
TITLE: GAS TRANSFER MEMBRANE TECHNICAL FIELD The
invention relates to the use and preparation of
polymeric membranes for use in gas filtration and
related applications, in particular, to Halar
(ethylene chlorotrifluoroethylene copolymer, or poly
(ethylene chlorotrifluoroethylene)) and related
membranes in circumstances where harsh chemical
environments are encountered. BACKGROUND ART The
following is not to be construed as an admission of
the common general knowledge. Synthetic polymeric
ultrafiltration and microfiltration membranes are
known for a variety of applications including
desalination, gas separation, filtration and dialysis.
The filtration properties of the membranes depending
upon features of membrane morphology such as symmetry,
pore shape, pore size and on the chemical nature of
the polymeric material used t o form the membrane.
Microfiltration and ultrafiltration are pressure
driven processes and 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 0.05 mm as a general rule, whereas
ultrafiltration can retain particles as small as
O.Olmm 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 andii) the required combination of
hydrophilicity/hydrophobicity of the membrane and the
liquid. Thus, the size of the liquid molecules is not
the limiting factor, but rather passage through the
membrane is determined by the balance of liquidliquid
and liquid-membrane forces. Gases, on the other hand,
have no such problems passing through a membrane as
they have no surface tension, and so will pass through
a membrane pore of any size larger than the size of
the molecules (which is typically of the order of 0.1
nm), provided the diffusion conditions are appropriate
(ie gas will not diffuse into a region of higher
pressure) and provided there is no adsorption onto the
membrane wall. Hydrophilic liquids (such as aqueous
solutions) will not pass through hydrophobic membranes
with a small pore size, and nor will hydrophobic
liquids pass through hydrophilic membranes which have
a small size. Water for instance has a very small
molecular size, but requires high pressure t o pass
through small pores in hydrophobic membranes due to
surface tension. As pore size of hydrophobic membranes
decreases, greater pressures are required to force
water through the membrane. Water can be forced
through a hydrophobic membrane by use of sufficient
pressure, but the pressure needed is very high,
150-300 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.Even degassing tap water to remove
low concentrations of dissolved chlorine used to kill
bacteria can expose membranes to large amounts of
chlorine over the working life of a membrane by virtue
of the high throughput. Eventually, the membrane can
exhibit yellowing or turn brittle, signs of
degradation of the membrane. Currently,
poly(tetrafluoroethylene) (PTFE), polyethylene (PE),
polypropylene (PP) and poly(vinylidene fluoride)
(PVDF) are the most popular and available hydrophobic
membrane materials. PVDF exhibits a number of
desirable characteristics for membrane applications,
including thermal resistance, reasonable chemical
resistance (to a range of corrosive chemicals,
including sodium hypochlorite), and weather (UV)
resistance. While PVDF has to date proven to be the
most desirable material from a range of materials
suitable for microporous membranes, the search
continues for membrane materials which will provide
better chemical stability and performance while
retaining the desired physical properties required to
allow the membranes to be formed and worked in an
appropriate manner. The limitation of gas filtration
membranes has been their poor stability in very harsh
chemical environments and at elevated temperatures.
The search continues for membrane materials that will
provide better chemical stability and performance
while retaining the desired physical properties 



required to allow the membranes to be formed and
worked in an appropriate manner. I t 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.Accordingly, in
a second aspect the invention provides a polymeric
membrane formed from halar, in which the pores are
sized sufficient to permit gas permeation without
permitting the flow of liquid water molecules across
the membrane. Halar, or poly (ethylene
chlorotrifluoroethylene), is a 1:1 alternating
copolymer of ethylene and chlorotrifluoroethylene,
which has the following structure: -(-CH
2-CH2-CFCI-CF2- )n- While the embodiments of the
invention are described herein with respect to Halar,
this term is used herein to encompass Halar
equivalents, such as -(-(CH 2-CH2- )m-CX2-CX2-
)nwherein each X is independently selected from F or
Cl, and where m is chosen so as t o 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. Preferably, the pores are in the
range 0.05 mm to 5mm, more preferably O.l mm to l mm
and most preferably O.l mm to 0.5 mm 



