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A POLYMER BLEND FOR MEMBRANES

RELATED APPLICATIONS

The present application claims priority to Australian provisional application

number 2012904007 titled A POLYMER BLEND FOR MEMBRANES, filed on

September 14, 2012.

BACKGROUND

1. Technical Field

Aspects and embodiments disclosed herein relate to blended polymers, their

use as porous polymeric filtration membranes and to methods of preparation thereof.

2. Discussion of Related Art

Membrane filtration devices may be used to separate contaminants, for

example, particles, solids, and/or micro-organisms from fluids, for example, water. In

membrane filtration devices, fluid is driven through a membrane, while contaminants

are excluded from passing through the membrane on the basis of size, due to

adsorption onto surfaces of the membrane, or due to electrostatic repulsion from

surfaces of the membrane. The driving force for moving fluid through the membrane

is typically fluid pressure. Pores in the membrane may exclude particles having sizes

greater than the pores from passing through the membrane wall.

A barrier is typically formed between an incoming liquid stream to be filtered,

typically referred to as feed, and the filtered liquid stream, typically referred to as

filtrate, by sealing the ends of a filtration membrane, for example, a porous hollow

membrane, in a module pot. To accomplish effective filtration it is typically desirable

that the integrity of the barrier is maintained. Any compromise of the barrier integrity

may result in undesirable contamination of the filtrate stream.

The membranes in a membrane filtration system may be formed of various

materials, for example, ceramics or polymers.



SUMMARY

According to one aspect, there is provided a hydrophilic polymeric blend

comprising a compatible mixture of a membrane forming polymer and polyoxazoline.

In some embodiments, the membrane forming polymer is a hydrophobic

polymer. The membrane forming polymer may comprise polyvinylidene fluoride

(PVDF). The polyoxazoline may comprise polyethyloxazoline (PEOAz). The

polyoxazoline may have a molecular weight of from about 5,000 g/mol to about

500,000 g/mol.

In some embodiments, the ratio of the membrane forming polymer to the

polyoxazoline is from about 2 :1 by weight to about 50: 1 by weight, from about 3 :1 by

weight to about 28:1 by weight, or from about 3:1 by weight to about 4:1 by weight.

According to another aspect, there is provided a hydrophilic porous polymeric

membrane comprising a compatible mixture of a membrane forming polymer and

polyoxazoline.

In some embodiments, the membrane forming polymer is a hydrophobic

polymer. The membrane forming polymer may comprise PVDF. The polyoxazoline

may comprise PEOAz. The polyoxazoline may have a molecular weight of from

about 5,000 g/mol to about 500,000 g/mol.

In some embodiments, the ratio of the membrane forming polymer to the

polyoxazoline is from about 2 :1 by weight to about 50: 1 by weight, from about 3 :1 by

weight to about 28:1 by weight, or from about 3:1 by weight to about 4:1 by weight.

In some embodiments, the hydrophilic porous polymeric membrane further

comprises a pore forming agent. The pore forming agent may be

polyvinylpyrrolidone-co- vinyl acetate (PVP-VA).

According to another aspect, there is provided a membrane forming dope. The

membrane forming dope comprises a membrane forming solvent and a dissolved

polymeric blend including a compatible mixture of a membrane forming polymer and

polyoxazoline.

In some embodiments, the membrane forming dope further comprises a pore

forming agent. The membrane forming dope may further comprise one of

polyvinylpyrrolidone-co- vinyl acetate (PVP-VA) and water.



In some embodiments, the membrane forming solvent is selected from the

group consisting of N-methylpyrrolidone (NMP), dimethyl acetaminde (DMA),

dimethylformamide (DMF), dimethyl sulfoxide (DMSO), triethyl phosphate (TEP),

and butyrolactone. The membrane forming solvent may be NMP. The membrane

forming solvent may be present in the membrane forming dope in an amount of from

about 60 wt to about 80 wt .

In some embodiments, the polymeric blend is present in the membrane

forming dope in an amount of from about 1 wt to about 25 wt or from about 14

wt to about 20 wt .

