 2 l?segiut%d?:éme\?e @I‘?e géf\/ﬁrﬁﬁ :sggtem for the

head™ havi n OUT FCORCERL Fi ¢ passa
cpol:ymesefrbn'ome finishgdrreeh@rambe pr| nC| pI e is broadly

t he sa bot h cases xcept, for, the the quench

o o e e PR fuid B8P ng Siefte Bhth, 8 MeR ATl of
axidtaRass 3gEYRY ake MMAYcI668H AkFeid, THE%@n‘feOE@ﬂ)sftﬁnEe W&y be used as
11. The fi rst out vvardl concentric passageway 2

cBIft 6P#ENG AR AMFERHIRG HAkidsr Vaer ORe/ifiBe h@hyaﬂber liquid may be
Se%é/cfﬂg tﬁ¥_ RIAchdi Lﬁdea'iQaF ey raaﬂi%hlyI Q tﬂc structure is
ou Iy neent r e passageway 3 has ~a co |ng

18esitedh the case of the triple extrusion head, the
quench,is a hath either di rectlg Jéacent t he

ext r usEATRRE 'Comeg?l?rﬁ'ﬂFFfan% S QFRs/ons (eSH|t figm the TIPS

| ptcieRBdiTHeerabrar@igpedd bf HBemmiag odeplie Rxstdarus @re outer surface of
head, the out er m)st passageway 4 applijes a quenc
fthe membrane aad slayer, fUDHRraway Sam the dmferfaae: yThIS results in a

ﬁg&te{ %Eéﬁg?%ﬁﬁ'\ﬁlg@@ﬁﬁlfgﬁ%ggegtﬁﬂ ghggg]'f:égefah@' I‘érgélhﬁores further

civanaradg. fThe gomseat 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 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 poly (ethylene chlorotrifluoroethylene) membranes were prepared
by extrusion into a water quench, using either glycerol triacetate (GTA) or
Citroflex 2 as the solvent. The structure of the membranes as observed by
SEM appeared to be excellent, although there was some degree of skinning.

A poly (ethylene chlorotrifluoroethylene) membrane was prepared by
extrusion in the manner described above for the TIPS process. The dope was
prepared from either citroflex or GTA solvent (21-24% polymer dope) and
coated with either citroflex or GTA. SEMs of the sample made with no coating
had an impermeable skin and artificially high break extension (BE) and break
force (BF) values. ‘

The GTA sample had a high bubble point, indicating that many smaller

pores rather than a smaller number of larger pores provide the high flow. The



contacted wth a quench fluid at a predeterm ned
tenperature (and flow rate,if the quench is applied by
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(ethyl ene chlorotrifl uoroethylene) solution cones into
contact with the lunmen formng fluid on the inside of
the hollow fibre and with the cb7ating fluid and/ or

ge&mmt&slaéah H{érﬁgréﬂb EBS pRUSHR @fe SBR'NR h8VE a good pore

i bre. The lunmen and coating fluids contain one or
neirecissaponent s of the solvent system alone or in

conbi nag | ' r i | ect )
Cor A eTuMhRSPA NS = BOHIRA S el B EhEE provices a remarkable
canasit tof @onafol bher bodlt ting sandtliregnamd borostsy of the fibre surface. A

edeternj ne_t he pore, size and freque of por on
tIo SRR 9T FRER a6l SERETY M 576P HaS fIpkn@BBTEaRla gnd enhances
thfe Sﬁmwétﬁﬂ,r\hﬁél%aﬁsya PRANS QatindofidhHaed gRRIses Ff9more open

punps.” The three conponents are individually heated ]
asidifage Kisindpoesting g ba§ thaaeraaapilityfl theel ceftairsamples is not
t i t ' a

