Claims

1. An ion exchange membrane for electrodialysis comprising a microporous

membrane support having a porous first side and a porous second side
continuous poreous structure extending from said first side to said second side,
and a crosslinked ion transferring polymer substantially completely
porous structure, said polymer formed in the porous structure and¢/comprising

the polymerization product of

a. a monofunctional ionogenic monomer and a multifunegfional monomer,

or,

b. the polymerization product of one or more ionoggnic monomers, a

neutral monomer, and a multifunctional crosglinking monomer.

. The ion exchange membrane of Claim 1 wherein fhe thickness of the porous
support is greater than about approximately 52 microns and less than about

approximately 155 microns.

. The ion exchange membrane of Claim 1 wherein the thickness of the porous
support is greater than about approxipately 20 microns and less than about

approximately 55 microns.

. The ion exchange membrane of @laim 1 wherein the microporous support
comprises polypropylene, highYmolecular weight polyethylene, ultrahigh

e or polyvinylidene fluoride .

. The ion exchange membfane of Claim 1 wherein the ion transfer polymer is a

cation transfer polym

. The ion exchange hembrane of Claim 5 wherein the crosslinked ion
transferring polymer is formed by polymerization of 2-sulfoethylmethacrylate (2-
SEM or 2-ac¥lamide-2-methyl propane sulfonic acid (AMPS)and a suitable

monomer to form a cation exchange membrane.

. The ior/exchange membrane of Claim 6 wherein the crosslinker is

ethyléneglycoldimethacrylate.

. THe ion exchange membrane of Claim 5 wherein the crosslinked ion

transferring polymer is formed by polymerization of 2-sulfoethylmethacrylate (2-
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SEM, 2-acrylamide-2-methyl propane sulfonic acid {AMPS), a neutral monomer

and a suitable crosslinking monomer to form a cation exchange membrane.

or hydroxymethacrylate.

10.The cation exchange membrane of Claim 5 wherein the membrane

resistivity not greater than about approximately 0.5 Ohm-cm?2 .

11.The cation exchange membrane of Claim 5 wherein the membyane has a
resistivity not greater than about approximately 0.5 Ohm-c12 and a

permselectivity of greater than about approximately 95%

12.The cation exchange membrane of Claim 5 wherein membrane has &
resistivity not greater than about approximately 0.5OChm-cm?2 and a

permselectivity of greater than about approximajely 99%.

13.The cation exchange membrane of Claim 5 wierein the membrane has a

resistivity not greater than about approximétely 1.0 Ohm-cm?2 .

14.The cation exchange membrane of Claijd 5 wherein the membrane has a
resistivity not greater than about appfoximately 1.0 Ohm-cm?2 and a

permselectivity of greater than abgQt approximately 95%.

15.The cation exchange membrang of Claim 5 wherein the membrane has a
resistivity not greater than apout approximately 0.5 Ohm-cm?2 and a

permselectivity of greater than about approximately 99%.

16.The ion exchange membrane of Claim 1 wherein the ion transfer polymer is a

anion transfer polymfer.

17.The anion exchapge membrane of Claim 16 wherein the crosslinked ion

transferring pglymer is formed by polymerization of

imethylammoniumethylmethacrylic chloride, vinylbenzyl trimethylammonium

chloride and a neutral monomer crosslinked with divinylbenzene.
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19.The anion exchange membrane of Claim 18 wherein the neutral monomer is

hydroxyethylacrylate or hydroxymethacrylate.

20.The anion exchange membrane of Claim 15 wherein the membrane has a
resistivity not greater than about approximately 1.0 Ohm-cm? .
21.The anion exchange membrane of Claim 15 wherein the membrane

resistivity not greater than about approximately 1.0 Chm-cm? and

permselectivity of greater than about approximately 94%.
22.The anion exchange membrane of Claim 16 wherein the memprane has a

resistivity not greater than about approximately 0.5 Ohm-¢
23.The anion exchange membrane of Claim 16 wherein the membrane has a
resistivity not greater than about approximately 0.5 Oim-cm? and a
permselectivity of greater than about approximately/94%.

24 A process for producing an ion exchange membrafie capable of use for

electrodialysis comprising;
choosing a suitable porous substrate

saturating the porous regions of tlfe substrate with a solution comprising
a monofunctional ionogenic monomer, 4 multifunctional monomer, and a

removing excess solution from the surfaces of the substrate while leaving
the porous volume saturatgd with solution,

initiating polymerization by the application of heat, ultraviolet light, or
ionizing radiation, opfonally in the absence of substantially all oxygen, to form a
crosslinked ion tranéferring polymer substantiaily completely filling the pores of
the substrate.
25, The process of Claim 24 wherein the porous support comprises polypropylene,
high molecuyfar weight polyethylene, ultrahigh molecular weight polyethylene or

polyvinylidene fluoride .

26.The process of Claim 24 wherein the thickness of the porous support is greater
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27.The process of Claim 24 wherein the thickness of the porous support is greater
than about approximately 20 microns and less than about approximately 55

microns.

28.The process of Claim 24 wherein the ion exchange membrane is a catio

exchange membrane.

29.The process of Claim 28 wherein the crosslinked ion transferring golymer is
formed by polymerization of 2-sulfoethylmethacrylate (2-SEM of 2-acrylamide-

2-methyl propane sulfonic acid {AMPS )and a suitable crossliftking monomer,

30.The process of Claim 29 wherein the crosslinker is

ethyleneglycoldimethacrylate.

31.The process of Claim 28 wherein the crosslinked iofl transferring polymer is
ate (2-SEM, 2-acrylamide-2-

methyl propane sulfonic acid (AMPS), a neutrgd monomer, and a suitable

formed by polymerization of 2-sulfoethylmethac

crosslinking monomer to form a cation exchange membrane.