Preferably, the membranes of the present invention are
asymmetric membranes, which have a large pore face and
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.Preferred process include 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 concentrated
caustic or acid in combination with chlorine,
degassing tap water to remove dissolved chlorine. It
is expected to be useful in a number of industries,
including the electronics industry. Surprisingly, it
has been found by the present invention that halar can
be formed into membranes having such extremely small
pores. This is unusual for such a hydrophobic material
and unusual for membranes prepared by the TIPS
process. Halar also, surprisingly can be formed with a
narrow range of pore size distributions, ie the pores
can, if desired, be made consistently small. This 



enables the preparation of membranes with small pore
sizes but relatively high porosities, of the order of
up to 70% or even 80% or above. Preferably, the gas
filtration membrane including Halar is formed without
the use of toxic solvents, or solvents of dubious or
unproven safety. The membranes may be preferably flat
sheet, or, more preferably hollow fibres. Preferably,
the gas filtration membrane is formed by the TIPS
(Thermally Induced Phase Separation) process and has
an asymmetric 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 the range 0.05
mm t o 5mm, more preferably O.l mm to l mm and most
preferably O.l mm t o 0.5mm. 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.According to a third aspect, the invention
provides a gas filtration membrane formed from Halar
and prepared from a solution containing one or more
compounds according to formula I or formula II: ' Il
wherein Ri, R2 and R3 are independently methyl, ethyl,
propyl, butyl, pentyl, hexyl or other alkyl. R4 is H,
OH, COR5, OCOR5, methyl, ethyl, propyl, butyl, pentyl,
hexyl or 



other alkyl, methoxy, ethoxy, propoxy, butoxy,
pentoxy, hexoxy or other alkoxy, R5 methyl, ethyl,
propyl, butyl, pentyl, hexyl or other alkyl.
Preferably, R1 = R2 = R3 = ethyl and R4=H. Preferably,
the compounds above act as pore controlling agents and
are more preferably citric acid ethyl ester
(Citroflex(tm)-2) or glycerol triacetate. 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. I n 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 andhigh
mechanical strength (for example, the breakforce
extension is greater than 1.3N). According t o a
fourth aspect, the present invention provides 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. According to a fifth aspect, the invention
provides a method of manufacturing a microfiltration
or ultrafiltration membrane including the step of
casting a membrane from a polymer composition
including Halar According to a 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 conditions 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 2000C, and
more preferably above 2200C.According to an seventh
aspect, the invention provides a method of forming a
hollow fibre Halar membrane comprising: forming a
blend of Halar with a compatible solvent; 



