HYDROPHILIC BLOCK COPOLYMERS AND MEMBRANES PREPARED
THEREFROM (1)

BACKGROUND OF THE INVENTION

[0001] Aromatic hydrophobic polymers such as polysulfqrayethersulfone,
poly(phthalazine ether sulfone ketone), poly(p-ptheme sulfide), polyether imide,
polyimide, polyphenylene oxide, polyphenylene ethed polyether ether ketone are useful
for preparing porous membranes due to their chdrsiahility, processability, mechanical
strength, flexibility, and thermal stability. Smthese polymers are generally hydrophobic,
membranes prepared from these polymers are hydooprand thus lack desirable surface
properties such as wettability, low protein adsorptthromboresistance, and controlled
surface chemical reactivity.

[0002] Attempts have been made to improve one or motieeo$urface properties of
membranes made from aromatic hydrophobic polymEos.example, membranes have been
treated with high energy radiation or plasma toampydrophilicity. In other examples,
hydrophilic monomers have been grafted to hydroghwiembrane surfaces. Attempts also
have been made to coat the hydrophobic membrahenaiter soluble polymers such as
polyethylene glycol or polyvinyl pyrrolidone. Tladove attempts for improving properties,
particularly hydrophilicity, however, have one oora drawbacks such as lack of
reproducibility, lack of stability of the modifican, and/or pore clogging.

[0003] The foregoing shows that there is an unmet neelyfdrophilic membranes
formed from aromatic hydrophobic polymers and fonethod of imparting hydrophilicity to
membranes formed from aromatic hydrophobic polymers

BRIEF SUMMARY OF THE INVENTION

[0004] The invention provides a block copolymer compriditygrophilic segments
which are useful in the preparation of hydrophaiembranes from aromatic hydrophobic
polymers. Thus, the present invention providekakbcopolymer of formula A-B-A (1) or
A-B (Il), comprising blocks A and B, wherein blogkis a hydrophilic polymeric segment
comprising polyglycerol and block B is an aromdycirophobic polymeric segment.
[0005] The present invention also provides a method gfgrag a block copolymer

comprising: (i) providing an aromatic hydrophobaymeric segment having one or more



terminal functional groups; and (ii) carrying ourtg opening polymerization of glycidol on
the aromatic hydrophobic polymeric segment in tles@nce of a base.

[0006] The present invention also provides hydrophilicopsrmembranes comprising an
aromatic hydrophobic polymer and a block copolyagdescribed above, and a method of
preparing such porous membranes.

[0007] The present invention has one or more of the faligvadvantages. It provides

for a facile method for tuning the degree of hydhibpity desired in a porous membrane.
Block copolymers of various degrees of hydrophiiere produced from aromatic
hydrophobic polymers. The composition of the kloopolymers is readily characterized by
well known techniques. The porous membranes peepasing the block copolymers are low
in extractables. The block copolymers have stiamftgesion to aromatic hydrophobic
polymers. The porous membranes are stable to gs@mnditions such as autoclaving,

steaming, and isopropanol (IPA) extraction.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWG(S)

[0008] Fig. 1A depicts the SEM of a cross-section of aypermembrane prepared from
the block copolymer in accordance with an embodiméthe invention.

[0009] Fig. 1B depicts a higher magnification SEM of Fig.

[0010] Fig. 2 depicts a diagram illustrating the microstase of a hydrophilic porous
membrane.l represents an aromatic hydrophobic polyr@egpresents the aromatic
hydrophobic polymeric segment of the block copolymeaccordance with an embodiment
of the invention, an@ represents the hydrophilic segment of the bloglobaner.

[0011] Fig. 3A depicts the SEM image of the cross-seatiom membrane in accordance
with an embodiment of the invention. Fig. 3B dép& higher magnification SEM image of
the image depicted in Fig. 3A.

DETAILED DESCRIPTION OF THE INVENTION

[0012] In accordance with an embodiment, the inventiowides a block copolymer of
formula A-B-A (1) or A-B (Il), comprising blocks A&nd B, wherein block A is a hydrophilic
polymeric segment comprising polyglycerol (alsoknaas polyglycidol) and block B is an
aromatic hydrophobic polymeric segment. Porous brames comprising a block copolymer

of the invention and an aromatic hydrophobic polyare hydrophilic.



[0013] In accordance with an embodiment, the polyglyckes one or more of the

following repeat units:
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[0014] In an embodiment, block A comprises of one or nafréhe following structures:
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[0015] In accordance with an embodiment, the aromaticdptulnbic polymeric segment
of the block copolymer is selected from polysulfopelyethersulfone, polyphenylene ether,
polyphenylene oxide, polycarbonate, poly(phthalezaether sulfone ketone), polyether
ketone, polyether ether ketone, polyether ketomenee polyimide, polyetherimide, and
polyamide-imide, preferably polyethersulfone.

[0016] Embodiments of the aromatic hydrophobic polymensems include polysulfone
(PS), polyethersulfone (PES), polycarbonate (Pa@lygbher ether ketone (PEEK),



poly(phthalazinone ether sulfone ketone) (PPES&yphenylene sulfide (PPS),
polyphenylene ether (PPE), polyphenylene oxide (PB@l polyether-imide (PEI), which

have the following structures:
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[0017] The number of repeat units, n, within each of theva aromatic hydrophobic
segment can be from about 10 to about 1000, pi#fehi@mm about 30 to about 300, and
more preferably from about 50 to about 250.

[0018] In accordance with an embodiment, the block copelyai the invention, where

polyethersulfone is the aromatic hydrophobic sedntes the following structure:
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wherein n is about 10 to about 1000, preferablyuab0 to 175, and more preferably about
60 to about 100.
[0019] Where polysulfone is the aromatic hydrophobic paysegment, n is about 10 to
about 1000, preferably about 30 to about 225, aoce mpreferably about 45 to about 130.
[0020] In accordance with an embodiment, block A is presethe copolymer in an
amount of about 20% to about 60 mol% and block Brésent in an amount of about 30% to
about 80 mol%. Preferably, block A is presentriiramount of about 40% to about 55 mol%
and block B is present in an amount of about 40%btmut 60 mol%.
[0021] In accordance with an embodiment, the inventioa plevides a method of
preparing the above block copolymer, the methodprimg:

(i) providing an aromatic hydrophobic polymerigs®nt having one or more
terminal functional groups selected from hydroxgroapto, and amino groups; and

(if) carrying out ring opening polymerization di/gidol on the aromatic hydrophobic
polymeric segment.
[0022] In accordance with an embodiment, the aromaticdptulnbic polymeric segment

is selected from polysulfone, polyethersulfoneypbknylene ether, polyphenylene oxide,



polycarbonate, poly(phthalazinone ether sulfoneme), polyether ketone, polyether ether
ketone, polyether ketone ketone, polyimide, polgathide, and polyamide-imide, preferably
polyethersulfone. The aromatic hydrophobic polsimsegment comprises one or more,
preferably one or two, terminal functional grouptested from hydroxy, mercapto, or amino
groups.

