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INTEGRALLY ASYMMETICAL, ISOPOROUS BLOCK COPOLYMER MEMBRANES IN
FLAT SHEET GEOMETRY

FIELD OF THE INVENTION

The present invention relates to a method of producing inte-
grally asymmetrical block copolymer membranes 1in flat sheet

geometry.

BACKGROUND OF THE INVENTION

Porous synthetic membranes are used e.g. in research as sup-
porting media in tissue engineering, as optical materials, as
antireflection coatings, 1in catalysis, as biological or gas
sensors, 1in separation technology, e.g. for filtration, as di-
electric materials for electronic devices, etching masks, etc.
They are commonly made from amphiphilic block copolymers in a

non-solvent induced phase inversion process.

Porous synthetic membranes can be made from wvarious block-
copolymers. J. Hahn et al. “Thin Isoporous Block Copolymer
Membranes: It Is All about the Process”, ACS Appl. Mater. In-
terfaces, 2015, 7 (38), 21130-7 discloses a method for produc-
ing thin isoporous integrally-asymmetrical membranes introduc-
ing a spray or dip coating step into the membrane formation
process of different diblock copolymers 1like polystyrene-
block-poly (4-vinylpyridine), poly (oa—methylstyrene)-bock-
poly (4-vinylpyridi-ne), and polystyrene-block-poly (iso-—
propylglycidyl methacrylate).

Y. Xie et al. *“Synthesis of highly porous poly(tert-butyl
acrylate)-b-polysulfone-b-poly(tert-butyl acrylate) asymmetric
membranes”, Polym. Chem., 2016, 7, 3076-3089 discloses a meth-

od for producing porous membranes by non-solvent induced phase
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separation of polysulfone-based linear block copolymers. It
was stated that the membranes reach mechanical stability much
higher than other block copolymer membranes used in this meth-

od, which were mainly based on polystyrene blocks.

The membranes are produced using non-solvent induced phase
separation (NIPS), wherein a block-copolymer solution is cast
on a substrate, typically a nonwoven polyester or a glass
plate, by means of a doctor blade, and then immersed in a non-
solvent bath (coagulation bath), typically water, where the
exchange of solvent and non-solvent takes place: the solvent
migrates from the polymer solution to the coagulation bath,
while non-solvent follows the reverse path, leading to the

formation of a porous membrane.

Some parameters which may affect the structure of the result-
ing membrane are the nature of the block-copolymers, the com-
position of the casting solution, the composition of the coag-
ulation bath, the exposure time, the humidity and the tempera-
ture of the air, which all affect the exchange rate of solvent
and non-solvent and the velocity of phase separation. Non-
solvent induced phase separation (NIPS) is taught for example
in U.S. Patents 3,615,024; 5,066,401; and 6,024,872.

Today, phase inversion membranes are widely used in numerous
chemical industries, biotechnology, and environmental separa-

tion processes.

However, integrally asymmetrical membranes with ordered
nanopores on the surface are still not easy to produce relia-
bly. Processes which produce membranes with a pore structure

are known.

WO 2004/005380 Al disclose a method for preparing conductive

ordered ion exchange membranes by dispersing conductive ion
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exchange particles in a polymer melt or 1ligquid at elevated
temperature, allowing the particles or polymer domains to ori-
ent in an electric field and then cool the dispersion to a
solid in an electrical field. Conducting domains are formed by
phase separation under the electric field. These domains ag-
gregate to form conducting channels within the matrix. The
morphologies and shapes of the individual domains and their
aggregates may be as irregular shaped particle, fibers or reg-
ular shaped particles such as spheres, tubules, plates heli-
ces, etc. In terms of size the domains may range from 1 nm to
pm and mm. WO 2004/005380 A1l does not form integrally asymmet-
ric polymer membranes, nor do the membranes exhibit an ordered

pore structure at one of its surfaces.

KR 2008 0083805 A discloses a method for preparing a polymer
film using an electric field while the film solidifies. KR
2008 0083805 A does not use phase inversion, and therefore

does not form integrally asymmetrical polymer membranes.

