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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

25 separation of dissolved gas from liquids. The process occurs by gas diffusion

30

and forms the basis of, for example, transmembrane distillation, osmotic
distillation, degassing, dryiné 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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! h%ccordingly, when used in water filtration applications, hydrophobic
membranes need to be hydrophilised or “wet out” with agents such as ethanol

25 _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

30 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

35 which produces pores of a suitably small size.
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It is an object of the present invention to overcome or ameliorate at
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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

30 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

35 across the membrane.
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More preferably the invention is prepared by the TIPS (thermally induced
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phase separation) process.
Preferably the membrane is used in one or more processes selected

25 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

30 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.
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asymmetric cross section, a large-pore face and a small-pore face.
Preferably, the pore size of the gas filtration membrane is chosen in
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combination with the polarity of the membrane material to provide a gas
25 filtration membrane. .

Preferably, the pores are‘in the range 0.0Sprﬁ to 5im, more preferably
0.1um to 1pm 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

30 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.

35 Pore size can be determined by the so called bubble point method.
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more preferably citric acid ethyl ester (Citroflex™-2) or glycerol triacetate.

15 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
20 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
25 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

30 present invention have good macroscopic integrity, uniform wall thickness and
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25 contacting an internal lumen surface of said blend with a lumen forming fluid;
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inducing thermally induced phase separation in said blend to form a hollow
fibre membrane;
removing the solvent from the membrane; and
wherein the conditions are selected to achieve a pore size which in
30 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
35 220°C.
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Preferably, the envnronmentaHy 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



10 wherein the conditions are selected to achieve a
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preferab he solvents have a hi
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However , acute toxicit it is also highl
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f agQkdurebut reflects factors such as the ability of
t he solvent to bioaccunul ate as well its inherent
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2006/ 002469 PCT/ AU2005/ 000961 9 bi oaccunul at e.

t hHalare §is derm freuspdBeiginEmBneamRassiHalapequvalents: .n%lch as
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nogs %grfarb%/ B NERTBHS 1, 309 9sta@liowhe hylahe %m&rebf the

the 5 solvent is an ozone depleting conpound.
of pgb'mmterrangecﬁwgn @eica?§%ns Antr@niRip of f giales ﬁ%‘t“Mf’"&Pt s PCTFE.

f et H5LBeen known for some time to produce flat sheet Halar membranes. The
25 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
30 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
35 range of applications in which they may be used, while at the same time,
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The preferred solvents of the pwwesent invention
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mcrofiltration t
19 goNsDt 5 S Bal LR LAY 6 RE AL PRYA Rl 40 BlubjoR € cooled
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iR ochoben s e TP BB e sovert.
Soygnet &oEés@ObféthWeééhtnﬁ@brftwn, merdprigdissolvad én Bnappropriate
" SR S oo S S5t B RS gh g A
Z?igt\gsftﬁlsﬁﬁﬁftl’éé %uthusZ&ﬂﬁé\MB4ﬂ9e B&Vhﬂd@&&ﬁimﬁﬂe cast as a
matfem;i &) l'gqllgwc ﬁtg‘ﬁ, anf t %rlhsﬁlpf%%ee f[q(sjéraq%@gtﬁgﬂp Cbgl?h such as water.
degthisladiises 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
25 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,
30 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.



The gas transfer nenbranes of the present invention
are particularly suitable for use in hollow fibres
and are produced by phase inversion. 5 Hollow fibre
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10 N palyneersieRei sridethegswlymet poor plaiseapitirmprafartred to as the solvent
sol yent/ non sol vent conbination, and a suitable 20

vi 888%Fty of the solution is achi eved. The pol ymer
sol ut i owhearthbaatast cading i§ comparathaly fast fthlertempenature at

then.i rsed in precipitati on bath such wat er ., .
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se. The precipitat 0 r Ns..a_POor Qus
120y Ageorging e e BBt st SeRRrbp it s a,247.408, the
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structur.e and, properties include the polyner
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po r solution. These factors n be varied to
pr B)é&E@éer W@ﬁﬁ%ﬂﬁﬁﬁﬂ"éﬂ&ér\ﬂp&ﬁs'a | arge range of
2000r e si Agshd ternpeiabae i©1dwenedp thedecsduiifezniiecrease and more and
Sur prisingly, 0 these nmepbranes have been found
e M5B FOBRET K orFs FRA aF I PGy MeA HolERa U DB of the solvent
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di sinangLitdesvdttiveanosed rodathasgusiunadal
deconposition of a go,l Xner sol ution, WD 2006/ 80246 .
25pcT/ AL2KBeWR dReERal precipitation met ods 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
30 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

