CLAIMS

1. A polymeric semipermeable membrane comprisingoa-cross-linked base polymer
having reactive pendant moieties, said base polymearg modified by forming a cross-
linked skin onto a surface thereof, said skin bdwmgned by a crosslinking reaction of
reactive pendant moieties on said surface withlgomer or another polymehereby, said
base polymer is covalently bonded to said oligooreanother polymerwhereinsaid base
polymer is polyacrylonitrile (PAN) such that least one portion of said cross-linked skin is
covalently bonded to a nanofiltration (NF) lay@r immersion of said cross-linked skin of
said base polymer in polyethylenimine (PEI) anddamsate solution comprising cyanuric
chloride and sulfanilic acid thereby, said polymesemipermeable membrane having acid
and organic solvent stabilitywhereirsaid nanofiltration layer comprises:

a. at least one di-, tri- or tetra-halo substituteczthe or triazine-containing
monomer, oligomer or polymer, and

b. at least one multifunctional amine having a molacweight in the range of 400
to 750,000,

provided that at least one of the di-, tri- oradtalo substituted diazine or triazine-containing
monomer, oligomer or polymer is not a di- or trrezimonomer which is substituted only by
Cl.

2. The polymeric semipermeable membrane accordinglaim 1, wherein additionally
comprising a woven or non-woven textile substrateeulying said base polymer.

3. The polymeric semipermeable membrane accordirmiptm 1, wherein said base polymer
is selected from the group consisting polyacryldeipolymer and any copolymers thereof.

4. The polymeric semipermeable membrane accordimgaim 1, wherein said base polymer
preferably comprises polyacrylonitrile.

5. The polymeric semipermeable membrane accordinglaim 1, wherein said another
polymer is selected from polyethylenimine, polyviaicohol and a combination thereof.

#6. The polymeric semipermeable membrane accordingaion 1, wherein said polymeric
semipermeable membrane is an ultrafiltration (UFnrthrane or a microfiltration (MF)
membrane.

87. The polymeric semipermeable membrane accordingaion 1, wherein said polymeric

semipermeable membrane is a polyacrylonitrile filtration membrane and said another
polymer is polyethylenimine.
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| 98. The polymeric semipermeable membrane of clainvigrein said diazine or triazine-
containing monomer or oligomer is selected fromghaip consisting of

R! R’

A A
A AANN,

R1
NI/KN
/l\
N R3,
R! R R'
R4
N| X | Xy NZ
N R? and R? N R® N
R'is independently selected at each occurrence fnmmo, chloro, iodo, fluoro, -NHR -

OR® and SR, wherein Ris is independently selected at each occurrermze i, optionally
substituted alkyl and optionally substituted aryl;

R2
R® R?  wherein:

R? is independently selected at each occurrence firamo, chloro and fluoro;
R®is independently selected at each occurrence firmmo, chloro, fluoro,

-NHR®, -OR’ and SR, wherein Ris independently selected at each occurrence thm
optionally substituted alkyl and optionally subgstid aryl;

R*is selected from H, bromo, chloro, fluoro, -NHR-OR and SR, wherein Ris
independently selected at each occurrence fronptihrally substituted alkyl and optionally
substituted aryl; and

R® is independently at each occurrence -NH-A-NH-, refre A is selected from €

20 aliphatic moieties, £10aromatic moieties, and combinations thereof; medithat at at
least two occurrences R, Rand R, taken together, are selected from bromo, chlo a
fluoro, and further provided that when bothdhd R on a single ring are Cl, at least one of
R*and R is not Cl.

| 209 The polymeric semipermeable membrane of clainwherein said multifunctional
amine has a molecular weight of in the range of @50,000.

| 111Q The polymeric semipermeable membrane of claimviierein said multifunctional

amine is selected from the group consisting of @iblylenemine, polyvinylamine,
polyvinylanilines,  polybenzylamines, polyvinylimidalines, and amine-modified
polyepihalohydrins.

| 2211 The polymeric semipermeable membrane of any aifnsl 1 to 11, wherein further

comprising supplementatoss-linker selected from the group consistin@,df6-trichloro-s-
triazine, 4,6-dichloro-2-sodium p-sulfoanile-s-nie (4,6-dichloro-2-p-anilinesulfonic acid
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sodium salt-s-triazine), 4,6-dichloro-2-diethanoiaeas-triazine and 4,6-dichloro-2-amino-s-
triazine.