WO 2008/115848 Al discloses a method for block copolymer coat-
ed substrates with highly ordered cylindrical nanopores where-
in a block copolymer film is coated on a substrate by means of
spin coating. The block copolymer film is aligned by solvent
annealing and used as a template to fabricate a nanopatterned
substrate. A gold layer 1is deposited on the surface of recon-

structed film, and the gold-coated film is ion etched.

It is an object of the present invention to reliably produce
porous, integrally asymmetrical block copolymer membranes in
flat sheet geometry having an ordered pore structure. Prefera-
bly, the pores are isoporous. THe process should be capable of

being applied in a continuous and non-continuous manner.

In the context of the present invention the term “isoporous”

is meant to designate pores having a pore size dispersity,
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i.e. ratio of the maximum pore diameter to the minimum pore
diameter, of at most 3, preferably at most 2. The pore sizes
and pore size distribution can e.g. be determined using mi-

croscopy such as scanning electron microscopy.

In the context of the present invention, the term “integrally
asymmetrical” 1is well-known to a person skilled in the art
(see e.g. WO 00/043114 Al), and 1s meant to designate a mem-
brane having a support layer which has sponge-like, open-
pored, microporous structure and this supporting layer adja-
cent to at least one of its surfaces a separation layer with

denser structure of the same polymer or co-polymer.

SUMMARY OF THE INVENTION

According to an embodiment, the present invention relates to a
method for producing a block copolymer membrane in flat sheet
geometry, the method comprising:

- providing a polymer solution of at least one amphiphilic
block copolymer in a solvent;

- applying the polymer solution onto a substrate to provide
a cast polymer solution;

- applying an electrical field having a field strength of
from 0.5 kV/cm to 10 kV/cm to the cast polymer solution in a
direction substantially perpendicular to the cast polymer so-
lution; and

- thereafter immersing the cast polymer solution into a co-
agulation bath thereby inducing phase inversion to produce an
integrally asymmetrical block copolymer membrane in flat sheet

geometry.

According to an embodiment of the present invention the poly-
mer solution is applied onto the substrate by casting, spray-
ing or dipping, preferably casting. Most preferably, the poly-

mer solution is applied to a substrate in flat sheet geometry
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by means of a doctor blade. The substrate material 1s prefera-
bly a material which does not react with the at least one
amphiphilic block copolymer 1in a solvent, 1like a polymeric

nonwoven or glass.

According to a preferred embodiment of the present invention,
the polymer solution is applied onto the substrate in a thick-
ness ranging from 1 um to 1000 pm, preferably from 50 pm to
500 pm, such as from 100 pm to 300 um.

The electrical field is applied to the cast polymer solution
while microphase separation occurs, i.e. before immersing the
cast polymer solution into a coagulation bath thereby inducing
phase inversion to produce block copolymer membrane in flat
sheet geometry. This distinguishes the present invention from
other studies, where microphase separated systems in the pres-
ence of solvents have been studied, requiring 1less strong
electric fields. The electrical field can be applied as a
“pulse” or for a longer period of time, typically from 1 to
120 seconds, most preferably from 5 to 20 seconds. The cast
polymer solution can be leave to rest for another period of
time, preferably 0 seconds to 120 seconds, most preferably O

to 60 seconds, before immersing into a coagulation bath.

Without wishing to be bound to any theory, according to the
present invention microphase separation occurs during evapora-
tion at the film surface in the presence of an electric field
which aligns just the top surface of the later membrane, while
the structure underneath is less affected, as it i1s more weak-
ly segregated or not microphase separated at all due to the
high swelling. The electric field will guide the direction of
the occurring microphase separation perpendicular to the mem-
brane surface coupled with the dielectric contrast of the

block copolymer. As microphase separation starts, the polymer
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blocks of the block copolymer are aligned and the phase sepa-

rated interface tends to align parallel to the electric field.