35 interactions or bonds with other polymer chains with which they come into
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Further cooling sets the pol [ | I
o TRIRPrareS, eRB Y PrISATa e Faicta 18 US #YRaBf; for example.
¥ hﬁh@?ﬂreﬁb&ﬁ inﬁléthgﬂé w&rér]mbhalfi&nablemrpﬁndﬁdagmoﬂnw fibres and
ormati on depe on t he po [0 . e '
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sol g{]t. Whet her the solvent is liquid or solid when
i t PhEhalaf®oved from the pol yner depends on the
t enper atrhé prépernibs 6hHalae rogies nthighly idesivabldunttbe fialtlof gas

LORESHAT ASe R BB E gt ¥frophobic than
solpybE, fohiAstzakypand wrneitidiiélgsgoavdamropertiesia rplative to its
25an?e§igt%ngg IbgitzhetoI g’hlgﬂhé %F\{p tX c%lug’ttlé Isc% iggs,i bnuttaqs?o 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
30 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

35 pressure differential is applied across the membrane. For instance, the
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enw\érﬁsf@@t@én 20 i mpact, such as
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desd pralldesidigédebhliapte befwaasmethanicaltstangth and filtration
partl cul ar, lar is very hydrophobic (nore

hy & Wrc than PVDF, for instance) and has

2EXt I emepy o ral eiple £8 |ar@efs®.|H&te @Ped B nde’ledwhen a large
reS| stance both to chl orine %(ﬁbecgustl c_sol uti
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mo&Preof I H2 BERSENT GRiT% NPARDRET ap‘%F?r h 31 st fAvention
t h@ag@narqd h@mbef of these hollow fibres (up to several thousand) bundled
25 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
30 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.
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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.

25 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

30 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

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



25 together and housed in nodules. The fibres act in
parallel to renove gas from a solution, generally an
aqueous solution, which flows in contact with the
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on, the gas is forced into the centra
channel, or |lunen, of each of the fibres while the
wat er and other dissolved matéfials renmain trapped

tside the fib .. JThe fil d .
UL Sk 5 Febht SR PO bR Dpgpesewar.
or Thayobe(etieyiene dhwirotpiflyordeyhylene) sgution coees imtvi gugrtact with

2 nd G Frotig RERESH i aile Sl RRLS A he coating
cofltiidgatidibi quench bathi iitjorders tabliesidmef e hdlloantiyiees

Sni t vol et a8 oaron eSS bnrul doBel oG Erfyfs of he

Me gbiv antesy stade alheardn rgntbindtion withokher solvenis) orselected

(crraernae ot Retnbo BT a1 a e sBRfnd riE oAgsiien qtene

i needtingand Asnéedniddesedeteeding thHe petesiznamd frequency of pores on

particul ar enmbodi nents, it will be understood by those
s_kh’l’q B‘lfmiaq{af'ﬂéu Pt®%hat the 5 inventive concept
10di scl osesthhiguidiin trasisparted tortieedxtwasiyn theat ysmeapeof individual

enbodi nents di sc] osed. BRI EF SCRI PTl T
ROES bRehea The B rsanens e Mo YTy, Heareq gnd are
Tl Banppareed aphguhermally insukped andifeat tfacad @ipeb0 Tha@xtrusion

T , \ ; Al
ADRIDHIES TurePers (g g z8es S Bhien fufiierbypne forming
whiselatian €dbpe)cambeddting fhed @ire bbyughtabesubstamtially éhe same

referred meth dt t f .

SRS P SRS Rl TP Plegiie

f OERapdd) A% engtiohed labdvé Othen exfact haturewofithe guengotigpends on

(hgh%ﬁ%?tgégqug%@lgfgf ;;lflélgfe{@rﬁté% lwegaen:? isI &seﬁ?rfrﬁﬂeaq‘cua%ruple, the

ChFQél@(EH ﬂlﬁigut@::ﬁﬁédudedﬂ? ahﬁ)udélsamdea'did messagema;abrree fibre may

sol vent . an en SS t hr, .

C oL} Mo Hi By RPN SR CaRtke AR 88 ingas, spegg from the
20t Waueeasfllite THRyfbreanap Bidkit pagshiatoratfucitier qhantiy of quenching
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figure Ib h
%ay be obtic%na?ly% I%ﬁcra shape of a stem to assist in determining fibre

structure. The fibre may pass through an optional air gap before passing into
25 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
30 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
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25 egy extru%nson mtoI 2 v&a er 8uench usufg elther 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

30 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

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



quench fluid is introduced via an outer concentric
passageway. The fibre may travel down the quench tube
at a significantly different linear speed fromthe 20

luid. The fibre may then pass into a
‘%ﬁgﬁ@b{){?‘%f quenching fluid if desired. In lt)éﬁexﬁalﬁ% Og%l

extrusion system the fibre passes out of the die,
which rmay be optionally in thel7shape of a stemto
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uniform height above the plate when drawing the dope down, thus a sheet of
uniform thickness was obtained. The cast membrane rapidly cooled and
25 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 S5cc/min digol. Coating was optional, but when used was either
30 citroflex 2 or GTA at 10 cc/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. A
While the invention has been described with reference to particular
35 embodiments, it will be understood by those skilled in the art that the