¢ SESEF dFtEnt S TE AL IR 2Rl e Erlt ERE s8ifas, gppears for
Slasatporoug.difie )sugndssotdiat thefihtardabperdsinaghvetyosmall. Thus if the

substantially the sa tenperature in.a closel .
SHTeSE afosi s onte e At then SiBet thE Pofiupey concentration
AsarirBBtdeanessaber Eitrbile exaedd aahWolvdHt tohAcrreBRMe permeability,
depends on whet her the quadruple or triple extrusion

helaavhile maEdaining epsetignidpuiphle Paindrefigarieon ghaspeteristic of the
| phrpduced via an outer concentric passageway. The
fibre may travel down the quench tube at a

[

sFlghl SHEANtRRERARAEHOM!t | i near speed fromthe quench

fluid. ,The fib then pass, jato a-furth uantity, .

ot " queABRT RS (Tdod AESPBREE (bTA%ahitlD W ibded into o

\cleﬁlbswé@cti@wé@ml witte afthler@cgaapRrRstootdnted! thieetethSerature. Stirring
ich may be optionally in the s e of a stemto

. hap .
asentiuqushydinersalyemgwis heated 2807 e before approximgiely 40g of
t i i S S| i
BRI I=83RRI @1l el A1 SeRaRa) il b and ves
palépaed do nyixtfloe 10l plreinates befane deamplasf wolymeresolution was

bl ¥oh B B30 268 AR ATE 130 he cope
caab ahtrdapidiy spreadlep®sstthe plaeewtRde e bar also preheated to
non-equilibrium]iquid-liquid phase separation to form
al%ﬁ)°(§bn{|'hﬁ3)@5*§waf¢a@ hgsiye tape wound around the ends to raise it a
uniform height above the plate when drawing the dope down, thus a sheet of
uniform 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.
Halar membranes were prepared as described above. Approximately
21% Halar in GTA solvent was used, at a flow rate of 22-35 cc/min, with a
lumen flow of 5cc/min digol. Coating was optional, but when used was either
citroflex 2 or GTA at 10 c¢/min. The whole was quenched in water. Wall
thickness of the asymmetric membranes was 150-250um. Break extension
was good (in excess of 90%), BF(N) about 1.3, PB(kPa) around 490 and
stress around 4.5 Mpa.
While the invention has been described with reference to particular

embodiments, it will be understood by those skilled in the art that the



| arge interfacial area of two liquids in which the
pol ynmer rich phase is solidified before aggregated

W@ epanat4bon i nto distinct phases of small i nt epdEHAUA105/000961
area can take place. Preferably, any air, gas or
vapour (not being a gas or vapour that serves as the
umen fluid), is excluded durinﬁgextrusion and the
fir*?ﬁ'eﬁtn'vé%d’n%%??@s@ﬁs@ﬁ'l&’er%ﬁ\ BUAG fhiteH dily %oftﬁeséfspecmc
rangi ng from , thereby elongatlng the surface
pem@odimeathdiscosetli bre menbrane | eaves the extrusion
head conpletely forned and there is no need for any
further formation treatnment except for renoving the
sol vent systemfromthe nenbrane in a post-extrusion
operation that is comon to nmenbrane manufacturing
process. | n a preferred nethod, an appropriate
sol vent that does not dissolve the polyner but is
m scible with the dope solvents is used to renove the
sol vent system for the polyner fromthe finished
menbrane. The lunen formng fluid may be sel ected from
a W de variety of substances such as are discl osed
herein. The sane substance may be used as the coating
and quenching |liquids. Water or virtually any other
liquid my be used as the quench |iquid. Water is used
if a highly asymmetric structure is desired.
Asymmetri c nmenbranes can on rare occasions result from
the TIPS process. The rate and speed of de-m xing
occurs faster at the outer surface of the nmenbrane and
sl ower further away fromthe interface. This results
in a pore size gradient with smaller pores at the
surface and | arger pores further inwards. The pores at
the interface which in a hollow fibre are the outer
| ayer of the fibre and the wall of the lunmen may, in
some circunstances, be so small that a "skin" region
occurs. This is about one mcron thick and is the
critical region for filtration. Thus, the outside of
the fibre is small pored whereas the centre of the
pol yneric region has |arge pore size. The poly
(ethyl ene chlorotrifl uoroethyl ene) nenbranes were
prepared by extrusion into a water quench, using
either glycerol triacetate (GIA) or