DETAILED DESCRIPTION OF THE INVENTION

The at least one amphiphilic block copolymer used in the poly-
mer solution for producing the flat sheet membranes according
to the present invention preferably comprises two or more dif-
ferent polymer blocks such as blocks A, B; or A, B, C; or A,
B, C, D forming block copolymers of the configuration A-B, A-
B-A, A-B-C, A-B-C-B-A, A-B-C-D, A-B-C-D-C-B-A or multiblock
copolymers based on the aforementioned configurations.
Multiblock copolymers comprise structures of the base configu-
rations that repeat multiple times. The polymer blocks are
preferably selected from the group consisting of polystyrene,
poly (a—methylstyrene), poly(para-methylstyrene), poly(t-butyl
styrene), poly(trimethylsilylstyrene), poly(4-vinylpyridine),
poly(2-vinylpyridine), poly(vinyl cyclohexane), polybutadiene,
polyisoprene, poly(ethylene-stat-butylene), poly(ethylene-alt-
propylene), polysiloxane, poly(alkylene oxide) such as
poly(ethylene oxide), poly-e-caprolactone, polylactic acid,
poly(alkyl methacrylate) such as poly(methyl methacrylate),
polymeth—-acrylic acid, poly (alkyl acrylate) such as
poly (methyl acrylate), poly(acrylic acid), poly(hydroxyethyl
methacrylate), polyacrylamide, poly-N-alkylacrylamide,
polysulfone, polyaniline, polypyrrole, polytriazole,
polyvinylimidazole, polytetrazole, polyethylene diamine,
poly(vinyl alcohol), polyvinylpyrrolidone, polyoxadiazole,

polyvinylsulfonic acid, polyvinyl phosphonic acid or polymers.

Preferred amphiphilic block copolymers for use in the present
invention are selected from polystyrene-b-poly (4-
vinylpyridine) copolymers, poly (a—methylstyrene)-b-poly (4-
vinylpyridine) copolymers, poly(para-methylstyrene)-b-poly (4-
vinylpyridine) copolymers, poly(t-butylstyrene)-b-poly (4-
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vinylpyridine) copolymers, poly(trimethylsilylstyrene) -b-
poly (4-vinylpyridine) copolymers, polystyrene-b-poly (2-
vinylpyridine) copolymers, poly (a—methylstyrene)-b-poly(2-
vinylpyridine) copolymers, poly(para-methylstyrene)-b-poly(2-
vinylpyridine) copolymers, poly(t-butylstyrene)-b-poly (2-
vinylpyridine) copolymers, poly(trimethylsilylstyrene) -b-

poly (2-vinylpyridine) copolymers, polystyrene-b-polybutadiene
copolymers, poly(a-methylstyrene)-b-polybutadiene copolymers,
poly (para-methylstyrene)-b-polybutadiene copolymers, poly (t-
butylstyrene)-b-polybutadiene copolymers,
poly (trimethylsilylstyrene)-b-polybutadiene copolymers, poly-
styrene-b-polyisoprene copolymers, poly (a—methylstyrene)-b-
polyisoprene copolymers, poly(para-methylstyrene) -b-
polyisoprene copolymers, poly (t-butylstyrene)-b-polyisoprene
copolymers, poly(trimethylsilyl-styrene)-b-polyisoprene copol-
ymers, polystyrene-b-poly(ethylene-stat-butylene) copolymers,
poly (a—methylstyrene)-b-poly(ethylene-stat-butylene) copoly-
mers, poly(para-methylstyrene)-b-poly(ethylene-stat-butylene)
copolymers, poly(t-butylstyrene)-b-poly(ethylene-stat-
butylene) copolymers, poly (trimethylsilylstyrene)-b-
poly(ethylene-stat-butylene) copolymers, polystyrene-b—
(ethylene—-alt-propylene) copolymers, poly(a-methylstyrene)-b-
(ethylene—-alt-propylene) copolymers, poly(para-methylstyrene)-
b-(ethylene-alt-propylene) copolymers, poly(t-butylstyrene)-b-
(ethylene—-alt-propylene) copolymers,
poly (trimethylsilylstyrene)-b—(ethylene-alt-propylene) copoly-

mers, polystyrene-b-polysiloxane copolymers, poly (a—
methylstyrene)-b-polysiloxane copolymers, poly (para-—
methylstyrene)-b-polysiloxane copolymers, poly (t-
butylstyrene)-b-polysiloxane copolymers,