According to another aspect, there is provided a method of increasing the

hydrophilicity of a porous polymeric membrane. The method comprises

incorporating polyethyloxazoline into a membrane forming dope prior to forming the

porous polymeric membrane from the membrane forming dope.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings are not intended to be drawn to scale. In the

drawings, each identical or nearly identical component that is illustrated in various

figures is represented by a like numeral. For purposes of clarity, not every component

may be labeled in every drawing. In the drawings:

FIG. 1 is a table of the compositions and selected properties of various

membranes formed in accordance with embodiments disclosed herein; and

FIG. 2 is a group of SEM images of cross sections of embodiments of hollow

fiber membranes in accordance with the present disclosure.

DETAILED DESCRIPTION

Aspects and embodiments of filtration membranes and of methods of forming

same disclosed herein overcome or ameliorate disadvantages of the prior art and

provide useful alternatives.

The aspects and embodiments disclosed herein are not limited in application to

the details of construction and the arrangement of components set forth in the

following description or illustrated in the drawings. The disclosed aspects and



embodiments are capable of being practiced or of being carried out in various ways.

Also, the phraseology and terminology used herein is for the purpose of description

and should not be regarded as limiting. The use of "including," "comprising,"

"having," "containing," "involving," and variations thereof herein is meant to

encompass the items listed thereafter and equivalents thereof as well as additional

items.

Synthetic polymeric membranes may be utilized in the field of filtration, for

example, ultrafiltration and/or microfiltration, for a variety of purposes including, but

not limited to, desalination, gas separation, water or wastewater purification, dialysis,

and the separation of particles from fluids in municipal drinking water and in the

food, pharmaceutical, metalworking, dairy, and wine industries. The properties of the

membranes vary depending on the morphology of the membranes, for example,

depending on properties such as symmetry, pore shape, pore size, and the chemical

nature of the polymeric material used to form the membrane. For example,

microporous phase inversion membranes and membranes having high surface charges

are particularly well suited for the removal of viruses and bacteria from a fluid

medium as disclosed in co-pending U.S. Patent Application No. 12/973,508, titled

CHARGED POROUS POLYMERIC MEMBRANES AND THEIR

PREPARATION, filed December 20, 2010, which is incorporated herein by

reference.

Different membranes can be used for specific separation processes, including

microfiltration, ultrafiltration, and reverse osmosis. Microfiltration, ultrafiltration,

and reverse osmosis are pressure driven filtration processes which are distinguished

by the size of the particles or molecules that a membrane is capable of retaining or

passing. Microfiltration can remove very fine colloidal particles in the micrometer

and sub-micrometer range. As a general rule, microfiltration can filter particles down

to 0.05 µιη, whereas ultrafiltration can retain particles as small as Ο.ΟΙµιη and smaller.

Reverse osmosis systems are typically capable of removing even smaller particles

from a liquid.

A large filtration membrane surface area may facilitate the production of a

large flux of filtrate from a fluid to be filtered. A compact filtration apparatus may



include membranes formed in the shape of hollow porous fibers. Hollow fiber

membranes offer the combined benefits of high surface area, high achievable

membrane packing densities, sanitary design, and good structural integrity. As a

result, systems utilizing hollow fiber filtration membranes may be capable of

providing for a greater rate of fluid filtration while using less space and lower power

consumption as compared to systems utilizing other forms of filtration membranes.

Hollow fiber membranes are thus highly practical and cost effective alternatives to

other membrane configurations which may be used in separation processes such as

flat sheet or spiral wound membranes.