Citroflex 2 as the solvent. The structure of the
menbr anes as observed by SEM appeared to be excell ent,

wa@bkdoaouyho t here was sonme degree of skinning. APEDAY2005/000961
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(ethyl ene chlorotrifl uoroethyl ene) nmenbrane was
prepared by extrusion in the manner descri bed above
for the TIPS process. The dope Was prepared from
evnéfafwm%f@éhﬁmeﬁ@ m\ﬁéwgwm@k%gwr dope)
and coated wth erther citroflex or GTA. SEMs of the
sanpl e made with no coating had an inperneabl e skin

aihd ar Aigaroualdojymiegh rbesdkaes femsedfirqrBE)y dinphbbiegiolymer,

force (BF) values. The A sampl e. ha hi gh..bubbl e

iR o e anETpreh BFe R, S2NR Mg, o B i a s flgor vapour
apé&irakhon MtiRIt drnhigtige the Blb@soa diideeplhile fhii@Racross the

flow TheCitroflex 2 coated nenbrane can be seen in

t REMYRANE-t o have a good pore structure. Thus, Using

GIA as a coating for the Halar fibres provides a

remar kabl e anmount of control over both the structure

add poAdxirpys glolymeritirbembsané aceording dowstaiovatwingrein membrane

L2 T bb BESR BT B AR S

r péenigtivgtha fiow ofitigaidopeterswolétdes htrdss thetraeasirang.
is that the perneability of the 1 cc/mn sanples is
not vastly different fromthe 5 cc/mn sanples, yet

the fiRrgproUsiRAANBARIAEMDrahe la@ESdRG e8'%laift Sor claim 2 wherein
suggests that the internal pore size is very small

Thebiraneneors size ie chesess In gombingsian withegeatyanstrapterial polarity
the I r tration can be decreased

ogb %ﬂ%?%e%éggﬁﬁg%ﬁ@eéﬁgo%\%m to increase the

pernmeability, all while maintaining excellent bubble
point/retention characteristic of the F:i bre. FLA

ET PRIBAEARINATHMKMRETRE FCI¥ES D10 SOVUH Ogmpreceding

O€lafehé F&frhed flomWasaR! aced into a gl ass reaction
vessel with a thernocouple to control the tenperature.

Stirring continuously, the solvent was heated to 2300C

bef ore i f I :
(e veA Jaors e Opc AemBLal oEe Pty b J73 ALt €preceding
atlbage evhierein shef porel §izés ane initles réed® 0e0 S mapbemof

pol ynmer solution was poured fromthe flask and onto a
gl ass plate preheated to 1200C. The dope

6. A porous polymeric membrane according to claim 5 wherein the pore

sizes are in the range 0.1pym to 1um.

7. A porous polymeric membrane according to claim 6 wherein the pore

sizes are in the range 0.1um to 0.5um.

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

claims having a narrow range of pore size distributions.

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

claims having a porosity of up to 70%

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

claims having a porosity of up to 80%



was then rapidly spread across the plate with a gl ass
bar al so preheated to 1200C. The bar had adhesive tape

wowwagoasound the ends to raise it a uni form heCAU2005/000961
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above the plate when drawi ng the dope down, thus a
sheet of uniformthickness was obtained. The cast
menbrane rapidly cool ed and solfHified to forma flat
ra t ic LNy i .
T T A REPES nolIREAC HemDIaAS i) 18 Rl Y pE K Breceding
ablaires hayinoai paroeity of /- 1% i n GTA sol vent was
used, at a flowrate of 22-35 cc/mn, with a | unen
flow of 5cc/mn digol. Coating was optional, but when
uged wasp@olbeiolgintriefrhembiane actérditg 10 a8/ dhd of The preceding
whol e was quenched in water. Vall thickness of the
aS\PmBe VNGB iATRkY Ofadrepser AL RPYBr eak ext ensi on
was good (in excess of 90%, BF(N) about 1.3, PB(kPa)
around 490 and stress around 4.5 Mya. Wile the
i hBent Agroras psdemedesveimbeaneiachordii@temey ore of the preceding