poly (trimethylsilylstyrene)-b-polysiloxane copolymers, poly-—
styrene-b-polyalkylene oxide copolymers, poly (a—
methylstyrene)-b-polyalkylene oxide copolymers, poly (para-—
methylstyrene)-b-polyalkylene oxide copolymers, poly (t-
butylstyrene)-b-polyalkylene oxide copolymers, poly(trimethyl-
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silylstyrene)-b-polyalkylene oxide copolymers, polystyrene-b-
poly—-¢—caprolactone copolymers, poly(oa-methylstyrene)-b-poly-
¢—caprolactone copolymers, poly(para-methylstyrene)-b-poly—-¢-
caprolactone copolymers, poly(t-butylstyrene)-b-poly—¢-
caprolactone copolymers, poly(trimethylsilylstyrene)-b-poly-e-
caprolactone copolymers, polystyrene-b-poly(methyl methacry-

late) copolymers, poly(a-methylstyrene)-b-poly(methyl methac-

rylate) copolymers, poly (para-methylstyrene)-b-poly(methyl
methacrylate) copolymers, poly(t-butylstyrene)-b-poly(methyl
methacrylate) copolymers, poly (trimethylsilylstyrene)-b-
poly (methyl methacrylate) copolymers, polystyrene-b—

poly (methyl acrylate) copolymers, poly (a—methylstyrene)-b-
poly(methyl acrylate) copolymers, poly(para-methylstyrene)-b-
poly (methyl acrylate) copolymers, poly(t-butylstyrene)-b-
poly (methyl acrylate) copolymers, poly(trimethylsilylstyrene)-
b-poly(methyl acrylate), polystyrene-b-poly(hydroxyethyl meth-
acrylate) copolymers, poly (a—methylstyrene)-b-
poly (hydroxyethyl methacrylate) copolymers, poly (para-—
methylstyrene)-b-poly (hydroxyethyl methacrylate) copolymers,
poly(t-butylstyrene)-b-poly (hydroxyethyl methacrylate) copoly-
mers, poly(trimethylsilylstyrene)-b-poly(hydroxyethyl methac-
rylate) copolymers, polystyrene—-b-polyacrylamide copolymers,

poly (a—methylstyrene)-b-polyacrylamide copolymers, poly(para-

methylstyrene)-b-polyacrylamide copolymers, poly (t-
butylstyrene)-b-polyacrylamide copolymers, poly (trimethyl-
silylstyrene)-b-polyacrylamide copolymers, polystyrene-b-
poly (vinyl alcohol) copolymers, poly (a—methylstyrene)-b-
poly(vinyl alcohol) copolymers, poly(para-methylstyrene) -b-
poly (vinyl alcohol) copolymers, poly(t-butylstyrene)-b-
poly(vinyl alcohol) copolymers, poly(trimethylsilylstyrene)-b-
poly (vinyl alcohol) copolymers, polystyrene-b—
polyvinylpyrrolidone copolymers, poly (a—methylstyrene) -b—

polyvinylpyrrolidone copolymers, poly (para-methylstyrene)-b-
polyvinylpyrrolidone copolymers, poly (t-butylstyrene)-b-
polyvinylpyrrolidone copolymers, poly(trimethylsilylstyrene)-
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b-polyvinylpyrrolidone copolymers, polystyrene-b-poly-
vinylcyclohexane copolymers, polystyrene-b-poly-—
vinylcyclohexane copolymers, polystyrene-b-poly(vinyl-
cyclohexane) copolymers, polystyrene-b-poly-vinylcyclohexane
copolymers, poly (trimethylsilylstyrene)-b-poly(vinylcyclo-

hexane) copolymers and the like.

The block copolymers and the polymer blocks used according to
the present invention preferably have a polydispersity of less
than 2.5, more preferably of less than 2.2, more preferably of
less than 2.0. The polymer lengths of the at least two polymer
blocks of the amphiphilic block copolymers are preferably se-
lected with respect to each other so that a self-organization
in the solvent leads to the formation of a spherical, cylin-
drical or <co-continuous, 1in particular gyroidal, micelle
structures or microphase structures in the solvent, in partic-
ular a length ratio between approximately 2:1 and approximate-—
ly 10:1, 1in particular between approx. 3:1 and 6:1. These
length ratios of the majority components to the minority com-
ponents of the block copolymers lead to the desired micelle
structure, i.e. to the inclusion of individual spherical mi-
celles of the minority components in the bulk of the majority
components or to cylindrical or continuous, for example
gyroidal, micelle structures, in which the minority components
form the cylinders or respectively gyroidal filaments or re-

spectively branchings in the bulk of the majority components.