A large number of hollow fiber filtration membranes (for example, up to

several thousand) may be bundled together and housed in a filtration module. The

hollow fiber filtration membrane module configuration is a highly desirable one as it

enables the modules to achieve a very high filtration membrane surface area per unit

volume. The hollow fiber filtration membranes may act in parallel to filter a fluid, for

example, water, for purification. In "outside-in" filtration, fluid to be filtered may

flow in contact with the outer surface of all the hollow fiber filtration membranes in

the module. By applying pressure across the walls of the hollow fiber filtration

membranes (a transmembrane pressure), the fluid is forced into the central channel, or

lumen, of each of the hollow fiber filtration membranes while microcontaminants

remain trapped outside the hollow fiber filtration membranes. The filtered fluid, or

filtrate, may collect inside the hollow fiber filtration membranes and be drawn off

through ends of the lumens. In "inside-out" filtration, fluid to be filtered may flow in

contact with the lumens of the membranes. The fluid may be forced through the walls

of the membranes by the application of a transmembrane pressure and filtrate may be

collected from the external sides of the membranes.

To facilitate their use as hollow fiber filtration membranes polymeric fibers

may be formed with a microstructure which provides for microfiltration to readily be

performed. In some embodiments, it has been found beneficial for the microstructure

of ultrafiltration and microfiltration membranes to be asymmetric. For example, in

some embodiments, the pore size gradient across the membrane is not homogeneous,

but rather varies in relation to the cross-sectional distance within the membrane. In



some embodiments, it has been found beneficial to provide hollow fiber filtration

membranes as asymmetric membranes possessing tightly bunched small pores on

outer surfaces and larger more open pores towards the inside edge of the membrane

walls. This microstructure has been found to be advantageous as it provides a good

balance between mechanical strength and filtration efficiency.

The chemical properties of hollow fiber membranes are also important factors

in determining the utility and effectiveness of the hollow fiber membranes for use in

fluid filtration. The hydrophilic or hydrophobic nature of a hollow fiber membrane is

one important chemical property.

Many of the polymers traditionally used to cast porous filtration membranes

are hydrophobic polymers. Water can be forced through a hydrophobic porous

membrane by use of sufficient pressure, but the pressure needed may in some

instances be very high, for example, between about 150 psi (1 MPa) and 300 psi (2

MPa). A membrane may be damaged at such pressures and generally does not

become wetted evenly.

It has been observed that hydrophilic membranes generally suffer less

adsorptive fouling than hydrophobic membranes. Hydrophobic membranes, however,

usually offer better chemical, thermal, and biological stability than hydrophilic

membranes. In the field of water filtration membranes, it may in some instances be

desirable to combine the low-fouling properties of hydrophilic polymeric membranes

with the stability of hydrophobic polymeric membranes.

Hollow fiber microfiltration and/or ultrafiltration membranes may be prepared

from polymers including, for example, polyolefins, polyvinylidene fluoride (PVDF),

polyethersulfone (PES), polysulfone (PSf), polyacrylonitrile (PAN), ethylene-

chlorotrifluoroethylene copolymer, ethylene-chlorotrifluoroethylene terpolymer with

n-butyl acrylate, terpolymers of vinyl fluoride/chloride, vinylidene fluoride/chloride,

hexafluoropropylene, chlorotrifluoroethlyene, and tetrafluoroethylene. These

materials provide desirable structural characteristics and mechanical strength to a

filtration membrane formed therefrom, however, a drawback of some of these

materials is that they are both hydrophobic and undergo fouling readily during use as

filtration membranes. Furthermore, in some demanding applications, mechanical



properties such as the break strength and extension of these materials are less than

optimal.

One method to improve the fouling performance and mechanical properties of

hollow fiber membranes formed of a hydrophobic material is to incorporate a

hydrophilic polymer into the fiber membrane formulation that is able to impart

mechanical and chemical properties to a resulting membrane which are superior to a

membrane formed of the hydrophobic material alone. The term "hydrophilic" is

relative and as used herein refers to compound which when added to a base membrane

forming polymer renders a membrane formed of the resultant mixture more

hydrophilic than if the membrane did not contain that compound. Examples of

hydrophilic polymers which may be incorporated into a hydrophobic membrane

forming material to improve the chemical and/or mechanical properties of the

hydrophobic membrane forming material include, but are not limited to

poly(vinylpyrrolidone) (PVP) and PVP copolymers, such as

poly(vinylpyrrolidone/vinylacetate) copolymer, poly(vinylpyrrolidone/acrylic acid)

copolymer, poly(vinylpyrrolidone/alkylaminomethacrylate) copolymer,

poly(vinylpyrrolidone/alkylaminomethacrylamide) copolymer,

poly(vinylpyrrolidone/methacrylamidopropyl trimethylammonium chloride)

copolymer, polyethylene glycol, polypropylene glycol, polyelectrolyte, polyvinyl

alcohol, polyacrylic acid, cellulose acetate, sulfonated polymers or mixtures of any of

these types of polymers.

