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[57] ABSTRACT

This invention relates to a process for the preparation of
hydrophilic membranes by coagulation of a solution of
at least one hydrophobic polymer and at least one hy-
drophilic polymer in a suitable solvent medium in a
coagulation medium. The process according to the
invention is characterized in that hydrophilic microfil-
tration and/or ultrafiltration membranes are prepared
by cross-linking the hydrophilic polymer which 1s pres-
ent in or on the obtained membrane matrix after the
coagulation in an essentially non-swollen state and fix-
ing same as such in or on the polymer matrix. Advanta-
geously the solvents and the undesirable components of
the coagulation medium are removed whereby the hy-
drophilic polymer is converted into an essentially non-
swollen state prior to cross-linking. The removal of the
undesirable components from the membrane takes place
by means of a non-solvent for the hydrophilic polymer
according to the invention. Finally, the invention re-
lates to hydrophilic microfiltration- and/or ultrafiltra-
tion membranes, flat or tubular of a hollow fiber struc-
ture.

13 Claims, No Drawings
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PROCESS FOR THE PREPARATION OF
HYDROPHILIC MEMBRANES AND SUCH
MEMBRANES

Matter enclosed in heavy brackets [ ) appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

The invention relates to a process the preparation of
hydrophilic membranes by coagulation of a solution of
2 hydrophobic and hydrophilic polymer in a suitable
solvent medium in a coagulation medium, as well as to
such hydrophilic membranes.

Such a process and membranes are known from the
German Offenlegungsschrift DE No. 31 49 976.

The membranes, obtained according to this known
process have a water absorption ability of at least 11%,
by weight, based on the total weight of the membrane at
a 100% relative humidity and 25° C.

Such membranes, which are asymmetrical, are espe-
cially suitable for diffusive separations and because of
their great water absorption abaility.

However, the known membranes are not suitable for
microfiltration and/or ultrafiltration, since the pores of
the known membranes are filled with swollen hydro-
philic polymer that hinders a quick passage of a perme-
ate.

The invention aims to provide a process in which the
disadvantages are obviated in an effective way.

To this end the invention comprises a process for the
preparation of hydrophilic membranes by coagulation
of a solution of a hydrophobic polymer and a hydro-
philic polymer in a suitable solvent medium in a coagu-
lation medium, characterized in that hydrophilic mi-
crofiltration and/or ultrafiltration membranes are pre-
pared by cross-linking the hydrophilic polymer which
1 present in or on the obtained membrane matrix after
the coagulation 1n an essentially non-swollen state and
fixing same as such in or on the polymer matrix.

The present invention results in hydrophilic mem-
branes which are especially suitable as microfiltration
and/or ultrafiltration membranes. They may advanta-
geously be apphied where water 1s used due to their
good moistening ability. The membranes according to
the invention may advantageously be used for e.g. the
separation of proteins, because the absorption of same is
reduced to a minimum which means that the mem-
branes are nonfouling.

In this way the hydrophilic membranes prepared
according to the present process may be used by filtra-
tion of milk and dairy products, filtration of foodstuff,
sterile filtration of liquids, plasmaferese and bloodfiltra-
tion and for the preparation of ultra pure water.

It will be clear that the application of the hydrophilic
membranes obtained according to the invention is not
restricted to the above mentioned application.

Further, the hydrophilic membranes according to the
tnvention have as important properties that they posses
a good mechanical sturdiness, are resistant to a great
number of chemicals and moreover will stand high
temperatures. Such membranes are 1n growing demand
since they may be applied for the above mentioned
separation purposes in an economically justified man-
ner, the more so since the hydrophilic membranes ac-
cording to the invention have a water permeability up
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to 8000 1/m2/hr/bar as a result of a good porosity and
the hydrophilic character of the membrane matenal.

A favourable aspect is further that the present mem-
brane surfaces are smooth thus causing less fouling of
the surface.

The membranes according to the invention mainly
have a symmetrical pore structure in the cross-section
as a result of which they may be considered as absolute
membranes. Besides they are especially suitable for
backwashing.

The hydrophilic polymer 1s converted into an essen-
tially non-swollen state prior to cross-linking by remov-
ing of the undesirable components from the polymer
solution, like solvents; and from the coagulation me-
dium like for instance water. :

Such components may be removed in an efficient
way by means of a non-solvent for the hydrophilic
polymer. If one uses as hydrophilic polymer polyvinyl-
pyrrolidone and as hydrophobic polymer polyetheri-
mide and performs the coagulation in a water medium
then in the first place the obtained membrane 1s washed
with ethanol after removal from the coagulation me-
dium and subsequently with hexane as a non-solvent for
the hydrophilic polymer.

As an alternate the undesirable components may be
removed from the membrane, e.g. water or other com-
ponents, by means of conditioned air or gas or freezed-
rying after the membrane has been removed from the
coagulation medium.