The block copolymers preferably have a molecular weight be-
tween 50 kg/mol and 200 kg/mol, in particular between 75
kg/mol and 150 kg/mol. In this range, the pore size can be ad-
justed in a particular fine manner through selection of the
molecular weight. The polymer preferably makes up a percentage
by weight between 10 wt.% and 50 wt.%, and most preferably be-

tween 15 wt.% and 35 wt.% of the polymer solution.
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Several solvents are suitable for preparing the polymer solu-
tion. Preferred solvents include diethyl ether, dimethyl-
formamide, dimethylacetamide, N-methylpyrrolidone, dimethyl-
sulfoxide, acetonitrile, dioxane, acetone, and/or
tetrahydrofurane. According to an embodiment a pure solvent or
a solvent mixture is applied which 1is preferably selected such
that different polymer blocks of the amphiphilic block copoly-
mers are soluble up to different degrees and such that sol-
vents are volatile to different degrees. The use of a solvent
mixture supports the solidification of the self-organization
and microphase formation on the surface of the membrane before

immersion in the precipitation bath.

According to a further preferred embodiment of the present in-
vention, the polymer solution comprises at least one metal
salt. Preferably the metal 1is selected from an element of the
second main group of the periodic system of elements, such as
Mg, Ca or Sr or from non-toxic transition metals such as Fe.
More preferably, the salt is an organic salt of Mg, Ca or Sr,
most preferably magnesium acetate. The metals of the second
main group of the periodic system are biocompatible making
them preferred for membranes with bioclogical or medical appli-
cations. The supporting effect of the salt in the phase sepa-
ration can probably be explained in that the metal salt leads
to the formation of partially charged polyelectrolytic micelle
cores, which positively impact the precipitant-induced phase

separation.

According to a still further preferred embodiment, the polymer
solution comprises at least one carbohydrate, multifunctional
alcohol, multifunctional phenol and/or multifunctional organic
acid. Preferred carbohydrates include saccharose, D(+) -
glucose, D(-)-fructose and/or cyclodextrin, in particular o-
cyclodextrin. Carbohydrates as used in the present invention

lead to a stabilization of the isoporous separation-active
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surface during the phase inversion. The supporting effect of
the at least one carbohydrate in phase separation can probably
be explained in that the carbohydrates form hydrogen bonds
with the hydrophilic block of the block copolymers.

A variety of materials can be selected as a substrate materi-
al, provided that it does not react with the polymer solution
of at least one amphiphilic block copolymer in a solvent.
Preferably the substrate material is a glass plate. According
to another embodiment, the polymer solution 1s cast onto a
glass plate using a doctor blade. Alternatively, the polymer
solution is applied onto the substrate by spraying or dipping.
Also in these embodiments the substrate material is preferably

a glass plate.

The method of the present invention applies a phase separation
process where the cast polymer solution is transferred into a
coagulation bath. The cast polymer solution can be leave to
rest for another period of time, preferably 0 seconds to 120
seconds, most preferably 0 to 60 seconds, before immersing in-
to a coagulation bath. However, it should not dry out, as oth-

erwise phase separation cannot occur in the coagulation bath.

The membrane precipitates 1in the coagulation bath by phase

separation to form an integrally asymmetric polymer membrane.

The liquid in the coagulation bath preferably comprises water,

methanol, ethanol or a mixture of two or more thereof.

According to a preferred embodiment of the present invention,
the electrical field is generated by placing the cast polymer
solution between two flat electrodes. Preferably the gap be-
tween the two electrodes is set as between 4 and 10 cm. Dif-
ferent voltages of direct current can be applied, such as be-

tween 5 kV and 50 kV, preferably for periods of time between
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1 second and 5 minutes, more preferably between 5 seconds and
60 sonds, most preferably for periods of time between 10 se-

conds and 30 seconds.

The electric field strength is given by the high wvoltage and
gap distance between the two electrodes. The electric field
strength is calculated by the model of parallel plate capaci-
tor, namely, the ratio between the high voltage and gap dis-
tance. The electric field is from 0.5 kV/cm to 10 kV/cm, pref-
erably 0.9 kV/cm to 6.9 kV/cm. In this situation, the gap dis-
tance between two electrodes could e.g. be set as between 3 cm
and 1 cm, such as 5.8 cm. Different voltages of direct current

can be applied, such as between 5 kV and 40 kV.