Many polymers are incompatible with one another and will not easily mix or

will easily separate if mixed. Membranes formed from a mix of incompatible

polymers often display poor mechanical properties. A compatible polymer blend or

mixture can be defined as one in which the constituent polymers are miscible do not

phase separate in a membrane forming solvent, for example, N-methylpyrrolidone

(NMP), dimethyl acetaminde (DMA), dimethylformamide (DMF), dimethyl sulfoxide

(DMSO), triethyl phosphate (TEP), or butyrolactone. To form membranes having

desirable mechanical and chemical properties from a mixture of polymers, it is often

important that the polymers not only be compatible in a dissolved state (a dope

solution), but also that they behave in a compatible manner during a phase separation



stage to ensure uniform or at least predictable incorporation in the polymeric

membrane. The identification of polymer additives which are both compatible with a

hydrophobic membrane forming polymer and which are capable of improving the

hydrophilicity and/or mechanical properties of the resulting membrane is thus of great

interest.

Aspects and embodiments disclosed herein are described with respect to

polymeric ultrafiltration membranes or microfiltration membranes. However, it will

be appreciated by those skilled in the art that the aspects and embodiments disclosed

herein may be applied to any appropriate polymeric material where modifications of

the kind described are desirable.

It has been discovered that polyoxazoline may form a compatible mixture with

many known hydrophobic membrane forming polymer materials. Incorporating

polyoxazoline into a hydrophobic membrane forming polymer may provide chemical

and/or mechanical properties to a membrane formed from the hydrophobic membrane

forming polymer doped with the polyoxazoline which are superior to those of

membranes formed form the hydrophobic membrane forming polymer alone. For

example, a membrane formed from a hydrophobic membrane forming polymer doped

with polyoxazoline may exhibit greater hydrophilicity, greater achievable elongation

prior to break, a greater break stress, a greater fluid permeability, and/or a greater

bubble point than membranes formed form the hydrophobic membrane forming

polymer alone. Further, polyoxazoline exhibits properties which are superior to many

hydrophilizing agents which have previously been used in combination with

hydrophobic polymers in the formation of filtration membranes. For example, it has

been found that polyoxazoline has better thermal stability than some previously

known hydrophilizing agents, for example, polyvinylalcohol. Polyoxazoline has been

found to exhibit greater solubility in PVDF than polyethylene glycol and may provide

for greater hydrophilicity in a PVDF blend membrane than polyethylene glycol.

Polyoxazoline may be incorporated into PVDF blend membranes at high

concentrations while providing for the membranes to exhibit favorable properties, for

example, properties related to flow and to microstructure and pore size control.



In some embodiments, the polyoxazoline is a polyalkyloxazoline having the

following general formula:

The alkyl group may be methyl, ethyl, propyl, or butyl, or any other suitable

group. In some embodiments, the alkyl group is ethyl, and the additive is

polyethyloxazoline (PEOAz):

In various embodiments, the value of n may be any desired value, for example,

from about 50 to about 5,000, giving polymer molecular weights of between about

5,000 g/mol and about 500,000 g/mol for the polyoxazoline. A suitable commercially

available polyethyloxazoline is Aquazol® poly(2-ethyl-2-oxazoline) (Polymer

Chemistry Innovations, Inc.), which is available in molecular weights of 5,000 g/mol,

50,000 g/mol, 200,000 g/mol, and 500,000 g/mol.