[0023] The functional groups can be provided on the armnhgdrophobic segments by
methods known to those skilled in the art. Fomeple, hydroxy-terminated polyether imide
synthesis is described in U.S. Patents 4,611,0d& #80,066. Thus, for example, hydroxy-
terminated polyether imides can be prepared byehetion of a bis-ether anhydride and a
diamine, followed by reaction with an amino alcaohtlustratively, a hydroxy-terminated
polyether imide can be prepared by the reactidnsg#i-(3,4-dicarboxy-
phenoxy)phenyl)propane dianhydride and m-phenylen@de, followed by reaction with p-
aminophenol.

[0024] Amine-terminated polyether imides can be prepasethé reaction of a bis-ether
anhydride and a diamine. Thus, for example, bi8(4-ficarboxy-phenoxy)phenyl)propane
dianhydride and m-phenylenediamine can be reaotpdoduce an amine terminated
polyether imide. See, for example, U.S. Patert BE7.

[0025] Hydroxy-terminated PEEK is describedJournal of Polymer Science Part B
2006,44, 541 andlournal of Applied Science 2007,106, 2936. Thus, for example, hydroxy-
terminated PEEK with pendetart-butyl groups can be prepared by the nucleophilic
substitution reaction of 4,4’-difluorobenzophenavith tert-butyl hydroquinone with
potassium carbonate as catalyst.

[0026] Hydroxy-terminated polycarbonate is describedournal of Polymer Science:
Polymer Chemistry Edition 1982,20, 2289. Thus, for example, hydroxy-terminated
polycarbonate can be prepared by the reactionsphienol A and phosgene, with in situ
blocking of some of the phenolic groups either ptooor during phosgenation.
Trimethylchlorosilane, trifluoroacetic anhydride,tafluoroacetic acid can be used for the
blocking. The blocking group can be removed atethe of the polymerization.

[0027] Hydroxy-terminated PPO can be prepared as desanbgds. Patent 3,318,959.
Thus, for example, poly-2,6-dimethylphenylene ettaar be reacted with sodium hydroxide
to obtain a PPO having a hydroxyl content of 2.3 toydroxyl groups per molecule.

[0028] In an embodiment, the aromatic hydrophobic polymseigment having one or

more hydroxy groups is of the formula:
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wherein n is about 10 to about 1000, preferablyab0 to 175, and more preferably about
60 to about 100.
[0029]  Polyethersulfone is commercially available, for mxde, as VIRANTAGEM

Q
b-O-HO e
VW-10700 from Solvay, with the formula 0 n

molecular weight 21000 g/mol and OH end groupslérf 2eq/q;

, which has a GPC

Q
o[-t or
as VIRANTAGE VW-10200 from Solvay with the formula 0 n
which has a GPC molecular weight of 44,200 g/madl @i end groups of 80 peg/g; and as

Ht) %@OH
SUMIKAEXCEL™ 5003PS from Sumitomo with the formul o no,
which has a reduced viscosity of 0.50 [1% PES dissbin DMF] and OH end groups in the
range of 0.6-1.4 per molecule.

[0030] Glycidol or 2,3-epoxy-1-propanol contains one epexiing and one hydroxyl
group as functional end groups. Both functional groups are capable of reacting with each
other to form macromolecules which are glycerohagives. The resulting macromolecules
continue to react to form polyglycerol. The openai the epoxide ring of glycidol is
initiated by the nucleophile, i.e., oxide anion,iaongroup, or sulfide anion, of the aromatic
hydrophobic polymeric segment, which is presernthagerminal functional group (amino
group) or is produced by the reaction of the teahgroup (OH or SH) on the aromatic
hydrophobic polymeric segment with the base emplogehe reaction. In an embodiment,
when SH acts as a nucleophile, the use of a bag#iemal. When an amino group is the
nucleophile, then a base is not required.

[0031] Any suitable base can be employed, for examplasa belected from potassium
carbonate, sodium carbonate, cesium carbonatejreddrtiary butoxide, potassium tertiary
butoxide, tetramethylammonium hydroxide, ammoniwurbxide, tetrabutylammonium
hydroxide, sodium hydroxide, potassium hydroxigjum hydroxide, barium carbonate,
barium hydroxide, cesium hydroxide, lithium carb@panagnesium carbonate, magnesium

hydroxide, sodium amide, and lithium amide, and lomrations thereof.



[0032] In accordance with an embodiment, the ring opepwigmerization can be
carried in a suitable solvent, particularly a p@protic solvent. Examples of suitable
solvents include N, N-dimethylacetamide, N, N-dinyfiormamide, dimethyl sulfoxide, and
N-methylpyrrolidone, and mixtures thereof.

[0033] The amount of aromatic hydrophobic polymer or glgtican be present in the
polymerization medium at any suitable concentrationexample, from a concentration of
about 5% to about 60% or more, preferably about i®&bout 50%, and more preferably
about 20% to about 40%, by weight. In an embodintbe concentration is about 30% by
weight.

[0034] The ring opening polymerization is conducted sungt the ratio of the
hydrophobic polymeric segment to glycidol in thaaton mixture is preferably about 1:0.1
to about 1:1.1, more preferably about 1:0.7 to &ahdu9, and even more preferably about
1:0.8.

[0035] The ring opening polymerization is conducted atitable temperature, for
example, from 25 °C to about 120 °C, preferablyuab0 °C to about 110 °C, and more
preferably about 90 °C to 100 °C.

[0036] The polymerization can be carried out for any flédength of time, for
example, about 1 hr to about 100 hrs or more, pabfg about 2 hrs to about 20 hrs, more
preferably about 3 hrs to about 10 hrs. The potiagon time can vary depending on,
among others, the degree of polymerization desiretithe temperature of the reaction
mixture.

[0037] The polymerization can be stopped by quenchingahetion mixture with an
acid. The block copolymer can be isolated fromrdagtion mixture by precipitation with a
nonsolvent, e.g., isopropanol or water. The resylbolymer is dried to remove any residual
solvent or nonsolvent.

[0038] The block copolymer can be characterized by anylsié analytical technique.
For example, the amount of hydrophobic polymergnsent and the amount of the glycidol
block (polyglycerol) can be determined by proton Rilgpectroscopy.