1312 A method of forming a polymeric semipermeable rheane comprisinghe-steps of:
providing a non-cross-linked base polymer haviragtiee pendant moietiespd-effecting-a
eross-linkingreaction-between-thecross-linkingl seactive pendant moietiesa-surface-of
sald—base—polymewith a solution comprisingan oligomer or another polymer, thereby
forming a cross-linked skin oseid asurface of said base polymegvalently bonding said
cross-linked skin to a nanofiltration (NF) layer bymersing said cross-linked skin in a
condensate solutlon comprlsmq Cvanurlc Chlorldd aulfanlllc aC|d —whe#em—sard—me%hod
; ton of

sareLeress—lmked—skm—wheFeuald nanoflltratlon Iayer Comprlses

a. at least one di-, tri- or tetra-halo substituteczthe or triazine-containing
monomer, oligomer or polymer, and

b. at least one multifunctional amine having a molacweight in the range of 400
to 750,000,

provided that at least one of the di-, tri- oradalo substituted diazine or triazine-containing
monomer, oligomer or polymer is not a di- or trrezimonomer which is substituted only by
Cl.

1413 The method according to claim 13, wherein sagg sif forming further comprising
step of covalently bonding said NF layer to samkstklinked skin.

1514 The method according to claim 13, wherein saidhou additionally comprising step
of providing said base polymer selected from theugr consisting of polyacrylonitrile
polymer and any copolymers thereof.

1715 The method according to claim 13, wherein saidhou additionally comprising step
of providing said another polymer selected fromyptiylenimine and polyvinyl alcohol.

1816 The method according to claim 13, wherein saidhou additionally comprising step
of providing said another polymer comprising polhyé¢nimine.

1917 The method according to claim 13, wherein sagp sif effecting said cross-linking
reaction at a first elevated temperature utilizengsolution of said oligomer or another
polymer.

2018 The method according to claim 18, wherein saisk felevated temperature is in the
range of 50 - 108C.

2119 The method according to claim 18, wherein sait #levated temperature in the range
of 70 - 90°C.
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222Q The method according to claim 13, wherein saih ®f effecting said cross-linking
reaction is carried out for 5 - 32 hours.

2321 The method according to claim 13, wherein sagp sif effecting said cross-linking
reaction is carried out for 10 - 20 hours.

2422 The method according to claim 13, wherein saidhow additionally comprising step
of providing said oligomer or another polymer indssolution with the concentration in the
range of 2 - 10%.

2523 The method according to claim 13, wherein saithow additionally comprising step
of providing said oligomer or another polymer indsaolution having concentration of
preferably 4%.

2624 The method according to claim 13, wherein saithot additionally comprising step
of a drying step at a second elevated temperatuteirange of 70 — 120.

2425 The method according to claim 13, wherein saidhow additionally comprising step
of providing said polymeric semipermeable membrac@mprising polyacrylonitrile
ultrafiltration membrane and said another polynsgualyethylenimine.

2826 The method according to claim 13, wherein addélly comprising step of selecting
said diazine or triazine-containing monomer or ahigr is from the group consisting of

R1 Rl R1
NI/‘\N Nl)\v N/klN
R2 N R3, R2 N R® N R2
R! R’ R’
R‘
NI \ J(I\N N/
R? N R? and R? N R® N R? wherein:

R'is independently selected at each occurrence fnmmo, chloro, iodo, fluoro, -NHR -
OR’ and SR, wherein Ris independently selected at each occurrence fiproptionally
substituted alkyl and optionally substituted aryl;

R? is independently selected at each occurrence firmmo, chloro and fluoro;
R®is independently selected at each occurrence firmmo, chloro, fluoro, -NHR -OR’ and

SR, wherein Ris independently selected at each occurrence Homwptionally substituted
alkyl and optionally substituted aryl;
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R'is selected from H, bromo, chloro, fluoro, -NHR-OR? and SR, wherein Ris
independently selected at each occurrence fronptihraally substituted alkyl and optionally
substituted aryl; and

R® is independently at each occurrence -NH-A-NH-, rgfre A is selected from C
20 aliphatic moieties, €10 aromatic moieties, and combinations thereof; mtedithat at at
least two occurrences R, R’and R, taken together, are selected from bromo, chlab a
fluoro, and further provided that when bothdhd R on a single ring are Cl, at least one of
R*and R is not Cl.

2927 The method according to claim 13, wherein addélty comprising step of providing
said multifunctional amine having a molecular weighin the range of 400 to 250,000.

3028 The method according to claim 13, wherein addélly comprising step of selecting
said multifunctional amine from the group consigtof polyethylenemine, polyvinylamine,
polyvinylanilines,  polybenzylamines, polyvinylimigalines, and amine-modified
polyepihalohydrins.

3129 The method according to any of claims 13 to 3@emin additionally comprising step
of providing supplemental cross-linker selectedrfrthhe group consisting of 2,4,6-trichloro-
s-triazine, 4,6-dichloro-2-sodium p-sulfoanile-gtine (4,6-dichloro-2-p-anilinesulfonic
acid sodium salt-s-triazine), 4,6-dichloro-2-dietbamine-s-triazine and 4,6-dichloro-2-
amino-s-triazine.
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