15 Asymmetric nenbranes can on rare occasions result
fromthe TIPS process. The rate and speed of
de-m xi ng occurs faster at the outer surface of the

nd slower further away fromthe i {
Qﬁ?@@g@ﬁats in a pore size gradient with ?n(g]]r/ '22?%/000961
pores at the surface and | arger pores further
i nwards. The pores at the interBace which in a holl ow
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t hatmbodirmknis"disedggesih 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 polyneric region has |arge pore
size. The poly (ethylene chlorotrifl uoroethyl ene)
menbranes were prepared 25 by extrusion into a water
guench, using either glycerol triacetate (GIA) or
Citroflex 2 as the solvent. The structure of the

menbr anes as observed by SEM appeared to be
excel | ent, al though there was sone degree of skinning.
A poly (ethylene chlorotrifluoroethyl ene) nmenbrane was
prepared by extrusion in the manner described above
for the TIPS process. The dope was 30 prepared from
either citrofl ex or GTIA solvent (21-24% pol ymer dope)
and coated with either citroflex or GITA. SEMs of the
sanple made with no coating had an inperneable skin
and artificially high break extension (BE) and break
force (BF) values. The GIA sanple had a hi gh bubble
poi nt, indicating that many smaller 35 pores rather
than a smaller nunber of |arger pores provide the high
flow. The WD 2006/ 002469 PCT/ AU2005/ 000961 17
Ctroflex 2 coated nmenbrane can be seen in the SEM s
to have a good pore structure, Thus, Using GTA as a
coating for the Halar fibres provides a remarkabl e
anmount of control over both the structure and porosity
of the fibre surface. A 5 |ower coating flowrate
still seenms to keep the fibre perneabl e and enhances
the asymmetry, whereas a higher coating flowrate
gives a far nore open surface. It is interesting is
that the perneability of the 1 cc/mn sanples is not
vastly different fromthe 5 cc/mn sanples, yet the
fibre surface appears far |ess porous. This suggests
that the internal pore size is very small. Thus if the
10 surface porosity is controlled accurately then

ei ther the polymer concentration



can be decreased or Citroflex 2 used as a solvent to
increase the perneability, all while maintaining
excel | ent bubbl e point/retention characteristic of the
fibre. FLAT SHEET PREPARATI ON 15 Approximately 160g of
solvent (GTA or Citroflex 2) was placed into a glass
reaction vessel with a thernocouple to control the
tenperature. Stirring congbnuously, t he sol vent was
heated to 230C before approxi mately 40g of Hal ar
901LC was added to the vessel. The polynmer dissolved
C@@pkgly and was allowed to mx for 10-15 m nutes
e a sanple of polyner solution was 20 poured from
the flask and onto a glass plate preheated to 120C.

Th é%OBP 5%§ :ﬁ%lﬁln{eﬁﬁ'rﬂélﬁbﬁhégf@dnat frogs HaTh_aae ipl eneeor more
Pass al so preheate r
ad mrscasees aplecigd Jrm étp%gmypt qpé\sghra% otl ﬁapSmerﬂ&aF@ didiftstion,
umés%c{?hh&%ﬁ’lréthﬁﬁbgéﬁaé% Pdrging, \d@ledsrptiomv\bwg)lelh@ degsebrane
uni f orm t hi ckn 5‘? n\@lab% P%E i ned.
Theaaratian areastsr gasdfiltraljondngme/GBe 86 A E*B8 LG i Tied to
forma flat menbrane sheet, which was washed in

26t hgaoly g ;ﬂ% ol p&Fmbiic Aigmbriied at:camn@rtcankem Viefos stripping HF
pr epared as

in gasAdggasﬁér?qe %%lg(li%gglgnvghlgf$$ n%l ?Itratgo]'\sgmrqse in

CC/ oggas Wgﬁefb @ate“’s&ﬁ’%m&/b@ﬁyselﬁ/edﬁcmbmm dl gol . Coating
, but when used was either 30 citroflex 2

or GTAat 10 cc/mn. The whol e | 1t0 2

3al Use ohRRRRISSPIYMEimg ?%ﬁdm ﬂggné\/\gfs%w °
150wﬂ§|% e%’oﬁ@&z@éﬁaﬁh@élo@ Baidwaemioranel i hatrawk ndtdin the range of
90% , BF(N) about B( kPa S5b|

ar 009GLm. 1 TR pr@(ﬁ;qbg/ g 'éé r%@%nﬁ@ﬁ@ﬁgé’%g&é‘gﬁqﬁrg?({?‘? "

W t AGR . ticular 35 enbodinments, it wll

be H‘no@f‘%gog by tﬂgge skilled |n the art that the WO

2006/ 002469 PCT/ AU2005/ 00096 ecedin
i s 0S84 MRS ROVESTE Mo L BERory B o g OLEHreceding
enbegdinBwhsref sdid aretbraddhas a:pmow af. upie & 0%, and ;966?%@'3’ up
pol yneric menbrane formed from Halar in one or nore

pr 0#@8@%s sel ected fromthe group consi sting of
transnmenbrane distillation,

5 Use of a porous polymeric membrane according to any one of the preceding
claims wherein said membrane is in the form of an asymmetric membrane
having a large pore face, a small pore face, and a pore size gradient across a

cross-section of said membrane.