[0039] The present invention further provides a porous brame comprising an
aromatic hydrophobic polymer and a block copolyasdescribed above. The present
invention further provides a method of preparimqpaous membrane comprising an aromatic

hydrophobic polymer and a block copolymer, the méttomprising:
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(i) providing a polymer solution comprising a s, said aromatic hydrophobic
polymer, and said block copolymer;

(if) casting the polymer solution as a thin film;

(iif) subjecting the thin film to phase inversitmobtain a porous membrane; and
optionally

(iv) washing the porous membrane.
[0040] The polymer solution for preparing a membrane doata polymer and a block
copolymer as a wetting agent. Typical polymer 8ohs comprise at least one solvent, and
may further comprise at least one nonsolvent. aBlgtsolvents include, for example, N,N-
dimethylformamide (DMF); N,N-dimethylacetamide (DNIA; N-methyl pyrrolidone
(NMP); dimethyl sulfoxide (DMSO), methyl sulfoxidestramethylurea; dioxane; diethyl
succinate; chloroform; and tetrachloroethane; andures thereof. Suitable nonsolvents
include, for example, water; various polyethylehegls (PEGs; e.g., PEG-200, PEG-300,
PEG-400, PEG-1000); various polypropylene glycaésjous alcohols, e.g., methanol,
ethanol, isopropyl alcohol (IPA), amyl alcoholsxhrols, heptanols, and octanols; alkanes,
such as hexane, propane, nitropropane, heptareesctane; and ketone, ethers and esters
such as acetone, butyl ether, ethyl acetate, agtiaratate; acids, such as acetic acid, citric
acid, and lactic acid; and various salts, suchaéswonm chloride, magnesium chloride, and
lithium chloride; and mixtures thereof.
[0041] Typical casting solutions contain the polymer ia thnge of about 10 wt% to
about 35 wt% resin, in the range of from abouttd.dbout 10 wt%, preferably about 0.2% to
about 2%, and more preferably about 0.3% to ab#ubflthe hydrophilic block copolymer,
in the range of from about 0 to about 90 wt% NMPthie range of from about O to about 90
wt% DMF, and in the range of from about O to akfiivt% DMAC.
[0042] Suitable components of casting solutions are kniovthe art, which may be used
as desired. lllustrative solutions comprising padys, and illustrative solvents and
nonsolvents include those disclosed in, for exampl8. Patents 4,629,563; 4,900,449;
4,964,990, 5,444,097, 5,846,422; 5,906,742; 5,928,8,045,899; and 7,208,200.
[0043] For example, membrane samples can be preparedytheosolution processes
involving non-solvent-induced polymer precipitati@ither by water vapor diffusion or
direct quenching in water. Typically, a solutidrtlee polymer, e.g., PES or PPESK, is
prepared first with solvent DMAC or DMAC/NMP, pofemer PEG400 and other additives.
The solution is applied to a glass plate usingaadlade with 10~15-mil space gap, evenly
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to form a film of polymer dope. The film is theither placed in a chamber with controlled
temperature, air velocity and humidity, or diredttymersed into a water bath with a preset
temperature, allowing some time for the dope todf@m into a solid film. The resulting
solid film sample is leached in 50~70% ethanol/wateot water at a temperature range from
50 °C to 80 °C and then dried in oven at a temperange from 50-70 °C to afford a sheet
of porous polymer membrane.

[0044] As an example, a typical formulation consists cEBR polymer resin at about
15~25 wt%, solvent (NMP/DMAC) of about 200~300 phetting polymer agents at a
typical range of 5~25 phr, up to 50 phr. Pore farfAEG400 is introduced at a concentration
ranging from 50 phr to 100 phr. Other additivea &w percentage 0.5~3.0% can be used as
needed for each individual formulation.

[0045] The casting solution is cast as a flat sheet dassglate or on a moving substrate
such as a moving belt. Alternatively, the cassolytion is cast as a hollow fiber.

[0046] Phase inversion can be effected by any known metRb@se inversion can
include evaporation of the solvent and nonsolvdnt process); exposure to a nonsolvent
vapor, such as water vapor, which absorbs on thesed surface (vapor phase-induced
precipitation process); quenching in a nonsolvigpiid, generally water (wet process); or
thermally quenching a hot film so that the soldpitf the polymer is suddenly greatly
reduced (thermal process).

[0047] In an embodiment, phase inversion is effected Ippsixg the cast solution to a
non-solvent vapor, for example, an atmosphere wfrotbed humidity, following which the
cast solution is immersed in a nonsolvent bath ssclvater bath.

[0048] Alternatively, a hydrophobic membrane can be couaifi¢ldl a hydrophilic block
polymer. Thus, for example, a solution of the kloopolymer is coated on a porous
membrane formed from an aromatic hydrophobic potymea porous membrane dipped in a
solution of the block copolymer, and optionallyatesl, to obtain a hydrophilic modified
porous membrane.

[0049] As illustrated in Fig. 2, the microstructure of {h@ous membrane in accordance
with an embodiment of the invention includes thdrophilic segment8 on the pore

surfaces of the membrane, thereby improving thedpfdlicity of the membrane. The
hydrophobic polymeric segmera, of the block copolymer orients itself with thearatic
hydrophobic polymet.
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[0050] Porous membranes according to embodiments of Yeaiion find use in
microfiltration, ultrafiltration, nanofiltration,everse osmosis, gas separation, pervaporation
or vapor permeation, dialysis, membrane distillatchromatography membranes, and/or
forward osmosis and pressure retarded osmosis.

[0051] Porous membranes according to embodiments of temiion have a pore size of
about 0.05 pum to about 10 um and find use as nilication membranes. Porous
membranes according to certain embodiments ofyention have a pore size of about 1 nm
to about 0.5 um and find use as nanofiltration nramds.

[0052] Porous membranes according to embodiments of eaiion have a critical
wetting surface tension (CWST) of about 70 to al®®utynes/cm or more, for example, 72,
74,76, 78, 80, 82, 84, or 86 dynes/cm.

[0053] Porous membranes according to embodiments of tteaiion can be used in a
variety of applications, including, for exampleaginostic applications (including, for
example, sample preparation and/or diagnosticdbtienw devices), ink jet applications,
filtering fluids for the pharmaceutical industritidring fluids for medical applications
(including for home and/or for patient use, e.gtravenous applications, also including, for
example, filtering biological fluids such as blo@dg., to remove leukocytes)), filtering fluids
for the electronics industry (e.qg., filtering phasist fluids in the microelectronics industry),
filtering fluids for the food and beverage industtiarification, filtering antibody- and/or
protein-containing fluids, filtering nucleic acianataining fluids, cell detection (including
situ), cell harvesting, and/or filtering cell cultudeifis. Alternatively, or additionally,
membranes according to embodiments of the inveronbe used to filter air and/or gas
and/or can be used for venting applications (eltpwing air and/or gas, but not liquid, to
pass therethrough). Membranes according to emlsdgrof the inventions can be used in a
variety of devices, including surgical devices @noducts, such as, for example, ophthalmic
surgical products.

[0054] In accordance with embodiments of the inventioa,gbrous membrane can have
a variety of configurations, including planar, fteet, pleated, tubular, spiral, and hollow
fiber.

[0055] Porous membranes according to embodiments of temfion are typically
disposed in a housing comprising at least one aridtat least one outlet and defining at least
one fluid flow path between the inlet and the dythherein at least one inventive membrane

or a filter including at least one inventive memigas across the fluid flow path, to provide a



13

filter device or filter module. In an embodimeatiilter device is provided comprising a
housing comprising an inlet and a first outlet, deéining a first fluid flow path between the
inlet and the first outlet; and at least one inkentnembrane or a filter comprising at least
one inventive membrane, the inventive membrandter Eomprising at least one inventive
membrane being disposed in the housing acrossrstddid flow path.