forming said blend into a shape to provide a hollow
fibre; contacting an external surface of said blend
with a coating fluid; 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 wherein the conditions
are selected to achieve a pore size which in
combination with membrane polarity provides a gas
filtration membrane. The present invention relates to
the use of Halar for forming a gas filtration membrane
and to a porous polymeric Halar gas filtration
membranes when prepared by any of the preceding
aspects. The term "environmentally friendly" as used
herein refers to materials having a lesser or reduced
effect on human health and the environment when
compared with competing products or services that
serve the same purpose. In particular,
"environmentally friendly" refers to materials which
have low toxicity t o plants and animals, especially
humans. Environmentally friendly also encompasses
biodegradable materials. Preferably, the
environmentally friendly solvents used in the present
invention are not recognised as hazardous t o 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 t o bioaccumulate as well as
its inherent toxic and mutagenic properties.
Preferably, the solvents of the present invention do
notbioaccumulate. In this regard, the biodegradability
of the solvent is important, and high biodegradability
is preferred. It is also necessary to consider other
ecotoxicological effects such as the toxicity to
non-humans/non-mammals, and factors such as whether
the solvent is an ozone depleting compound. I n terms
of structural considerations, the type of structural
features which may be found in suitable
environmentally friendly solvents include the presence
of degradable groups, eg hydrolysable groups, such as
esters, (especially when these result in much smaller
molecules, such as C4 or less); absence of halogens
(such as chlorine); and the absence of aromatic rings.
The preferred solvents of the present invention
exhibit these three favourable characteristics BEST
METHOD OF PERFORMING THE INVENTION Halar, or poly
(ethylene chlorotrifluoroethylene), is a 1:1
alternating copolymer of ethylene and
chlorotrifluoroethylene, which has the following
structure: -(-CH 2-CH2-CFCI-CF2-)n- While the
embodiments of the invention are described herein with
respect to Halar, this term is used herein to
encompass Halar equivalents, such as -(-(CH 2-CH2-
)m-CX2-CX2- )nwherein 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. I n the present case the inventors have
sought to find a way to modify membranes made from
halogenated polymer such as Halar t o enhance the
range of applications in which they may be used, while
at the same time,retaining the good intrinsic
resistance of the material to chemical, physical and
mechanical degradation The gas transfer membranes of
the present invention are particularly suitable for
use in hollow fibres and are produced by phase
inversion. Hollow fibre ultrafiltration and
microfiltration membranes are generally produced by
either diffusion induced phase separation (the DIPS
process) or by thermally induced phase separation (the
TIPS process). The TIPS process is described in more
detail in PCT AU94/00198 (WO 94/17204) AU 653528, the
contents of which are incorporated herein by
reference. The quickest procedure for forming a
microporous system is thermal precipitation of a two
component mixture, in which the solution is formed by
dissolving a thermoplastic polymer in a solvent which
will dissolve the polymer at an elevated temperature
but will not do so at lower temperatures. Such a
solvent is often called a latent solvent for the
polymer. The solution is cooled and, at a specific
temperature which depends upon the rate of cooling,
phase separation occurs and the polymer rich phase
separates from the solvent. I n one process of the
present invention, halar is dissolved in an
appropriate solvent, or an appropriate solvent/non
solvent combination, and a suitable viscosity of the
solution is achieved. The polymer solution can 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 O.l mm down to 0.005 mm).
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.The equilibrium condition for
liquid-liquid phase separation is defined by the
binodal curve for the polymer/solvent system. For
binodal decomposition to occur, the solution of a
polymer in a solvent is cooled at an extremely slow
rate until a temperature is reached below which phase
separation occurs and the polymer rich phase separates
from the solvent. It is more usual for the phases not
to be pure solvent and pure polymer since there is
still some solubility of the polymer in the solvent
and solvent in the polymer, there is a polymer rich
phase and a polymer poor phase. For the purposes of
this discussion, the polymer rich phase will be
referred to as the polymer phase and the polymer poor
phase will be referred to as the solvent phase. When
the rate of cooling is comparatively fast, the
temperature at which the phase separation occurs is
generally lower than in the binodal case and the
resulting phase separation is called spinodal
decomposition. According to the process disclosed in
U.S. Specification No. 4,247,498, the relative polymer
and solvent concentrations are such that phase
separation results in fine droplets of solvent forming
in a continuous polymer phase. These fine droplets
form the cells of the membrane. As cooling continues,
the polymer freezes around the solvent droplets. 



As the temperature is lowered, these solubilities
decrease and more and more solvent droplets appear in
the polymer matrix. Syneresis of the solvent from the
polymer results in shrinkage and cracking, 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
intocontact. Polymer solutions are thus rarely true
solutions but lie somewhere between true solutions and
mixtures. I n many cases it is also difficult to state
which is the solvent and which is the solute. I n the
art, it is accepted practice to call a mixture of
polymer and solvent a solution if it is optically
clear without obvious inclusions of either phase in
the other. By optically clear, the skilled artisan
will understand that polymer solutions can have some
well known light scattering due to the existence of
large polymer chains. Phase separation is then taken
to be that point, known as the cloud point, where
there is an optically detectable separation. It is
also accepted practice to refer to the polymer as the
solute and the material with which it is mixed to form
the homogeneous solution as the solvent. I n the
present case the inventors have sought t o find a way
to prepare Halar membranes with extremely small pore
sizes which may be suitable for 