In some embodiments, a membrane formation process may include forming a

membrane dope comprising a membrane forming solvent, a membrane forming

polymer, a polyoxazoline, and optional additives. In some embodiments, the

polyoxazoline may be polyethyloxazoline (PEOAz). The membrane forming polymer

may be a hydrophobic polymer, for example, one or more of a polyolefin, PVDF,

PES, PSf, PAN, ethylene-chlorotrifluoroethylene copolymer, ethylene-

chlorotrifluoroethylene terpolymer with n-butyl acrylate, terpolymers of vinyl

fluoride/chloride, vinylidene fluoride/chloride, hexafluoropropylene,

chlorotrifluoroethlyene, and tetrafluoroethylene. In some embodiments, the

membrane forming polymer, the polyoxazoline, and optional additives are separately



dissolved in a membrane forming solvent (or solvents) and the dissolved solutions are

then combined. In various embodiments, however, the dope can be formed in any

manner known in the art for forming a mixed polymer dope.

In various embodiments, any suitable ratio of components can be utilized. In

some embodiments, the polymeric blend or porous polymeric membrane has a ratio of

membrane forming polymer to polyoxazoline of from about 2:1 wt/wt to about 50:1

wt wt, from about 3:1 wt/wt to about 28:1 wt/wt, or from about 3:1 wt/wt to about 4:1

wt/wt. Outside of these ranges, membrane properties such as mechanical and flow

properties and hydrophilicity may degrade.

In some embodiments, there is provided a membrane dope comprising a

polymeric blend of a membrane forming polymer and polyoxazoline in an amount of

from about 1 wt to about 25 wt , from about 10 wt to about 25 wt , or from

about 14 wt to about 20 wt , and a membrane forming solvent in an amount of

from about 60 wt to about 80 wt . The membrane dope may also further comprise

one or more membrane additives in an amount of from about 1 wt to about 15 wt .

Outside of these ranges, membrane properties such as mechanical and flow properties

and hydrophilicity may degrade.

The one or more membrane additives may include pore forming agents, for

example, polyvinylpyrrolidone (PVP) or polyvinylpyrrolidone-co- vinyl acetate (PVP-

VA). The one or more membrane additives may include water.

Surprisingly, during preparation of membrane formulations including a

hydrophobic polymer and polyoxazoline, no phase separation in the dope is observed.

For example, no phase separation is observed in membrane formulations including

PEOAz and PVDF, or PEOAz and other pore forming agents, for example,

polyvinylpyrrolidone (PVP), or polyvinylpyrrolidone-co-vinyl acetate (PVP-VA) in

NMP or in any other solvent in which the respective polymers are soluble. PEOAz is

compatible with PVDF and blends of PVDF with various pore forming additives.

Porous fiber membranes may be prepared from membrane dopes including a

hydrophobic polymer and polyoxazoline by a diffusion induced phase separation

(DIPS) process, although thermally induced phase separation (TIPS) could also be

used.



In the DIPS process a polymeric mixture is dissolved in a membrane forming

solvent. The dissolved polymeric mixture is then contacted with a non-solvent for the

polymeric mixture which is miscible with the solvent. Water, for example, is a

suitable polymer non-solvent miscible with NMP. The solvent mixes with the non-

solvent, and at the interface between the solvent and non-solvent, the polymer begins

to separate. The precipitated polymer forms a porous structure containing a network

of uniform pores.

In the TIPS procedure, a thermoplastic polymer or polymeric mixture is

dissolved in a latent solvent which will dissolve the polymer at an elevated

temperature but will not do so at lower temperatures. 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. The polymer solution can be

cast as a film or hollow fiber, 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. Again, the precipitated polymer forms a porous structure

containing a network of uniform pores.

In both TIPS and DIPS procedures, the 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.

EXAMPLES

Membrane forming dopes

To demonstrate how the addition of polyoxazoline may improve the

mechanical and/or chemical properties of a membrane formed from a hydrophobic

membrane forming polymer, a number of blends of polyoxazolines and hydrophobic

membrane forming polymers were prepared and their properties analyzed. The details

of the components used are shown in Table 1 in FIG. 1. The solvent used in these

examples was NMP, as indicated in column 2. Column 3 shows the amount of

membrane forming polymer used, which in these examples was PVDF (SOLEF®

1015 PVDF). Columns 4 and 5 show the amount of PEOAz and the relative amount



of each molecular weight PEOAz. Columns 6 and 7 show the amount, if any, of

further additive used (PVP-VA or glycerol). These additives may remain in the

polymeric membrane after production (typically the case with PVP-VA) or be

subsequently washed out (typically the case with glycerol).