[0056] Preferably, for crossflow applications, at least amventive membrane or filter
comprising at least one inventive membrane is disgon a housing comprising at least one
inlet and at least two outlets and defining att@afsrst fluid flow path between the inlet and
the first outlet, and a second fluid flow path be#w the inlet and the second outlet, wherein
the inventive membrane or filter comprising at tease inventive membrane is across the
first fluid flow path, to provide a filter device dilter module. In an illustrative embodiment,
the filter device comprises a crossflow filter mtajuhe housing comprising an inlet, a first
outlet comprising a concentrate outlet, and a sftoalet comprising a permeate outlet, and
defining a first fluid flow path between the inkatd the first outlet, and a second fluid flow
path between the inlet and the second outlet, vilhatdeast one inventive membrane or
filter comprising at least one inventive membramdisposed across the first fluid flow path.
[0057] The filter device or module may be sterilizablenyAousing of suitable shape
and providing an inlet and one or more outlets m&agmployed.

[0058] The housing can be fabricated from any suitable rigpervious material,
including any impervious thermoplastic material jethis compatible with the fluid being
processed. For example, the housing can be fabdideom a metal, such as stainless steel,
or from a polymer, e.g., transparent or translupehgmer, such as an acrylic, polypropylene,
polystyrene, or a polycarbonate resin.

[0059] The following examples further illustrate the intien but, of course, should not

be construed as in any way limiting its scope.
EXAMPLE 1

[0060] This example illustrates a method of preparingoglokopolymer in accordance
with an embodiment of the invention.

[0061] 100 g of BASF E6020 grade polyethersulfone wasotiresl in DMAc (250 mL)

at 100 °C in a 500 mL flask. Complete dissoluti@s achieved in 2 hours under vigorous
agitation. Potassium carbonate (2 g) was add#tketmixture and the reaction mixture was
mixed for 30 minutes followed by the addition oygtlol (70 mL). The reaction mixture was
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maintained at 100 °C with constant agitation fto8rs. The reaction mixture was quenched
by the addition of acetic acid (20 mL) and allowwedool down to room temperature. The
product was precipitated by a slow addition of isction mixture to 1.5 L of IPA: water
(90:10 v/v). The precipitate obtained was filteveal a fritted Buchner filter, washed with
water (500 mL) and IPA (250 mL). The resulting tetsolid powder was then dried to yield
140 g of the desired product with 40 mol% of PE8 @@ mol% of glycidyl as determined by
proton NMR.

EXAMPLE 2

[0062] This example illustrates a method of preparing lagoblock copolymer in
accordance with an embodiment of the invention.
[0063] 100 g of Sumitomo 5003PS grade polyethersulfonediss®lved in DMAc (250
mL) at 100 °C in a 500 mL flask. Complete dissolutvas achieved in 2 hours under
vigorous agitation. Potassium carbonate (2 g)adated to the mixture and the reaction
mixture was mixed for 30 minutes followed by theiéion of glycidol (100 mL). The
reaction mixture was maintained at 100 °C with tamtsagitation for 5 hours. The reaction
mixture was quenched by the addition of acetic &tdmL) and allowed to cool down to
room temperature. The product was precipitated Blpw addition of the reaction mixture to
1.5 L of IPA: water (90:10 v/v). The precipitatbtained was filtered via a fritted Buchner
filter, washed with water (500 mL) and IPA (250 mIje resulting white solid was dried to
yield 130 g of the desired product with 40 mol%P&S and 60 mol% of glycidyl as
determined by proton NMR.

EXAMPLE 3

[0064] This example illustrates a method of preparingayetther block copolymer in
accordance with an embodiment of the invention.

[0065] 100 g of Solvay VIRANTAGE VW-10200 RP grade polyatsulfone with a
molecular weight of 45K was dissolved in DMAc (230 mL) at 100 °C in a 50D flask.
Potassium carbonate (1.5 g) was added and thearacixture was mixed for 30 minutes
followed by the addition of glycidol (20 mL). Theaction mixture was maintained at 100 °C
under constant agitation for 8 hours. The reaatidxture was quenched by the addition of
acetic acid (4 mL) and allowed to cool down to rommperature. The product was
precipitated by a slow addition of the reaction tmig to 1.5 L of DI water. The precipitate
obtained was filtered via a fritted Buchner fileerd washed with water (500 mL) and IPA
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(250 mL). The resulting solid was dried to yieldbI@of the desired product with 90 mol%
of PES and 10 mol% of glycidyl as determined bytgnd\NMR.

EXAMPLE 4

[0066] This example illustrates a method of preparingayetther block copolymer in
accordance with an embodiment of the invention.

[0067] 100 g of Solvay VIRANTAGE VW-10700 RP grade polyatsulfone with a
molecular weight of 22K was dissolved in DMAc (230 mL) at 100 °C in a 30D flask.
Potassium carbonate (2 g) was added and the reawture was mixed for 30 minutes
followed by the addition of glycidol (15 mL). Theaction mixture was maintained at 100 °C
under constant agitation for 8 hours. The reaatidxture was quenched by the addition of
acetic acid (4 mL) and allowed to cool down to rommperature. The product was
precipitated by a slow addition of the reaction tmig to 1.5 L of DI water. The precipitate
obtained was filtered via a fritted Buchner filtard washed with IPA (500 mL). The
resulting solid was dried to yield 107 g of theides$ product with 90 mol% of PES and 10
mol% of glycidyl as determined by proton NMR.

EXAMPLE 5

[0068] This example illustrates a method of preparingayetther block copolymer in
accordance with an embodiment of the invention.

[0069] 100 g of Solvay VIRANTAGE VW-10700 RP grade polyatsulfone with a
molecular weight of 22K was dissolved in DMAc (230 mL) at 100 °C in a 30D flask.
Potassium carbonate (2 g) was added and the neactidure was mixed for 30 minutes
followed by the addition of glycidol (25 mL). Theaction mixture was maintained at 100 °C
under constant agitation for 8 hours. The reaatioxture was quenched by the addition of
acetic acid (5 mL) and allowed to cool down to rommperature. The product was
precipitated by a slow addition of the reaction tmig to 1.5 L of DI water. The precipitate
obtained was filtered via a fritted Buchner filtard washed with IPA (500 mL). The
resulting solid was dried to yield 107 g of theidss product with 85 mol% of PES and 15
mol% of glycidyl as determined by proton NMR.
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EXAMPLE 6

[0070] This example illustrates a method of preparingayetther block copolymer in
accordance with an embodiment of the invention.

[0071] 100 g of Solvay VIRANTAGE VW-10700 RP grade polyatulfone with a
molecular weight of 22K was dissolved in DMAc (230 mL) at 100 °C in a 50D flask.
Potassium carbonate (2 g) was added and the neactidure was mixed for 30 minutes
followed by the addition of glycidol (35 mL). Theaction mixture was maintained at 100 °C
under constant agitation for 5 hours. The reaatidxture was quenched by the addition of
acetic acid (5 mL) and allowed to cool down to rommperature. The resulting product was
then precipitated by a slow addition of the reactiwxture to 1.5 L of DI water. The
precipitate obtained was filtered via a fritted Boer filter and washed with IPA (500 mL).
The resulting solid was dried to yield 110 g of tiesired product with 80 mol% of PES and
20 mol% of glycidyl as determined by proton NMR.