Dar L , o 2 ; o
OBl S h e SEEANITIThymbel e bRy RERAARPS e BB oce, -
hemaillrpdre faoé, bhdiat poteosity gradiehbaerassgses cfdgs-section of the
enbodj nents di scl osed. THE CLAI M5 DEFI NI NG THE

| [A¢- ARE AS FOLLOWS: - 1. A porous pol yneric

menbrane formed from hydrophobi ¢ pol yner, having

menbrane pores are of a size sufficient to permt gas

ahft/ or ARQOUS RdYMeECiAMArane @ccpuling £ iany enrof thawreceding

oglaﬂngmncﬁgrl?réﬁngfféeﬂgsﬁé;ét(_)ss t he nmenmbrane. 2. A

poOrous po rane accordingt oclaiml
wher ei n nmenbrane pore size is chosen so as to permt

g and/ or vapour permnmeation w_thou rmttin he. .
PRBw oft RArQUs BAHPBFCBREAFRS aseriotad FRENWets ahgaigs 1 to 13 in
ALROTES oP @l NOTRIW GibRE RidmBearccording to claim 1 or

claim 2 wherein nenbrane pore size is chosen in

combi nation with menbrane material polarity to provide

a{gas Hfi [ r ;

A0 PRI AN RERL 35 0rdne ArROIAHE 19OBAA f s prececing

f olmited pirepanadabytheBnally puluned mpusensaparatienbr ane

according to any one of the preceding
17. A porous polymeric membrane according to any one of the preceding
claims used in one or more processes selected from the group consisting of
transmembrane distillation, osmotic distillation, degassing, drying, adsorption,

bubbleless membrane aeration.

18. porous gas filtration membrane according to any one of claim 1 to 16

for use as a gas filtration membrane.

19 A porous polymeric membrane according to any one of claims 1 to 16
used in stripping HF gas.

20. A porous polymeric membrane according to any one of claims 1 to 16

used in degassing of caustic solution.



clains wherein the pore sizes are in the range 0.05 mm
to 5mm 6. A porous polyneric nenbrane according to

webk@smvBEemher ei n the pore sizes are in the ranper/®UR00sM0961

10

15

20

25

t ol mm 7. A porous polyneric nmenbrane according to
claim6 wherein the pore sizes are in the range Ol mm
to 0.5 nm 8. A porous pol ynerié menbrane according t
053Ny @n ft ' [ j ;
2a0e ooordus'iifyRegiofifbrang dtoliy 18 dhy 3¢ Bclaims 1 to 16
pok§@dn ichlarinebgasialkadiver filtragion o any one of the
precedi ng clains having a porosity of up to 70% 10. A
porous pol yneric menbrane according to any one of the
erCediAnlgtl)r@uaip‘@tyﬂh@ﬂézﬂgemmGhé%é:tyrd]ﬁg up dny Bﬂé/cbifclaﬁ;?s 1to 16
por oys pol ynmeri c menbrane according t o any one of the
PHSERdn HEIEPSINALaR YAt ta TBEIS FisSeled hlamE12. A
por ous pol yneric menbrane according to any one of the
precedi ng clainms having a porosity of greater than 80%
123. A por@gsispsilymericongatiieaaacsetdnditagnycond el gleéms 1 to 16
OL%@% Brrﬁ‘éﬁ%ﬁgﬂecqo%itg&oﬁzn the formof an asymmetric
nmenbr ane having a 1argée pore face, a small pore face,
and a pore size gradient across a cross-section of the

rane. 14. A porous polyneric nmenbrane according to )
289" ond RArOLR SOV BEEG MEMANfECCATARS P e & fitg preceding
Sbrhs fi&e fromP e6aESoRRIntrekidueenbr ane according to
any one of clainms 1 to 13 in the formof a holl ow
fibre nmenbrane. 16. A porous polyneric nenbrane
aggor dj : ' ' I ;
B9t her et e brahe [ Rt A ERark b5 ra AT SHhuion
p 6PRABINGENS@THIAR comPeWIds angotingaaororwa ber formeula Ii:
preceding clains used in one or nore processes
sel ected fromthe group consisting of transnenbrane
distillationh_ggan;c di sti | | ati-apOQORegassi ng, drying,
adsor ption, (bubbl el ess nenbrane aeration. 18. porous

gas filtratijon nmenbrane according t o any one of claim
1t o 164—T—COOR, or Ry OOCRy