Hollow fiber membranes

The membrane dopes 1 to 7 were cast into porous polymeric hollow fibers by

conventional DIPS processes.

Fiber number 1 is a comparative fiber made from PVDF alone (along with

glycerol as an additive). Fibers 2 to 5 contain PVDF and polyoxazoline. Fiber 6 is a

comparative fiber prepared from a PVDF/PVP-VA blend, as is fiber 7, which further

incorporates PEOAz.

The properties and performance of the fibers are shown on the right hand side

of Table 1.

The examples in Table 1 illustrate the use of PEOAz in a polymer solution in

an amount of from 0.5 wt to 12 wt (depending on molecular weight), but a useful

range of polyoxazoline which may be added to a hydrophobic polymer to form a

filtration membrane having desirable properties may be from about 0.05 wt up to

about 18 wt of the total polymer solution composition. The amount of PEOAz used

in a polymer solution may vary depending on the desired membrane properties, for

example, flow properties, mechanical properties, pore size, hydrophilicity, and/or

microstructure, and also depending on the hydrophilic polymer used. A desirable

quantity of PEOAz added to a polymer solution may differ for different hydrophobic

polymers and for hydrophobic polymers having different molecular weights. A

skilled artisan would, upon becoming aware of the benefits of PEOAz as disclosed

herein, be able to adjust the quantities of the membrane forming components required

to achieve the appropriate balance between permeability, mechanical properties, and a

desired membrane microstructure

Table 1 shows that compared to the PVDF-only fiber (example 1), the PVDF-

PEOAz fibers (examples 3 through 5) possessed highly desirable flow properties and

elongation at break. In particular, whereas the clean water permeability and break at



elongation were 37 LMH/bar and 131%, respectively, for the PVDF-only fiber, for

the PVDF-PEOAz membranes, clean water permeability as high as 1559 LMH/bar

and elongation at break as high as 392 % were achieved. These values are extremely

high for polymeric hollow fiber membranes, and are much higher than those seen for

conventional PVDF membranes.

Examples 6 and 7 illustrate PVDF-PEOAz blend membranes prepared in

conjunction with other polymeric pore forming agents. Example 6 is a PVDF

membrane incorporating PVP-VA as a pore forming agent. Example 7 is a PVDF

membrane incorporating PVP-VA as a pore forming agent and further incorporating

PEOAz. Examples 6 and 7 show that the bubble point of the membranes is improved

as compared to a PVDF-only membrane by the addition of PEOAz, although at the

cost of some mechanical strength. Examples 6 and 7 show that PEOAz improves the

properties of not just single polymer membranes but also composite blend membranes

made from two or more polymers (such as PVDF/PVP-VA membranes).

Examples of cross-sectional fiber microstructures, examined via SEM, are

shown in FIG. 2. As can be seen the membrane of Example 5 exhibits a superior,

more regular microstructure than those of Example 1 and Example 4. These SEM

images indicate that PEOAz can be used to control the membrane microstructure.

PVDF/PEOAz membranes are more hydrophilic than PVDF membranes and

as a result exhibit improved resistance to fouling.

Having thus described several aspects of at least one embodiment, it is to be

appreciated various alterations, modifications, and improvements will readily occur to

those skilled in the art. Such alterations, modifications, and improvements are

intended to be part of this disclosure, and are intended to be within the spirit and

scope of the disclosure. Accordingly, the foregoing description and drawings are by

way of example only.



CLAIMS

1. A hydrophilic polymeric blend comprising a compatible mixture of a

membrane forming polymer and polyoxazoline.

2. The polymeric blend of claim 1, wherein the membrane forming polymer is a

hydrophobic polymer.