EXAMPLE 7

[0072] This example illustrates a method of preparingayetther block copolymer in
accordance with an embodiment of the invention.

[0073] 100 g of Solvay VIRANTAGE VW-10700 RP grade polyatsulfone with a
molecular weight of 22K was dissolved in DMAc (230 mL) at 100 °C in a 50D flask.
Potassium carbonate (2 g) was added and the reawtdure was mixed for 30 minutes
followed by the addition of glycidol (50 mL). Theaction mixture was maintained at 100 °C
under constant agitation for 8 hours. The reaatidxture was quenched by the addition of
acetic acid (8 mL) and allowed to cool down to rommperature. The product obtained was
precipitated by a slow addition of the reaction tmig to 1.5 L of DI water. The precipitate
obtained was filtered via a fritted Buchner fileerd washed with IPA (500 mL). The
resulting solid was dried to yield 110 g of theides$ product with 67 mol% of PES and 33
mol% of glycidyl as determined by proton NMR.

EXAMPLE 8

[0074] This example illustrates a method of preparingayetther block copolymer in
accordance with an embodiment of the invention.

[0075] 100 g of Solvay VIRANTAGE VW-10700 RP grade polyatsulfone with a
molecular weight of 22K was dissolved in DMAc (230 mL) at 100 °C in a 30D flask.
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Potassium carbonate (2 g) was added and the neactidure was mixed for 30 minutes
followed by the addition of glycidol (60 mL). Theaction mixture was maintained at 100 °C
under constant agitation for 8 hours. The reacattas quenched by the addition of acetic
acid (10 mL) and allowed to cool down to room tenap@re. The product obtained was
precipitated by a slow addition of the reaction tmig to 1.5L of DI water: IPA (80:20 v/v).
The precipitate obtained was filtered via a fritBachner filter, and washed with DI water
(250 mL) and IPA (500 mL). The resulting solid whaged to obtain 110 g of the desired
product with 53 mol% of PES and 47 mol% of glycidgldetermined by proton NMR.

EXAMPLE 9

[0076] This example illustrates a method of preparingayetther block copolymer in
accordance with an embodiment of the invention.

[0077] 100 g of Solvay VIRANTAGE VW-10700 RP grade polyatsulfone with a
molecular weight of 22K was dissolved in DMAc (230 mL) at 100 °C in a 50D flask.
Potassium carbonate (2 g) was added and the neactidure was mixed for 30 minutes
followed by the addition of glycidol (80 mL). Thleaction mixture was maintained at 100 °C
under constant agitation for 8 hours. The reaatidxture was quenched by the addition of
acetic acid (10 mL) and allowed to cool down tomo@mperature. The resulting product
was precipitated by a slow addition of the reactiorture to 1.5 L of DI water: IPA (80:20,
vlv). The precipitate obtained was filtered viftiked Buchner filter and washed with DI
water (500 mL) and IPA (500 mL). The resultingideVas dried to obtain 120 g of the
desired product with 35 mol% of PES and 65 mol%glgtidyl as determined by proton
NMR.

EXAMPLE 10
[0078] This example illustrates a method of preparingoglbcopolymer which is
partially soluble in water.
[0079] 100g of Solvay VIRANTAGE VW-10700 RP grade polyethdfone with a
molecular weight of 22K was dissolved in DMAc (230 mL) at 100 °C in a 30D flask.
Potassium carbonate (2 g) was added and the reawture was mixed for 30 minutes
followed by the addition of glycidol (100 mL). Theaction mixture was maintained at 100
°C under constant agitation for 8 hours. The reacghixture was quenched by the addition
of acetic acid (20 mL) and allowed to cool downdom temperature. The resulting product
was precipitated by a slow addition of the reactiorture to 1.5 L of IPA. The precipitate
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obtained was then filtered via a fritted Buchn#éefiand washed with DI water (500 mL) and
IPA (500 mL). The resulting solid was dried toaht110 g of the desired product with 25
mol% of PES and 75 mol% of glycidyl as determinggloton NMR.

EXAMPLE 11

[0080] This example illustrates a method of preparingoglopolymer which is soluble
in water.

[0081] 100 g of Solvay VIRANTAGE VW-10700 RP grade polyatsulfone with a
molecular weight of 22K was dissolved in DMAc (230 mL) at 100 °C in a 30D flask.
Potassium carbonate (2 g) was added and the neactidure was mixed for 30 minutes
followed by the addition of glycidol (150 mL). Theaction mixture was maintained at 100
°C under constant agitation for 8 hours. The reachixture was quenched by the addition
of acetic acid (20 mL) and allowed to cool downdom temperature. The resulting product
was precipitated by a slow addition of the reactiorture to 1.5 L of IPA. The precipitate
obtained was filtered via a fritted Buchner filtard washed with DI water (500 mL) and IPA
(500 mL). The resulting solid was dried to obta®® Iy of the desired product with 10 mol%
of PES and 90 mol% of glycidyl as determined bytand\MR.

EXAMPLE 12

[0082] This example illustrates a method of preparingayetther block copolymer in
accordance with an embodiment of the invention.

[0083] 100 g of Solvay VIRANTAGE VW-10200 RP grade polyatsulfone with a
molecular weight of 45K was dissolved in DMAc (230 mL) at 100 °C in a 50D flask.
Potassium carbonate (1.5 g) was added and theaeacixture was mixed for 30 minutes
followed by the addition of glycidol (40 mL). Theaction mixture was maintained at 100 °C
under constant agitation for 8 hours. The reaatioxture was quenched by the addition of
acetic acid (4 mL) and allowed to cool down to rommperature. The resulting product was
precipitated by a slow addition of the reaction tmig to 1.5 L of DI water. The precipitate
obtained was filtered via a fritted Buchner filtand washed with water (500 mL) and IPA
(250 mL). The resulting solid was dried to yieldbl@of the desired product with 85 mol%
of PES and 15 mol% of glycidyl as determined bytgnd\NMR.
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EXAMPLE 13

[0084] This example illustrates a method of preparingayetther block copolymer in
accordance with an embodiment of the invention.

[0085] 100 g of Solvay VIRANTAGE VW-10200 RP grade polyatulfone with a
molecular weight of 45K was dissolved in DMAc (230 mL) at 100 °C in a 50D flask.
Potassium carbonate (1.5 g) was added and theaeacixture was mixed for 30 minutes
followed by the addition of glycidol (50 mL). Theaction mixture was maintained at 100 °C
under constant agitation for 8 hours. The reaatidxture was quenched by the addition of
acetic acid (6 mL) and allowed to cool down to rommperature. The resulting product was
precipitated by a slow addition of the reaction tmig to 1.5 L of DI water. The precipitate
obtained was filtered via a fritted Buchner filtand washed with water (500 mL) and IPA
(250 mL). The resulting solid was dried to obtaYd Iy of the desired product with 80 mol%
of PES and 20 mol% of glycidyl as determined bytand\NMR.

EXAMPLE 14

[0086] This example illustrates a method of preparingayetther block copolymer in
accordance with an embodiment of the invention.