After removal of the above mentioned undesirable
components from the membrane the cross-linking of the
essentially dry hydrophilic polymer that is left behind 1n
or on the polymer matrix, i1s accomplished by heating
the membrane up to a temperature between 50° and
350° C.

The cross-linking of the hydrophilic polymer may
also be performed in a proper way by means of suitable
reagents e.g. toluenediisocyanate dissolved in hexane.
Besides, cross-hinking may be obtained by irradiation.

After cross-linking of the hydrophilic polymer a very
stable and sturdy polymer matrix with pores is obtained,
having an excellent permeability for the permeate.

It is to be understood that in the case of the known
hydrophilic membranes such a stable polymer matrix
with an open pore structure i1s out of the question.

Examples of hydrophobic polymers which, accord-
ing to the present process, may be successfully applied
for the preparation of the membranes according to the
invention, are: polysulfone, polyethersulfone, polye-
therketone, poly-2,6-dimethyl, 1,4-phenyleneoxyde and
derivatives therefrom, polyetherimide, polyamides,
polyimides, polyvinylidenefluoride, ideenfluornide etc.,
however, without any restriction.

As hydrophilic polymer a.o. polyacrylic acid, polyvi-
nylalcohol, polyvinylacetate, polyvinylpyrrolidone,
polyethyleneglycol, polyvinylpyridine, polyethylene-
imine, etc. may be used, without any restriction.

According to the invention excellent results are ob-
tained if as hydrophobic polymer polyetherimide and as
hydrophilic polymer polyvinylpyrrolidone is used.

As a solvent—according to the invention—com-
monly N-methylpyrrolidone is used although also other
suitable solvents may be applied, as dimethylsulfoxide,
dimethylformamide, dimethylacetamide, etc.

Very suitable hydrophilic membranes are obtained if
the ratio of polyetherimide/polyvinylpyrrohdone/N-
methylpyrrolidone i1s 10-35% by weight/5-35% by
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weight/85-30% by weight and preferably 15-20% by
weight/10-15% by weight/75-65% by weight.

It 18 to be observed that according to the present
process flat, as well as tubular membranes, on a carrier
or otherwise, may be prepared as membranes of a hol- 5
low fibre structure.

Furthermore, the invention ranges to hydrophilic
microfiltration and/or ultrafiltration membranes flat or
tubular of a hollow fibre structure, consisting of a hy-
drophobic polymer and a hydrophilic polymer, which 10
hydrophilic polymer is cross-linked and is fixed in or on
the polymer matrix, the membrane having pores of
0.001-10 u, a heat-resistance of up to 200° C., a water
permeability of up to 8000 1/m?/hr/bar, a good chemi-
cal resistance and a good mechanical sturdiness.

The process according to the invention will now be
explained in more detail by way of the following non-
limitative examples.

15

EXAMPLE ]

A solution was prepared of 17 parts, by weight, of
polyetherimide (Ultem 1000, trademark General Elec-
tric), 13 parts, by weight, of polyvinylpyrrolidone (M
360,000 Dalton) in 70 parts, by weight, of N-methylpyr-
rolidone (NMP). The polymer solution thus obtained
was spun into a hollow fibre, a method which is known
per se. The obtained hollow fibres were transferred into
a coagulation medium consisting of water with a tem-
perature of 20°-70° C.

After removal of the hollow fibres from the coagula- 30
tion medium the fibres were dewatered by treatment
with successively ethanol and hexane.

After this treatment the fibres are practically free of
water in which state they were subjected to a heat treat-
ment of 150° C. during 10-30 hours in order to crosslink
the polyvinylpyrrolidone present in or on the mem-
brane matrix.

The fibres obtained in this manner have a good resis-
tance to chemicals, have a good mechanical sturdiness
and have a heat-resistance of up to 200° C. and higher.

The fibres have a water permeability of 3000-8000
1/m2/hr/bar and a pore size of 0.5-2 p.

‘This membrane has a water absorbing capacity of
only 4% based on the total weight at a relative humidity
of 100% and at a temperature of 25° C.

EXAMPLE 11

A hollow fibre membrane was prepared according to
the process as described in Example I on the under-
standing that first of all a solution of 16 parts by weight
of polyetherimide and 20 parts by weight of polyvinyl-
pyrrolidone (M 40,000 Dalton) was prepared in 64 parts
of weight of N-methylpyrrolidone (NMP). This poly-
mer solution was subsequently spun into hollow fibre
membranes.

The hollow fibres obtained in this manner have, in
addition to the favourable properties mentioned in Ex-
ample 1, a water permeability of 200-3000 1/m2/hr/bar
at a pore size of 0.05-0.5 p.