—COOR3 OOCR3

I 1l
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 alkyl, methoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy or other
alkoxy,

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

26. A gas filtration membrane according to claim 25 wherein R; = R, = R3 =
ethyl and Ry=H.

27. A gas filtration membrane according to claim 26 wherein compounds

according to formula | or formula Il act as pore controlling agents.



for use as a gas filtration nenbrane. 19 A porous
pol ynmeric nmenbrane according to any one of clains 1t

wW@2m6/00ed i n stripping HF gas. 20. A porous pRCTAERG06/000961
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menbrane according to any one of clains 1t o 16 used
i n degassing of caustic solution.21. A porous
pol ymeri ¢ menbrane accordi ng to?any one of claims 1 to

16gusegd é{s Gt/ ﬁllﬁé‘QEdo?ginlf%;' ot &afh oy \%/%erén the compound
por ous pol ymeri c nmenbrane according to any one o

c hedonging ta formelad sedtrinadidgetbyi agterap water to renove

di ssol ved chlorine. 23. A porous polyneric nenbrane

according to any one of clainms 1t o 16 used in a

MRebr apegaofiltaRicT meaﬁbra‘hep@zfc@uaingdoymrm Q7MeheFEIRGthe compound

according to any one of the preceding clains free from

téﬁq%d'g%?%fé’ﬁ”f‘“'f"@s'?& eroltriagetaie- i trati on menbrane

f gpmedaf i |1 ;

oot ai Ay PRSP mERE EARABAC oM 38 b 8% o thy preceding

| clgims aytiah dydrophobit. wherein Ri, R2 and R3 are

i ndependently nethyl, ethyl, propyl, butyl, pentyl,

hexyl or other alkyl. R4 is H OH COR5, OCOR5,

nﬁnhlyl A mﬂ’gwb,poﬂympyib,mbu‘tbrbne raen%r;dimg hexanly e of biee preceding

al kyl , t hoxy, et hoxy, propoxy, butoxy, pentoxy,

h@@ﬁ’% "%C%MFOW'BBXM R5 methyl, ethyl, propyl,

butyl, pentyl, hexyl or other alkyl. 26. A gas

filtration nmenbrane according to claim25 wherein R =

R32= RA porevRyaolwneriraaembrane Acgersling e cayi @re of the preceding
R [ t s rei : :

AR S bl R BHE it R Eenpativle with the

cbase pblyinngriageatesial8. A gas filtrati on nenbrane

aggording to claim27 wherein the c und accordin L
1857 o therops POTPERE MaEinTeBE AFOGLIAFS Sy Oie BhLIe preceding
f tlatrhatiKerelFetiY BASe PORAhEHOhdterial & Falkf. wherein the
conpound according to fornula Il is glycerol

triacetate. 30. A porous polyneric nenbrane according

842Ny AQro8E PoliimBFiE HidinE%ane having a breakforce extension greater
than 1.3N

35. A method of making a gas filtration 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,

(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;

(d) removing the polymer lean phase from the solid polymeric material; and
wherein the conditions are selected to achieve a pore size which in

combination with membrane polarity provides a gas filtration membrane.