An illustrative setup of the electrical field assembly accord-
ing to the present invention is schematically shown in Fig. 1.
Fig. 1 shows a cast polymer solution on a substrate to which,
during initial evaporation of solvent, a direct current elec-
trical field is applied in a direction substantially perpen-—

dicular to the cast polymer solution.

The invention is further described by the appending examples,
which are of illustrative purposes only, and which shall not

limit the present invention.

EXAMPLE 1 and COMPARATIVE EXAMPLE 1

A block copolymer of polystyrene-b-poly~4-vinylpyridine (PS-b-
P4VP) with a molecular weight of 100 kg/mol and 25 wt% of P4VP
was dissolved 1in a mixture of dimethylformamide (DMF) and
tatrahydrofurane (THF) to produce a solution of at least one
amphiphilic block copolymer in a solvent. The concentration of
PS-b-P4VP in the solution was 25 wt%. DMF and THF each were

present in a weight concentration of 37.5 wt%.
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The polymer solution was applied onto a glass plate using a
doctor blade to produce a cast polymer solution on the glass
plate with 200 pm in thickness. Thereafter, the glass plate
with the cast polymer solution was then placed between two
flat electrodes having a gap of 5.8 cm between the two elec-
trodes, and then a direct current electrical field of 30 kV

for 10 seconds.

Thereafter, the glass plate with the cast polymer solution was
thereafter - after a rest period of 5 seconds - immersed into
a water bath thereby inducing phase inversion to produce block
copolymer membrane in flat sheet geometry. After sufficient
immersion time, the block copolymer membrane in flat sheet ge-

ometry was removed and dried in vacuum.

For comparison purposes, a comparative block copolymer mem-
brane in flat sheet geometry membrane was produced in the same
way as above with the exception of the electric field treat-
ment. Instead, the glass plate with the cast polymer solution
was left to rest for 15 seconds before immersing the glass

plate with the cast polymer solution into a water bath.

The surface morphologies of both the block copolymer membrane
in flat sheet geometry according to the present invention and
the comparative block copolymer membrane in flat sheet geome-
try membrane were measured using scanning electron microscopy

(SEM), as shown in Figs. 2a and Z2b.

Fig. 2 shows the surface morphology of membranes fabricated
(a) by casting (5 sec) followed by an electric field with a
voltage of 30 kV for 10 sec; (b) by casting (5 sec) followed
by another 10 sec in air atmosphere. The concentration of
PS(75k) -b-P4VP (25k) was 25 wt%.
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The comparative PS-b-P4VP block copolymer membrane 1in flat
sheet geometry membrane (Fig. 2b) shows parallel lamellae,
whereas the PS-b-P4VP block copolymer membrane in flat sheet
geometry membrane produced according to the present invention
shows a morphology with ordered, isoporous nanopores (Fig.
2a) .

EXAMPLE 2 and COMPARATIVE EXAMPLE 2

Example 1 was repeated with the exception that the concentra-
tion of PS-b-P4VP was 20 wt% and that an electrical field of
10 kV was applied for 10 seconds before immersing the glass
plate with the cast polymer solution into a water bath. Again,
for comparison, a comparative membrane was produced according
to the method of Example 2 without electric field treatment.
Instead, the glass plate with the cast polymer solution was
left to rest for 5 seconds before immersing the glass plate

with the cast polymer solution into a water bath.

The surface morphologies of both the block copolymer membrane
in flat sheet geometry according to the present invention and
the comparative block copolymer membrane in flat sheet geome-
try membrane were measured using scanning electron microscopy

(SEM), as shown in Figs. 3a and 3b.

Fig. 3 shows the surface morphology of membranes fabricated
(a) by casting (5 sec) followed by an electric field with a
voltage of 10 kV for 5 s; (b) by casting (5 sec) in an air at-
mosphere. The concentration of PS(75k)-b-P4VP(25k) was 20 wt%.