gas filtration. It has been known for some time to
produce flat sheet Halar membranes, and the processes
are disclosed in US 4702836, for example. The previous
methods were not amenable to producing hollow fibres
and moreover, utilised solvents which are highly toxic
with high environmental impact, such as
1,3,5-trichlorobenzene, dibutyl phthalate and dioctyl
phthalate. The properties of Halar make it highly
desirable in the field of 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, theapplication of a slight
negative pressure will draw the gas through the
membrane. Gas filtration membranes can also be used to
pass gas into the liquid in a micro-disperse fashion
with little or no resistance from the liquid. The
application of a slight positive pressure can speed up
the process of gassing a liquid. Hydrophobic
microporous membranes are typically characterised by
their excellent chemical resistance, biocompatibility,
low swelling and good separation performance. 



As mentioned, the microstructure of gas filtration
membranes is asymmetric, that is, the pore size
gradient across the membrane is not homogeneous, but
rather varies in relation to the cross-sectional
distance within the membrane. Hollow fibre membranes
are preferably asymmetric membranes possessing tightly
bunched small pores on one or both outer surfaces and
larger more open pores towards the inside edge of the
membrane wall. This asymmetric microstructure has been
found to be advantageous as it provides a good balance
between mechanical strength and filtration efficiency.
As a general principle, a large surface area is needed
when a large filtrate flow is required. A commonly
used technique to minimize the size of the apparatus
used is to form a membrane in the shape of a hollow
porous fibre. I n the present case, one apparatus
according to the present invention has a large 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. I n 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.Membranes made according to the present
invention possess good pH (acid and base) and
oxidation (Chlorine, Ozone etc) resistant properties.
While the invention has been described with reference
to particular embodiments, it will be understood by
those skilled in the art that the inventive concept
disclosed herein is not limited only t o those
specific 