[0087] 100 g of Solvay VIRANTAGE VW-10200 RP grade polyatsulfone with a
molecular weight of 45K was dissolved in DMAc (230 mL) at 100 °C in a 50D flask.
Potassium carbonate (1.5 g) was added and thearacixture was mixed for 30 minutes
followed by the addition of glycidol (60 mL). Theaction mixture was maintained at 1D
under constant agitation for 8 hours. The reaatidxture was then quenched by the addition
of acetic acid (8 mL) and allowed to cool down@om temperature. The resulting product
was precipitated by slow addition of the reactiawtore to 1.5 L of DI water. The
precipitate obtained was filtered via a fritted Boer filter, and washed with water (500 mL)
and IPA (250 mL). The resulting solid was driecbhtain 110 g of the desired product with
70 mol% of PES and 30 mol% of glycidyl as deterrdibg proton NMR.

EXAMPLE 15

[0088] This example illustrates a method of preparingayetther block copolymer in
accordance with an embodiment of the invention.

[0089] 100 g of Solvay VIRANTAGE VW-10200 RP grade polyatsulfone with a
molecular weight of 45K was dissolved in DMAc (230 mL) at 100 °C in a $0D flask.
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Potassium carbonate (1.5 g) was added and theaeacixture was mixed for 30 minutes
followed by the addition of glycidol (70 mL). Theaction mixture was maintained at 1
under constant agitation for 8 hours. The reaatidcture was then quenched by the addition
of acetic acid (10 mL) and allowed to cool downdom temperature. The resulting product
was precipitated by a slow addition of the reactiorture to 1.5 L of DI water: IPA (80:20
vIv). The resulting precipitate was filtered vi&igted Buchner filter, and washed with water
(500 mL) and IPA (250 mL). The resulting solid whged to obtain 115 g of the desired
product with 55 mol% of PES and 45 mol% of glycidgldetermined by proton NMR.

EXAMPLE 16

[0090] This example illustrates a method of preparingayetther block copolymer in
accordance with an embodiment of the invention.

[0091] 100 g of Solvay VIRANTAGE VW-10200 RP grade polyatsulfone with a
molecular weight of 45K was dissolved in DMAc (230 mL) at 100 °C in a 50D flask.
Potassium carbonate (1.5 g) was added and theaeacixture was mixed for 30 minutes
followed by the addition of glycidol (120 mL). Theaction mixture was maintained at 100
°C under constant agitation for 8 hours. The reacghixture was quenched by the addition
of acetic acid (10 mL) and allowed to cool downdom temperature. The resulting product
was precipitated by a slow addition of the reactiorture to 1.5 L of DI water: IPA (80:20
vlv). The precipitate obtained was filtered viftiked Buchner filter and washed with water
(500 mL) and IPA (250 mL). The resulting solid whged to obtain 140 g of the desired
product with 30 mol% of PES and 70 mol% of glycidgldetermined by proton NMR.

EXAMPLE 17

[0092] This example illustrates a method of preparingoglbcopolymer which is
partially soluble in water.

[0093] 100 g of BASF E6020 grade polyethersulfone wasotiresl in DMAc (230 mL)

at 100 °C in a 500 mL flask. The complete dissotutvas achieved in 2 hours under
vigorous agitation. Potassium carbonate (2 g)adaed to the mixture and the reaction
mixture was mixed for 30 minutes followed by theliéidn of glycidol (110 mL). The
reaction mixture was maintained at 100 °C and emistgitation for 8 hours. The reaction
mixture was quenched by the addition of acetic &tdmL) and allowed to cool down to
room temperature. The resulting product was pitatgd by a slow addition of the reaction
mixture to 1.5 L of IPA: water (90:10 v/v). Theegipitate obtained was filtered via a fritted
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Buchner filter, and washed with water (500 mL) &4 (250 mL). The resulting white
solid powder was dried to obtain 150 g of the a&bsproduct with 20 mol% of PES and 80
mol% of glycidyl as determined by proton NMR.

EXAMPLE 18

[0094] This example illustrates a method of preparing la@oblock copolymer which is
partially soluble in water.

[0095] 100g of BASF E7020 grade polyethersulfone was tlissidn DMAc (300 mL) at
100 °C in a 500 mL flask. Potassium carbonate (#ag added to the mixture and the
reaction mixture was mixed for 30 minutes followmdthe addition of glycidol (100 mL).
The reaction mixture was maintained at 100 °C amgtant agitation for 12 hours. The
reaction mixture was quenched by the addition etia@cid (20 mL) and allowed to cool
down to room temperature. The resulting produc pracipitated by a slow addition of the
reaction mixture to 1.5 L of IPA: water (80:20 v/V)he precipitate obtained was filtered via
fritted Buchner filter, and washed with water (50Q) and IPA (250 mL). The resulting
white solid powder was dried to obtain 150 g ofdesired product with 30 mol% of PES
and 70 mol% of glycidyl as determined by proton NMR

EXAMPLE 19

[0096] This example illustrates a method of preparingayetther block copolymer in
accordance with an embodiment of the invention.

[0097] 100 g of Sumitomo 5400P grade polyethersulfonedissolved in DMAc (230
mL) at 100 °C in a 500 mL flask. Potassium carlb@®(ia5 g) was added to the mixture and
the reaction mixture was mixed for 30 minutes foka by the addition of glycidol (100

mL). The reaction mixture was maintained at 10@A@er constant agitation for 12 hours.
The reaction mixture was quenched by the additfacetic acid (20 mL) and allowed to
cool down to room temperature. The resulting pobaias precipitated by a slow addition of
the reaction mixture to 1.5 L of IPA: water (80:20). The precipitate obtained was filtered
via a fritted Buchner filter, and washed with watg®0 mL) and IPA (250 mL). The
resulting white solid powder was dried to obtai® tdof the desired product with 35 mol%
of PES and 65 mol% of glycidyl as determined bytgnd\NMR.
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EXAMPLE 20

[0098] This example illustrates some of the propertiethefblock copolymers in

accordance with an embodiment of the invention.

Table 1. Properties of Block Copolymers

[0099] This example illustrates the preparation of ponmesnbranes in accordance with

an embodiment of the invention.

PES segment (mol% Pg segment (mol% .
PES MW by NMR) by NMR) Water Solubility
PES-22k 85 15 No
PES-22k 80 20 No (Hydrophilic)
PES-22k 70 33 No (Hydrophilic)
PES-22K 53 47 No (Hydrophilic)
PES-22lg 25 75 Yes
PES-45k 80 20 No (Hydrophilic)
PES-45k 70 30 No (Hydrophilic)
PES-45k 55 45 No (Hydrophilic)
PES-45k 48 52 No (Hydrophilic)
EXAMPLE 21

[0100] Block copolymers (PES-Pg) prepared in ExamplesdlZawere employed as

wetting agents in preparing porous PES membraihkse.wetting agent was employed at 6.9

phr of the PES. The compositions of the membraséng solutions are set forth in Table 2

below along with that of the control membrane wHev# K-90 was employed as the

wetting agent. The casting solutions were cleandisated in the Comment.
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Table 2. PES Membrane Formulations Prepared Ud®3#g from Examples 1 and 2

Control PES-Pg PES-Pg PES-Pg PES-Pg
% % % % %
PEG 64.5 64.5 63.6 64.9 64.5
H,0 3.0 3.0 3.0 3.0 3.0
DMF 10.0 10.0 10.0 10.0 10.0
NMP 7.6 7.6 7.6 7.6 7.6
PES 13.0 13.0 13.0 13.0 13.0
Glycerin 1.0 1.0 1.0 1.0 1.0
Wetting 0.9 0.9 1.80 0.45 0.9
Agent
PVP K90 Example 1 Example 1 Example| 1 Example 2
Comment Clear Mix Clear Mix Clear Mix Clear Mix @eMix

[0101] The membrane casting solutions were cast usingrvagaced phase separation
process, with a casting temperature of 43 °C,iveldtumidity of 75%, and dry bulb of 25 °C.
No formulation defects were observed. Sumitom& R&s used.