cl ai ms whi ch hydrophobic. 31. A porous polyneric
menbrane according t o any one of the preceding clains

waokioslodaydr ophi lic. 32. A porous pol ymeric nmenPCEHAE2005/000961
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according t o any one of the preceding clains

i ncluding a base polyneric material and materials
conpatible with the base polymefic material. 33. A
porous pol yneric nmenbrane according t o any one of the
precedi ng clains wherein the base polynmeric materia

i 36 Hal ArmeBd of fonuog pbbYom fibreriatbr anemhbeanengomprising:

eakforc le)élt ilon eater t nl cﬁ?i l'gi A net hod of

r[THBga? g&g ?5(' ﬁ&%‘??% EaPYT ¥ ng the steps
ofarriag sh&ablem mt@naxghapé t‘cpﬁ‘ﬁtf\h@é RthdRvafibped a
solvent systeminitially conprising a first conponen

t fRAtardng qrhméﬁﬁnaé&vn\ﬂ@ﬁtswracq%ﬁ S M@W@wtfbﬂémwnaformmg fluid;
u%%%gce{mmﬁq@tmhngéd' ade L a?é%u?flal'ﬁ rblgﬁl 2b form a hollow
at v ar

wherei n ate nper at | ssolves in
tﬁnleresmamlmar@yst emto provide an opti cally clear

S [ b oolln t{he sol pytion so that
n%r#é\é'ﬁ h% @%%ﬂﬁ‘d Efalﬁ bpﬁﬂ'%ea parati on takes
plvheesih cthéafdmuatlmmawms@asmdo&waaﬂeve ‘éhpdiﬂéaé@e QMHichin

cont | puous _lqyrrer Ieanl{g) ase with the two g ases

bR RgINaktosy HtRgNemBraNe o ld P ovide 8 masiiigatioranembrane.
of large interfacial area, (c) continuing cooling

until the polyner rich phase solidifies; (d) renoving

thé poﬁyn@thQCé@@omdmgetOf elaimtIfewsereid thel yater iscpresent in the

Al Eﬁﬁ'lﬁlan g&%u\ﬂi@%ﬁbm tilpﬁmc%dégd ons are selected to

I eve pore si |nat| on wi th nmenbr ane
pol arity provides a gas filtration nenbrane.36. A

c%??%?ﬁath%#ﬁé s Wf' ﬁ&???lﬁwhgﬁﬂrgﬁarcwasﬁaw the

SeIeME ik arf efduRY rgﬁgmgbﬂrsﬂ\dlsrzsm/oa shape to provide a
hol | ow fibre; contacting an internal |unmen surface of

sai d bl end vvlth a lumen formng fluid; inducing

LAr "BAlrM %&%r&ﬂ%@%ﬁ&ﬁ%h@tdf%lh{k $81 3 GRArdR the lumen

forma ho
forming fluid |s dlgol

40. A method according to any one of claims 36 to 39 wherein the process
is conducted at elevated temperatures above 200°C.

41. A method according to any one of claims 36 to 39 wherein the process
is conducted at elevated temperatures above 220°C.

42. 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;

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;

extracting the solvent from the membrane; and



removi ng the solvent fromthe nmenbrane; and wherein
the conditions are selected to achieve a pore size
wakioeko0l40 conbi nation with nmenbrane polarity pPOWAUZES5000961
gas filtration menmbrane. 37. A nethod according to
claim 36 wherein the halar is present in the blend in
an amount ranging from 14-25% %8. A nethod according
t r n
o o el OB 1 LG8 S borel bz L
acwobttiatipnt withripeorraoé polaiitysp3tides 8@ astfdtraitiontthembrane.
umen formng fluid is digol. 40. A nethod according
to any one of clainms 36 to 39 wherein the process is
conducted at el evated tenperatures above 2000C. 41. A
nmet hod according to any one of clains 36 to 39 wherein
the process is conducted at el evated tenperatures
above 2200C. 42. A nethod of formng a hollow fibre
Hal ar nmenbrane conprising: formng a blend of Hal ar
with a conpatible solvent; 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 |unen surface of said blend
with a lumen formng fluid; inducing thermally induced
phase separation in said blend to forma hollow fibre
menbrane; extracting the solvent fromthe nenbrane;
andwherein the conditions are selected to achieve a
pore size which in conbination with nenbrane polarity
provides a gas filtration nmenbrane.