6. Use of a porous polymeric membrane according to any one of the preceding
claims wherein said membrane in the form of a flat sheet or hollow fibre

membrane.

7. Use of a porous polymeric membrane according to any one of the preceding
claims wherein said membrane is prepared by thermally induced phase

separation.

8. A method of forming a hollow fibre Halar membrane comprising:



osnotic distillation, degassing, drying, adsorption,
“bubbl el ess nenbrane aeration or as a gas filtration
menbrane or in a nmenbrane contactor. 2. Use of a

por ous pol yneric menbrane according to claim1l1 for
stripping HF gas, degassing caustic solution,

chlorine gas/alkaline filtration or for use in
degassing tap water to renageodissolved chl orine. 3.
Use of a porous polyneric menbrane according to any

one of clains 1 to 2 wherein the pore sizes range of
sai d menbrane. i r ohid Neat géntaihinglorb pnmore
t o f3IHNY ﬁr@?@ gil%%rnﬁmgvﬁrog{nﬁggb%.hglbpm to | pm gnd nor e
pr edoppihys accordingta fargdad onfopiiedl: 0. spm 4. Use of a
por ous pol yneric nmenbrane according to any one of the
precedi ng clai wherein sai_ rane has a porosity
of up to A?%Egg pref erablly ggﬂ??g 80% 5. Use of a
porous polynmeric nmenbrane according to any one of the
precedi n ' r eRp—sp-O@ERBrane is in the form
of aﬁgas nﬁgp?¥§§ngﬂ§rane havingﬁg | arge pore face, a
smal | pone face, and a pore| size gradient across a
Cross-sectiQOQOR, sai d menbr an®OGRsUse of a por ous

pol yneric menbrane according to any one of the
preceding Elains wherein saidlirenrbrane in the form of
a flat sheet or hollow fibre nenbrane. 7. Use of a

porous polyneric, npenbrane accot di O1R Y 1 @lityl Rntyl,
pr evbereiyR1 dRafiih RaufEs Qdﬁpg%cfce@%ﬂe"%mg’ngﬂ?é pginpgbar &d h%y g
t hep 8@l byothedalk@d phase separation. 8. A nethod of
formng a hollow fibre Hal ar menbrane conprising: 20 0

form ng a_ bl 0 ar__w td, e IV | or other
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| o0 oy | dthoOPRboaDBRIoXy RArBDURREXHXY R otherRisoxy.
COOR3"OOCR3 "1 Il wherein R, R2 and R3 are

i ndependent | y net hyl th Quiil:, pentyl,

hexﬁg et R BIOR l‘?’”tﬁnp‘?‘(@wrﬁé@fﬁlc’ S,WOC(PS,

met hyl, ethyl, propyl, butyl, pentyl, hexyl or other
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 conditions are selected to achieve a pore size which in

combination with membrane polarity provides a gas filtration membrane.

9. A method according to claim 8 wherein the compound according to formula |

is citric acid ethyl ester.

10. A method according to claim 8 wherein the compound according to formula i

is glycerol triacetate.



al kyl , nmet hoxy, ethoxy, propoxy, butoxy, pentoxy,
hexoxy or other al koxy, R5 nethyl, ethyl, propyl,
butyl, pentyl, hexyl or other alkyl; formng said
blend into a shape to provide a hollow fibre;
contacting an internal |unen surface of said blend
wth a lumen formng fluid; inducing thermally

i nduced phase separation ig,said blend to forma
hol l ow fibre nenbrane; reffoving the solvent fromthe
menbr ane; and wherein the conditions are selected to

achi ev or e ST ze, Whiehorl dlim& @i 1tRivhéreinaHalar is present in
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according to formula | is citric acid ethyl ester.
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all is glycerol triacetate. 21
11.flul iseligobd according to any one of clains 8 to 10
wherein Halar is present in the blend in an anmount

angin A 8F& onlRlaimé reote 18- @8Yein ltke process is
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accordi f clainms 8 to 12 wherein the
protggkpgpalqggegcagﬁ%eug%tg "at el evated tenperatures above
200C, preferably at el evated tenperatures above 220C.