The comparative PS-b-P4VP block copolymer membrane 1in flat
sheet geometry membrane (Fig. 3b) shows spares and disordered
nanopores, whereas the PS-b-P4VP block copolymer membrane in

flat sheet geometry membrane produced according to the present
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invention shows a morphology with ordered, isoporous nanopores

(Fig. 3a).
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Claims

A method for producing a block copolymer membrane in flat

sheet geometry, the method comprising:

- providing a polymer solution of at least one
amphiphilic block copolymer in a solvent;

- applying the polymer solution onto a substrate to
provide a cast polymer solution;

- applying an electrical field having a field strength
of from 0.5 kV/cm to 10 kV/cm to the cast polymer so-—
lution in a direction substantially perpendicular to
the cast polymer solution; and

- thereafter immersing the cast polymer solution into a
coagulation bath thereby inducing phase inversion to
produce an integrally asymmetric block copolymer mem-

brane in flat sheet geometry.

The method of claim 1, wherein the electrical field ap-
plied to the cast polymer solution 1s a direct current

electrical field.

The method of any of the preceding claims, wherein the
electrical field applied to the cast polymer solution is

created by two flat electrodes.

The method of claim 5, wherein a gap between the elec-

trodes 1s between 4 and 10 cm.

The method of any of the preceding claims wherein the
electrical field is applied to the cast polymer solution

for a time period between 5s and 1 min.

The method of any of the preceding claims, wherein the
amphiphilic block copolymer is selected from polystyrene-

b-poly(4-vinylpyridine) copolymers, poly(a-methylstyrene) -
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b-poly(4-vinylpyridine) copolymers, poly (para-
methylstyrene)-b-poly (4-vinylpyridine) copolymers, poly(t-
butylstyrene)-b-poly(4-vinylpyridine) copolymers,
poly(trimethylsilylstyrene)-b-poly(4-vinylpyridine) copol-
ymers, polystyrene-b-poly (2-vinylpyridine) copolymers,
poly (a—methylstyrene)-b-poly(2-vinylpyridine) copolymers,
poly (para-methylstyrene)-b-poly(2-vinylpyridine) copoly-—
mers, poly(t-butylstyrene)-b-poly(2-vinylpyridine) copoly-
mers, poly(trimethylsilylstyrene)-b-poly(2-vinylpyridine)
copolymers, polystyrene—-b-polybutadiene copolymers,
poly (a—methylstyrene)-b-polybutadiene copolymers, poly—
(para-methylstyrene)-b-polybutadiene copolymers, poly(t-
butylstyrene)-b-polybutadiene copolymers, poly(trimethyl-
silylstyrene)-b-polybutadiene copolymers, polystyrene-b-
polyisoprene copolymers, poly(a-methylstyrene)-b-polyiso-
prene copolymers, poly(para-methylstyrene)-b-polyisoprene
copolymers, poly (t-butylstyrene)-b-polyisoprene copoly-
mers, poly(trimethylsilyl-styrene)-b-polyisoprene copoly-
mers, polystyrene-b-poly(ethylene-stat-butylene) copoly-
mers, poly(a-methylstyrene)-b-poly(ethylene-stat-butylene)
copolymers, poly(para-methylstyrene)-b-poly(ethylene-stat-
butylene) copolymers, poly(t-butylstyrene)-b-
poly(ethylene-stat-butylene) copolymers, poly(trimethyl-
silylstyrene)-b-poly(ethylene-stat-butylene) copolymers,
polystyrene-b-(ethylene-alt-propylene) copolymers, poly(o-—
methylstyrene)-b-(ethylene-alt-propylene) copolymers,
poly (para-methylstyrene)-b-(ethylene-alt-propylene) copol-
ymers, poly(t-butylstyrene)-b-(ethylene-alt-propylene) co-

polymers, poly(trimethylsilylstyrene)-b-(ethylene-alt-
propylene) copolymers, polystyrene—-b-polysiloxane copoly-
mers, poly (a—methylstyrene)-b-polysiloxane copolymers,
poly (para-methylstyrene)-b-polysiloxane copolymers,
poly (t-butylstyrene)-b-polysiloxane copolymers,
poly (trimethylsilylstyrene)-b-polysiloxane copolymers,

polystyrene-b-polyalkylene oxide copolymers, poly (a—
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methylstyrene)-b-polyalkylene oxide copolymers, poly(para-
methylstyrene)-b-polyalkylene oxide copolymers, poly(t-