[0102] Physical properties and CWSTs were measured odridse membranes and are
set forth in Table 3. Samples of the membrane aks@tested for IPA extractables. 6 discs
of 47 mm diameter were dried for 1 hour at 80 °@ &oxhlet extracted with IPA for 3 hours
followed by a final 1 hour dry cycle at 80 °C. THieextractables were calculated. The
CWSTs were again measured after the IPA extraetimhare set forth in Table 3.

Table 3. Physical Properties and CWST of Porous bManes

Sample (Mix| 0.90% PVP| 1.8% PES-Pg 0.90% PES- 0.45% PESt 0.9% PES-
ID) K90 Control| Example 1 Pg Pg Pg
Example 1 | Example 1| Example 2
Thick (mils) 6.2 5.45 5.65 5.4 6.6
Water Flow 114 15.6 14.3 16.1 14.2
Rate
(ml/min/cnf)
Bubble Point 82.33 80.44 79.51 76.18 64.86
(psi)
CWST 87 90 86 77 87
(dynes/cm)
IPA 2.24 1.09 1.04 1.04 1.03
Extractables
(%)
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EXAMPLE 22

[0103] This example illustrates the preparation of addaigporous membranes in
accordance with an embodiment of the invention.

[0104] Block copolymers (PES-Pg) prepared in Examplesd27awere employed as
wetting agents in preparing porous PES membraihke.wetting agent was employed at 6.9
phr of the PES. The compositions of the membrasérg solutions are set forth in Table 4
and the membrane casting conditions are set forffable 5.

Table 4. Compositions of Membrane Casting Sohgtio

Componentg Control Example 7 | Example 7 | Example 2| Example 2
% % % % %
PEG-400 66.40 66.40 64.40 66.40 64.40
PES 14.0 13.0 13.0 13.0 11.0
(Sumitomo)
Example 7 -- 1.0 3.0 -- --
Example 2 -- -- - 1.0 3.0
RO Water 2.0 2.0 2.0 2.0 2.0
DMF 11.0 11.0 11.0 11.0 11.0
NMP 6.6 6.6 6.6 6.6 6.6
Table 5: Membrane Casting Conditions
Condition Setting
Mix Temperature (°C) 38
Casting Thickness (mils) 12
Casting Plate Temperature (°C) 43
Chamber Plate Temperature (°C 38
Dry Bulb (°C) 25
RH (%) 75
Air Velocity (fps) 5.0
Leach ambient water/ethanol-water (1:1)/hot water
(40 °C)
Dry (°C) 60

[0105] 0.2um diameter porous membranes were produced andiitieyt contain any
membrane defects, indicating compatibility of tlalymer with the base PES. Some of the
properties of the membranes are set forth in Tébl&he block copolymer additive increased

the CWST of the membranes of the invention comptrede control membrane. The block



copolymer from Example 2 had a greater moleculagktehan the one from Example 7, and
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resulted in a significant increase in the CWST e Tilembrane prepared with the block

copolymer of Example 2 had a significantly high evéftow rate.

Table 6. Properties of Porous Membranes

Formulg Water| Water | Thickn| CWST | CWST CWST | Membrane|Mixture
tion |Bubble| Flow ess [(dynes/cm(dynes/cm(dynes/cm Visual | Visual
Point | Rate | (mils) | as cast)|145 € Dry|145 € Dry
(water;| (ml/min Heat for 2| Heat for 3
psi) | @ 0.7 hours) | hours +
bar:10 IPA ext)
psi)

Control| 50 23 4.8 70 69 69 No Defecty clear
Ex. 7 51 31 5.0 76 76 76 No Defecty clear
Ex. 7 52 29 4.6 79 76 76 No Defecty clear
Ex. 2 43 51 5 90 86 87 No Defecty clear
Ex. 2 53 46 5 90 86 87 No Defecty clear

[0106] SEM images of the membranes indicate that the RE®dMmbranes have a

typical PES membrane porous structure, which igired for membrane flow, strength, and
filter-life performance. Fig. 1A depicts the SEMaocross-section of a membrane prepared
from the block copolymer of Example 7 and Fig. Hpidts a higher magnification SEM of
Fig. 1A, showing that the membrane had a symmatrithighly interconnected pore

structure.

EXAMPLE 23

[0107]
amount of hydrophilic block copolymer employed lie {oreparation of porous membranes in

This example illustrates the pore sizes of poroambranes as a function of the

accordance with an embodiment of the invention.
[0108]
in NMP solution, and one of the following: 0.3%6%, 1%, or 2% hydrophilic block

Casting solutions containing 12.1% polyethersulfoesn, 22.5% t-amyl alcohol,

copolymer, were prepared. The solution was depdsinto a Mylar sheet or a textured

substrate support as a thin film. Phase invensias initiated based on the air gap. Air
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velocity was controlled over the gap by controllthg speed of the fan. Phase inversion was
completed by immersing it in a nonsolvent bathpfeed by rinse in RO water and oven
drying. The results obtained are set forth balowable 7 and show that very small
concentrations of the hydrophilic block copolymeg., at 0.3%, high CWST’s are obtained.
At 0.3% and 0.6% concentrations of the hydropHtalack copolymer, the pore size obtained

was 10 nm.
Table 7. Membrane Casting Parameters and Propeftidembranes

Hydrophilic | Air Gap | Quench | Casting Wet Pore CWST
Block temp speed | Water Size | (dynes/cm)
Copolymer, (°F) (fpm) Flow (nm)
% by wt (ml/min
@ 10 psi
for 90
mm disc)
Control 0 linch 78 12 430 10 ~55
PES
media
EXP 1 0.3 1inch 78 12 296 10 > 72
EXP 2 0.6 1linch 78 12 290 10 > 76
EXP 3 1 1inch 68 12 275 <10 >76
EXP 4 2 1linch 68 12 250 <10 > 76
EXAMPLE 24

[0109] This example illustrates the preparation of ponmesnbranes comprising a blend
of PPESK and PES-Polyglycerol (PES-Pg) as wettgena