embodiments disclosed. BRIEF DESCRIPTION OF THE
DRAWINGS Fig I a and I b are diagrams of alternative
TIPS processes used t o prepare HF membranes The TIPS
process is described in more detail in PCT AU94/00198
(WO 94/17204) AU 653528, the contents of which are
incorporated herein by reference. One preferred method
used t o prepare the membranes of the present
invention is described herein in simplified form. In
one preferred form of the invention, poly (ethylene
chlorotrifluoroethylene) is formed as a hollow fibre.
The poly (ethylene chlorotrifluoroethylene) is
dissolved in a suitable solvent and then passed
through an annular co-extrusion head. HOLLOW FIBRE
PREPARATION There are two possible ways to conduct the
methods 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 Ib, the other is via a quadruple co-extrusion
head having four concentric passageways is shown in
cross section in Figure Ia. The principle is broadly
the same in both cases, except for the way the quench
fluid is contacted with the fibre. I n 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. I n 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. I n 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,if the quench is applied by
means of an outermost concentric passageway). The poly
(ethylene chlorotrifluoroethylene) solution comes into
contact with the lumen forming fluid on the inside of
the hollow fibre and with the coating fluid and/or
quench bath solution on the outside of the hollow
fibre. The lumen and coating fluids contain one or
more components of the solvent system, alone or in
combination with other solvents, in selected
proportions (the first component may be absent). The
composition of the coating and lumen fluids
predetermine the pore size and frequency of pores on
the membrane surfaces. Each fluid is transported to
the extrusion head by means of individual metering
pumps. The three components are individually heated
and are transported along thermally insulated and heat
traced pipes. The extrusion head has a number of
temperature zones. The lumen fluid, membrane forming
solution (dope) and coating fluid are brought to
substantially the same temperature in a closely
monitored temperature zone where the dope is shaped.
As mentioned above, the exact nature of the quench
depends on whether the quadruple or triple extrusion
head is used. In the quadruple, the quench fluid is
introduced via an outer concentric passageway. The
fibre may travel down the quench tube at a
significantly different linear speed from the quench
fluid. The fibre may then pass into a further quantity
of quenching fluid if desired. I n 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 isstressed axially to stretch it by a factor
ranging from 1.5 to 5, thereby elongating the surface
pores. The hollow fibre membrane leaves the extrusion
head completely formed and there is no need for any
further formation treatment except for removing the
solvent system from the membrane in a post-extrusion
operation that is common to membrane manufacturing
process. I n a preferred method, an appropriate
solvent that does not dissolve the polymer but is
miscible with the dope solvents is used to remove the
solvent system for the polymer from the finished
membrane. The lumen forming fluid may be selected from
a wide variety of substances such as are disclosed
herein. The same substance may be used as the coating
and quenching liquids. Water or virtually any other
liquid may be used as the quench liquid. Water is used
if a highly asymmetric structure is desired.
Asymmetric membranes can on rare occasions result from
the TIPS process. The rate and speed of de-mixing
occurs faster at the outer surface of the membrane and
slower further away from the interface. This results
in a pore size gradient with smaller pores at the
surface and larger pores further inwards. The pores at
the interface which in a hollow fibre are the outer
layer of the fibre and the wall of the lumen may, in
some circumstances, be so small that a "skin" region
occurs. This is about one micron thick 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. TheCitroflex 2 coated membrane can be seen in
the SEM's t o have a good pore structure. Thus, Using
GTA as a coating for the Halar fibres provides a
remarkable amount of control over both the structure
and porosity of the fibre surface. A lower coating
flow rate still seems to keep the fibre permeable and
enhances the asymmetry, whereas a higher coating flow
rate gives a far more open surface. It is interesting
is that the permeability of the 1 cc/min samples is
not vastly different from the 5 cc/min samples, yet
the fibre surface appears far less porous. This
suggests that the internal pore size is very small.
Thus if the surface porosity is controlled accurately
then either the polymer concentration can be decreased
or Citroflex 2 used as a solvent to increase the
permeability, all while maintaining excellent bubble
point/retention characteristic of the fibre. FLAT
SHEET PREPARATION Approximately 16Og of solvent (GTA
or Citroflex 2) was placed into a glass reaction
vessel with a thermocouple to control the temperature.
Stirring continuously, the solvent was heated to 2300C
before approximately 40g of Halar 901LC was added to
the vessel. The polymer dissolved rapidly and was
allowed to mix for 10-15 minutes before a sample of
polymer solution was poured from the flask and onto a
glass plate preheated to 1200C. The dope 



was then rapidly spread across the plate with a glass
bar also preheated to 1200C. The bar had adhesive 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 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. While the
invention has been described with reference to
particular embodiments, it will be understood by those
skilled in the art that theinventive concept disclosed
herein is not limited only to those specific
embodiments disclosed.THE CLAIMS DEFINING THE
INVENTION ARE AS FOLLOWS:- 1. A porous polymeric
membrane formed from hydrophobic polymer, having
membrane pores are of a size sufficient to permit gas
and/or vapour permeation without permitting the flow
of a hydrophilic fluid across the membrane. 2. A
porous polymeric membrane according t o claim 1
wherein membrane pore size is chosen so as to permit
gas and/or vapour permeation without permitting the
flow of liquid water molecules across the membrane. 3.
A porous polymeric membrane according to claim 1 or
claim 2 wherein membrane pore size is chosen in
combination with membrane material polarity to provide
a gas filtration membrane. 4. A porous polymeric
membrane according to any one of the preceding claims
formed from halar. 5. A porous polymeric membrane
according to any one of the preceding 