3. The polymeric blend of claim 2, wherein the membrane forming polymer

comprises polyvinylidene fluoride (PVDF).

4. The polymeric blend of any one of claims 1 to 3, wherein the polyoxazoline is

polyethyloxazoline (PEOAz).

5. The polymeric blend of any one of claims 1 to 4, wherein the polyoxazoline

has a molecular weight of from about 5,000 g/mol to about 500,000 g/mol.

6. The polymeric blend of any one of claims 1 to 5, wherein the ratio of the

membrane forming polymer to the polyoxazoline is from about 2 :1 by weight to about

50:1 by weight.

7. The polymeric blend of any one of claims 1 to 6, wherein the ratio of the

membrane forming polymer to the polyoxazoline is from about 3:1 by weight to about

28:1 by weight.

8. The polymeric blend of any one of claims 1 to 7, wherein the ratio of the

membrane forming polymer to the polyoxazoline is from about 3:1 by weight to about

4:1 by weight.



9. A hydrophilic porous polymeric membrane comprising a compatible mixture

of a membrane forming polymer and polyoxazoline.

10. The hydrophilic porous polymeric membrane of claim 9, wherein the

membrane forming polymer is a hydrophobic polymer.

11. The hydrophilic porous polymeric membrane of claim 10, wherein the

membrane forming polymer comprises polyvinylidene fluoride (PVDF).

12. The hydrophilic porous polymeric membrane of any one of claims 9 to 11,

wherein the polyoxazoline is polyethyloxazoline (PEOAz).

13. The hydrophilic porous polymeric membrane of any one of claims 9 to 12,

wherein the polyoxazoline has a molecular weight of from about 5,000 g/mol to about

500,000 g/mol.

14. The hydrophilic porous polymeric membrane of any one of claims 9 to 13,

wherein the ratio of the membrane forming polymer to the polyoxazoline is from

about 2:1 by weight to about 50:1 by weight.

15. The hydrophilic porous polymeric membrane of any one of claims 9 to 14,

wherein the ratio of the membrane forming polymer to the polyoxazoline is from

about 3:1 by weight to about 28:1 by weight.

16. The hydrophilic porous polymeric membrane of any one of claims 9 to 15,

wherein the ratio of the membrane forming polymer to the polyoxazoline is from

about 3 :1 by weight to about 4 :1 by weight.

17. The hydrophilic porous polymeric membrane of any one of claims 9 to 16,

further comprising a pore forming agent.



18. The hydrophilic porous polymeric membrane of claim 17, wherein the pore

forming agent is polyvinylpyrrolidone-co-vinyl acetate (PVP-VA).

19. A membrane forming dope comprising:

a membrane forming solvent; and

a dissolved polymeric blend including a compatible mixture of a membrane

forming polymer and polyoxazoline.

20. The membrane forming dope of claim 19, further comprising a pore forming

agent.

21. The membrane forming dope of claim 19, further comprising one of

polyvinylpyrrolidone-co-vinyl acetate (PVP-VA) and water.

22. The membrane forming dope of claim 19, wherein the membrane forming

solvent is selected from the group consisting of N-methylpyrrolidone (NMP),

dimethyl acetaminde (DMA), dimethylformamide (DMF), dimethyl sulfoxide

(DMSO), triethyl phosphate (TEP), and butyrolactone.

23. The membrane forming dope of claim 22, wherein the membrane forming

solvent is NMP.

24. The membrane forming dope of any one of claims 19 to 23, wherein the

membrane forming solvent is present in an amount of from about 60 wt to about 80

Wt .

25. The membrane forming dope of any one of claims 19 to 24, wherein the

polymeric blend is present in an amount of from about 1 wt to about 25 wt .

26. The membrane forming dope of claim 25, wherein the polymeric blend is

present in an amount of from about 14 wt to about 20 wt .



27. A method of increasing the hydrophilicity of a porous polymeric membrane

comprising incorporating polyethyloxazoline into a membrane forming dope prior to

forming the porous polymeric membrane from the membrane forming dope.
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