[0110] A casting solution containing a PPESK resin at 1% wsolvent NMP/DMACc

(v/v) at 300 phr, the PES-Pg of Example 2 at 10vpds prepared and cast as a 15 mil thick
film at 28 °C, air temperature 32 °C, relative hdityi72%. Water bath temperature was set
at 80 °C. The dope was placed in an environmehtahber for 15 seconds and immersed in
water at room temperature. The membrane had a Co¥V36 dynes/cm. The morphology

of the membrane was characterized by SEM. Figd@&gicts the SEM image of the cross-
section of a membrane in accordance with an embaiof the invention. Fig. 3B depicts a
higher magnification SEM image of the image demigteFig. 3A. The membrane had an

unsymmetrical pore structure distribution from dideide. The pores were in cellular forms

with low interconnectivity.
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[0111] All references, including publications, patent agtions, and patents, cited
herein are hereby incorporated by reference tednge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0112] The use of the terms “a” and “an” and “the” andl&tst one” and similar
referents in the context of describing the invem{iespecially in the context of the following
claims) are to be construed to cover both the $amgund the plural, unless otherwise
indicated herein or clearly contradicted by contékite use of the term “at least one”
followed by a list of one or more items (for examplat least one of A and B”) is to be
construed to mean one item selected from the ligteas (A or B) or any combination of two
or more of the listed items (A and B), unless othgee indicated herein or clearly
contradicted by context. The terms “comprisindgyaving,” “including,” and “containing”
are to be construed as open-ended terms (i.e.,ingeancluding, but not limited to,”) unless
otherwise noted. Recitation of ranges of valugsiheare merely intended to serve as a
shorthand method of referring individually to eagparate value falling within the range,
unless otherwise indicated herein, and each sepaahie is incorporated into the
specification as if it were individually recitedreen. All methods described herein can be
performed in any suitable order unless otherwidecated herein or otherwise clearly
contradicted by context. The use of any and ahgXes, or exemplary language (e.g., “such
as”) provided herein, is intended merely to batteminate the invention and does not pose a
limitation on the scope of the invention unlesseotfise claimed. No language in the
specification should be construed as indicatingrasmy-claimed element as essential to the
practice of the invention.

[0113] Preferred embodiments of this invention are deedrirerein, including the best
mode known to the inventors for carrying out theeimtion. Variations of those preferred
embodiments may become apparent to those of oydgkdt in the art upon reading the
foregoing description. The inventors expect sHigtisans to employ such variations as
appropriate, and the inventors intend for the itloento be practiced otherwise than as
specifically described herein. Accordingly, tmsention includes all modifications and
equivalents of the subject matter recited in tlaents appended hereto as permitted by
applicable law. Moreover, any combination of thewe-described elements in all possible
variations thereof is encompassed by the inventidass otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIM(S):

1. A block copolymer of formula A-B-A (1) or A-BIIj, comprising blocks A
and B, wherein block A is a hydrophilic polymeragsnent comprising polyglycerol and
block B is an aromatic hydrophobic polymeric segtnen

2. The block copolymer of claim 1, wherein theygbycerol has one or more of

the following repeat units:

CH,OH CH,OH CH,O™~

LCHz—(l_‘,H o) ) ( lH CH,—O ) ( C|)H CH2—04—

o}
CH,0 |
( L | L ) —(—CHZ—C—CH20>7
CH,—CH o and H .
3. The block copolymer of claim 1 or 2, whereindd A comprises of one or

more of the following structures:

o OH o ko A0 \—§H

HO \-«_ 4

HO \_<—OH O OH
/

o) o—)_/ o HO o—{}

_>_/ o

HO HO
/O\/k/o\)\/o\_é)H
O
HO O’{_O
7 %
HO O

e

/
4
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4. The block copolymer of any one of claims 1-Bewein the aromatic
hydrophobic polymeric segment is selected from gfpne, polyethersulfone,
polyphenylene ether, polyphenylene oxide, polycaae, poly(phthalazinone ether sulfone
ketone), polyether ketone, polyether ether ketpobjether ketone ketone, polyimide,

polyetherimide, and polyamide-imide.

5. The block copolymer of claim 4, wherein theraatic hydrophobic polymeric
segment is polyethersulfone.

6. The block copolymer of claim 5, which has tbkofwing structure:
o’
. Hoj) H:OH
\\(O o o O
OH \\<\ o HO{ \_Q—o
Q HAO)_I!O—< >—§4©—}o OH G OH
HO O n /
1) \_(07 J_/

o)

0 o}
0
Pl
0 Q OH
ol
o e
HO
wherein n is about 10 to about 1000.
7. The block copolymer of any one of claims 1-6ewein block A is present in

an amount of about 20% to about 60 mol% and block@Besent in an amount of about 30%

to about 80 mol%.

8. The block copolymer of claim 7, wherein blocks®resent in an amount of
about 40% to about 55 mol% and block B is preseaniamount of about 40% to about 60

mol%.

9. A method of preparing a block copolymer of amg of claims 1-8,

comprising:

(i) providing an aromatic hydrophobic polymerigsent having one or more

terminal functional groups selected from hydroxgroapto, and amino groups; and
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(i) carrying out ring opening polymerization digidol on the aromatic hydrophobic

polymeric segment.

10. The method of claim 9, wherein the aromatidrbphobic polymeric segment

has one or more terminal hydroxy groups.

11. The method of claim 9 or 10, wherein the artertaydrophobic polymeric

segment has the formula:

Ol O
{3 {3 Hon
o) N or o) no

wherein n is about 10 to about 1000.

12. The method of any one of claims 9-11, whetie@ring opening
polymerization is carried out in the presence bése.

13. The method of claim12, wherein the base icsedl from potassium
carbonate, sodium carbonate, cesium carbonatejreddrtiary butoxide, potassium tertiary
butoxide, tetramethylammonium hydroxide, ammoniwarbxide, tetrabutylammonium
hydroxide, sodium hydroxide, potassium hydroxidejum hydroxide, barium carbonate,
barium hydroxide, cesium hydroxide, lithium carb@nanagnesium carbonate, magnesium

hydroxide, sodium amide, and lithium amide, and loimxations thereof.

14. The method of any one of claims 9-13, whetie@ring opening
polymerization of glycidol is carried out in a seht selected from N,N-dimethylacetamide,
N,N-dimethylformamide, dimethyl sulfoxide, and N-ing@pyrrolidone, and mixtures

thereof.

15. The method of any one of claims 9-14, whetl@gmolar ratio of the aromatic
hydrophobic polymeric segment to that of glycidoabout 1:0.1 to about 1:1.1.

16. The method of any one of claims 9-15, whettleghmolar ratio of the aromatic

hydrophobic polymeric segment to that of glycidohbout 1:0.7 to about 1:0.9.

17. A porous membrane comprising an aromatic lptavbic polymer and a block
copolymer of any one of claims 1-8.
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18. A method of preparing a porous membrane c@mgran aromatic
hydrophobic polymer and a block copolymer of ang ohclaims 1-8, said method

comprising:

(i) providing a polymer solution comprising a seit, said aromatic hydrophobic

polymer, and said block copolymer;
(ii) casting the polymer solution as a thin film;

(iif) subjecting the thin film to phase inversitmobtain a porous membrane; and

optionally

(iv) washing the porous membrane.