EXAMPLE 111

From a polymer solution, prepared according to
Example I, flat membranes were cast. As a coagulation
medium water was used with a temperature of 20°-70°
C., whereas the time between casting and immersing in
the coagulation medium is 10-60 sec. In this manner
membranes were obtained with pore sizes of 0.01-2

pand a water permeability of 200-2000 1/m2/hr /bar.
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EXAMPLE 1V

A solution was prepared of 20 parts, by weight, of
polyethersulfone (Victrex 200, trademark 1.C.1.), 10
parts, by weight, of polyvinylpyrrolidone (M 360.000)
and 70 parts, by weight, of N-methylpyrrolidone. The
polymer solution obtained in this manner was spun into
a hollow fibre. As a coagulation medium water of
20°-70° C. was used.

After dewatering (ethanol/hexane) the fibre was sub-
jected to a heat treatment during 20 hours at a tempera-
ture of 140° C. The water permeability of the obtained
hollow fibre membranes was 100-3000 1/m2/hr/bar,
whereas the size of the pores in the membrane was 0,1-1

M.
EXAMPLE V

A solution was prepared of 20 parts, by weight, of
polyetherimide (Ultem 1000, trademark General Elec-
tric) and 5 parts, by weight, of polyvinylalcohol (M
5000) in 75 parts by weight, of N-methylpyrrolidone.
From the thus obtained polymer solution flat mem-
branes were cast, whereby as a coagulation medium
water was used at a temperature of 20°-70° C. The time
between casting and immersing in the coagulation me-
dium was 10-60 sec. The membrane obtained in this
manner was dewatered by means of ethanol/hexane,
after which the polyvinylalcohol was cross-linked by
means of 1% toluenediisocyanate dissolved in hexane.
This membrane has a pore size of 0.01-0.05 pand a
water permeability of 10-200 1/m2/hr/bar.
We claim:
1. Process for the preparation of hydrophilic mem-
brane of a polymer matrix comprising
obtaining a membrane matrix from a solution of at
least one hydrophobic polymer, at least one hydro-
philic polymer, and a suitable solvent medium,

subjecting the membrane matrix to a coagulation
medium,

converting the membrane matrix into an essentially

non-swollen membrane matrix, and

cross-linking the hydrophilic polymer which is pres-

ent in or on the essentially non-swollen membrane
matrix such that the hydrophilic polymer is fixed in
or on the polymer matrix.

2. Process according to claim 1, characterized in that
the membrane matrix is converted into an essentially
non-swollen membrane matrix by the removal from the
membrane matrix of solvents and undesirable compo-
nents of the coagulation medium whereby the hydro-
philic polymer is converted into an essentially non-
swollen state prior to cross-linking.

3. Process according to claim 2, characterized in that
the removal of the solvents and undesirable components
from the membrane matrix takes place by means of a
non-solvent for the hydrophilic polymer.

4. Process according to claim 2, characterized in that
the removal of the solvents and undesirable components
from the membrane matrix takes place by means of
conditioned air or gas.

5. Process according to any one of claims 1 or 2-4,

. Characterized in that the cross-linking [or]} of the hy-

drophilic polymer takes place by heating of the mem-
brane up to a temperature between 50° and 350° C.
sufficient to crosslink.

6. Process according to any one of claims 2-4, charac-
terized in that the cross-linking of the hydrophilic poly-
mer takes place by means of reagents.
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7. Process according to claim 2, characterized in that
as hydrophobic polymer polyetherimide and as hydro-
philic polymer polyvinylpyrrolidone is used.

8. Process according to claim 7, characterized in that
as a solvent N-methylpyrrolidone is used.

9. Process according to claim 8, characterized in that
the ratio of polyetherimide/polyvinylpyrrolidone/N-
methylpyrrolidone 1s 10-35% by weight/5-35% by
weight/85-30% by weight.

10. Process according to claim 9, characterized in
that the
rolidone/N-methylpyrrolidone 1s 15-20% by weight/-
10-15% by weight/75-65% by weight.

ratto of polyetherimide/polyvinylpyr-

6

11. Process according to claims 2 or 9, characterized
in that a flat or tubular membrane is prepared on a
carrier or otherwise.

12. Process according to claims 2 or 9, charactenized
in that a membrane is prepared of a hollow fibre struc-
ture.

13. Hydrophilic microfiltration- and/or ultra-filtra-
tion membranes, flat or tubular of a hollow fibre struc-
ture consisting essentially of a hydrophobic polymer and

10 at least one hydrophilic polymer which rogether form a
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polymer matrix, said hydrophilic polymer [is]being
cross-linked and fixed in or on the polymer matrix, while
the polymer matrix is essentially non-swollen . the mem-
brane having pores of 0.001-10 u, heat-resistance of up
to 200° C., a water permeability of up to 8000
l/m2/hr/bar, a good chemical resistance and a good

mechanical sturdiness.
- ¥ % o
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