claims wherein the pore sizes are in the range 0.05 mm
to 5mm. 6. A porous polymeric membrane according to
claim 5 wherein the pore sizes are in the range O.l mm
t o l mm. 7. A porous polymeric membrane according to
claim 6 wherein the pore sizes are in the range O.l mm
to 0.5 mm. 8. A porous polymeric membrane according t
o any one of the preceding claims having a narrow
range of pore size distributions. 9. A porous
polymeric membrane according t o 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%11. A
porous polymeric membrane according t o any one of the
preceding claims having a porosity of 70- 80% 12. A
porous polymeric membrane according to any one of the
preceding claims having a porosity of greater than 80%
13. A porous polymeric membrane according to any one
of the preceding claims 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 the
membrane. 14. A porous polymeric membrane according to
any one of the preceding claims in the form of a flat
sheet. 15. A porous polymeric membrane according to
any one of claims 1 to 13 in the form of a hollow
fibre membrane. 16. A porous polymeric membrane
according to any one of the preceding claims prepared
by thermally induced phase separation. 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 t o any one of claim
1 t o 16 



for use as a gas filtration membrane. 19 A porous
polymeric membrane according to any one of claims 1 t
o 16 used in stripping HF gas. 20. A porous polymeric
membrane according to any one of claims 1 t o 16 used
in degassing of caustic solution.21. A porous
polymeric membrane according to any one of claims 1 to
16 used in chlorine gas/alkaline filtration 22. A
porous polymeric membrane according to any one of
claims 1 to 16 used in degassing tap water to remove
dissolved chlorine. 23. A porous polymeric membrane
according to any one of claims 1 t o 16 used in a
membrane contactor. 24. A porous polymeric membrane
according to any one of the preceding claims free from
toxic solvent residue. 25. A gas filtration membrane
formed from Halar and prepared from a solution
containing one or more compounds according to formula
I or formula II: I Il wherein Ri, R2 and R3 are
independently methyl, ethyl, propyl, butyl, pentyl,
hexyl or other alkyl. R4 is H, OH, COR5, OCOR5,
methyl, ethyl, propyl, butyl, pentyl, hexyl or other
alkyl, methoxy, ethoxy, propoxy, butoxy, pentoxy,
hexoxy or other alkoxy, R5 methyl, ethyl, propyl,
butyl, pentyl, hexyl or other alkyl. 26. A gas
filtration membrane according to claim 25 wherein Ri =
R2 = R3 = ethyl and R4=H. 27. A gas filtration
membrane according to claim 26 wherein compounds
according to formula I or formula Il act as pore
controlling agents.28. A gas filtration membrane
according to claim 27 wherein the compound according
to formula I is citric acid ethyl ester. 29. A gas
filtration membrane according to claim 27 wherein the
compound according to formula Il is glycerol
triacetate. 30. A porous polymeric membrane according
to any one of the preceding 



claims which hydrophobic. 31. A porous polymeric
membrane according t o any one of the preceding claims
which hydrophilic. 32. A porous polymeric membrane
according t o any one of the preceding claims
including a base polymeric material and materials
compatible with the base polymeric material. 33. A
porous polymeric membrane according t o any one of the
preceding claims wherein the base polymeric material
is Halar. 34. A porous polymeric membrane 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.36. 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 conditions are selected to achieve a pore size
which in combination with membrane polarity provides a
gas filtration membrane. 37. A method according to
claim 36 wherein the halar is present in the blend in
an amount ranging from 14-25%. 38. A method according
to claim 37 wherein the halar is present in the blend
in an amount ranging from 16-23%. 39. A method
according to any one of claims 36 to 38 wherein the
lumen forming fluid is digol. 40. A method according
to any one of claims 36 to 39 wherein the process is
conducted at elevated temperatures above 2000C. 41. A
method according to any one of claims 36 to 39 wherein
the process is conducted at elevated temperatures
above 2200C. 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;
andwherein the conditions are selected to achieve a
pore size which in combination with membrane polarity
provides a gas filtration membrane. 