butylstyrene)-b-polyalkylene oxide copolymers,
poly (trimethyl-silylstyrene)-b-polyalkylene oxide copoly-
mers, polystyrene-b-poly—-e-caprolactone copolymers,
poly (a—methylstyrene)-b-poly—-¢—-caprolactone copolymers,

poly (para-methylstyrene)-b-poly-¢—-caprolactone copolymers,
poly(t-butylstyrene)-b-poly—-¢-caprolactone copolymers,
poly (trimethylsilylstyrene)-b-poly—-eg—-caprolactone copoly-
mers, polystyrene-b-poly(methyl methacrylate) copolymers,
poly (a—methylstyrene)-b-poly(methyl methacrylate) copoly-
mers, poly(para-methylstyrene)-b-poly(methyl methacrylate)
copolymers, poly(t-butylstyrene)-b-poly(methyl methacry-
late) copolymers, poly (trimethylsilylstyrene)-b-
poly (methyl methacrylate) copolymers, polystyrene-b—
poly (methyl acrylate) copolymers, poly(a-methylstyrene)-b-
poly (methyl acrylate) copolymers, poly (para-—
methylstyrene)-b-poly(methyl acrylate) copolymers, poly(t-
butylstyrene)-b-poly(methyl acrylate) copolymers,
poly (trimethylsilylstyrene)-b-poly(methyl acrylate), poly-
styrene-b-poly (hydroxyethyl methacrylate) copolymers,
poly (a—methylstyrene)-b-poly (hydroxyethyl methacrylate)
copolymers, poly (para-methylstyrene)-b-poly (hydroxyethyl
methacrylate) copolymers, poly(t-butylstyrene)-b-
poly (hydroxyethyl methacrylate) copolymers,
poly (trimethylsilylstyrene)-b-poly (hydroxyethyl methacry-

late) copolymers, polystyrene-b-polyacrylamide copolymers,

poly (o—methylstyrene)-b-polyacrylamide copolymers,
poly (para-methylstyrene)-b-polyacrylamide copolymers,
poly (t-butylstyrene)-b-polyacrylamide copolymers,

poly (trimethyl-silylstyrene)-b-polyacrylamide copolymers,
polystyrene-b-poly(vinyl alcohol) copolymers, poly (a—
methylstyrene)-b-poly(vinyl alcohol) copolymers,
poly (para-methylstyrene)-b-poly(vinyl alcohol) copolymers,
poly (t-butylstyrene)-b-poly(vinyl alcohol) copolymers,
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poly (trimethylsilylstyrene)-b-poly(vinyl alcohol) copoly-
mers, polystyrene-b-polyvinylpyrrolidone copolymers,
poly (a—methylstyrene)-b-polyvinylpyrrolidone copolymers,
poly (para-methylstyrene)-b-polyvinylpyrrolidone copoly-—
mers, poly(t-butylstyrene)-b-polyvinylpyrrolidone copoly-
mers, and poly(trimethylsilylstyrene)-b-polyvinyl-
pyrrolidone copolymers polystyrene-b-poly-vinylcyclohexane
copolymers, polystyrene—-b-poly-vinylcyclohexane copoly-
mers, polystyrene-b-poly-vinylcyclohexane copolymers, pol-
ystyrene-b-poly-vinylcyclohexane copolymers,
poly (trimethylsilylstyrene)-b-polyvinyl-cyclohexane copol-

ymers and the like.

The method according to any of the preceding claims,
wherein the amphiphilic block copolymer has a

polydispersity of less than 2.5

The method according to any of the preceding claims,
wherein the solvent for the polymer is selected from di-
ethyl ether, dimethylformamide, dimethylacetamide, N-
methylpyrrolidone, dimethyl-sulfoxide, acetonitrile,

dioxane, acetone, and/or tetrahydrofurane.

The method according to any of the preceding claims,
wherein the polymer solution further comprises an organic
metal salt, wherein the metal is selected from an element

of the second main group of the periodic system.

The method according to any of the preceding claims,
wherein the polymer solution further comprises at least
one carbohydrate selected from a multifunctional phenol, a
multifunctional organic acid, saccharose, D(+)-glucose,
D(-)-fructose and/or cyclodextrin, in particular o-

cyclodextrin.
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