32.The process of Claim 31 wherein the netral monomer is hydroxyethylacrylate
or hydroxymethacrylate.

33.The process of Claim 24 wherein tHe ion exchange membrane is an anion

exchange membrane.

34.The process of Claim 33 whefein the crosslinked ion transferring polymer is
formed by polymerization 6f Trimethylammoniumethylmethacrylic chloride
crosslinked with ethylereglycoldimethacrylate to form an anion exchange

membrane.

35.The process of Cldim 33 wherein the crosslinked ion transferring polymer is
erization of Trimethylammoniumethylmethacrylic chloride ,

vinylbenzyl #rimethylammonium chleride and a neutral monomer crosslinked

36.The pybeess of Claim 35 wherein the neutral monomer is hydroxyethylacrylate

or hydroxymethacrylate.

37.An ion exchange membrane for elecirodialysis comprising a microporous

membrane support having a porous first side and a porous second side and a
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continuous porous structure extending from said first side to said second side,
and a crosslinked ion transferring polymer substantially completely filling sai
porous structure, said polymer formed in the porous structure and comprising

the polymerization product of|

a. the polymerization product of a quarternary salt formed from

polyamine and a vinyl arcmatic halide, or,

b. the reaction product of a cyclic ether and a polyamine, cfosslinked with a

suitable monomer.

38.The ion exchange membrane of Claim 37 wherein the thigkness of the porous
support is greater than about approximately 55 microgs and less than about

approximately 155 microns

39.The ion exchange membrane of Claim 37 whereiy the thickness of the porous

support is greater than about approximately 20 microns and less than about

approximately 55 microns.

40.The ion exchange membrane of Claim 37 wherein the microporous support
comprises polypropylene, high moleciflar weight polyethylene, ultrahigh

molecular weight polyethylene or pélyvinylidene fluoride .

41.The ion exchange membrane ofClaim 37 wherein the crosslinked ion
transferring polymer is formed by polymerization of N,N,N’,N’,N”-
pentamethyldiethylenetriazhine di(vinylbenzyl chloride (a quaternary salt of
N,N,N’,N’,N”-pentamethyldiethylenetriamine and vinylbenzyl chloride) or 1,4-
diazabicyclo[2,2,2]octane di(vinylbenzyl chloride) (a quaternary salt of 1,4-
diazabicyelo[2,2,2]dctane (DABCO) and vinylbenzyl chloride), or glycidyl
methacrylate/ ¥/ N-dimethylethylenediamine reaction product crosslinked with

a suitable crgéslinker monomer fo form an anion exchange membrane.

42.The ion ex¢hange membrane of Claim 41 wherein the crosslinker is

ethylengglycoldimethacrylate.

ion exchange membrane of Claim 37 wherein the membrane has a

istivity not greater than about approximately 1.0 Ohm-cm? .
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44 .The anion exchange membrane of Claim 37 wherein the membrane has a
resistivity not greater than about approximately 1.0 Chm-cm? and a
permselectivity of greater than about approximately 90%.

45.The anion exchange ﬁembrane of Claim 37 wherein the membrane has
resistivity not greater than about approximately 0.5 Ohm-cm? .

46.The anion exchange membrane of Claim 37 wherein the membrang’has a

resistivity not greater than about approximately 0.5 Ohm-cm? agd a

permselectivity of greater than about approximately 90%.




G AIMS

1. An lon exchange membrane for slectrodialysis comprising a mictoporous membrane
support having 2 porous first side, a porous second sids and a continuous porous structure
exiending from said first side fo sald second side, and a crosslinked lon ransferring polymer
filling said continuous porous structure, said polymer formed in the continuous porous structure
and comprising the polymerization product of one or more innogenic monomers, a netiral
monaimer, and a mulifunciicnal crosslinking monemer, wherein the membrane has a

permselectivity of at least 20%.

2. The ion exchange membrane of Claim 1 whersin the thickness of the porous supportis
greater than 558 microns and less than 1565 microns.

3. The ion exchangs membrane of Claim 1 wherein the thickness of the porous support is
greater than 20 microns and less than 55 microns.,

4, The on exchangs membrane of any oneg of Claims 1 to 3 wherein the microporous
support comprises polypropylene, high molecular weight polyethylens, ultrahigh molecular
weight polvethylene or polyvinyiidene fluoride. '

8. The ion exchange membranes of any one of Claims 1 {o 4 whereln the ion transfer
polymer is a cation transfer polymer.

8. The ion exchange membrane of Claim & wherein the crosslinked ion transferring
polymer is formed by polymerization of 2- sulfoethylmethacryiate (2-SEM) or 2-acrylamide-2-
methyl propane sulfonic acid (AMPS) and a crosslinking monomer to forms 2 cation exchange
membrans.

7. The ion exchange membrane of Claim 6 wherein the crosslinker is
ethyleneglycoidimethacrylate.

2. The ion exchange membrane of Claim 5 wherein the crosslinked lon iransferring
polymer is formed by polymerization of 2- sulfosthyimethacryviaie {2-8EM), 2-acrylamide-2-
methyl propane suffonic acid (AMPS), a neulral monomer, and & suitable crosslinking
monomear 1o form a cation exchangs membrane.

8. The membrane of Claim 8§ wherein the neutral monomer is hydroxyethylacryiaie or

hydroxymethacrylate or vinyl benzyl chionde.
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10.  The cation exchangs mémbrans of any one of Claims 5 to 8 wherein the membrane

has a resistivity not greater than 0.5 Ohm-cm®

11.  The cation sxchange membrans of any one of Claims 5 to 8 wherein the membrana

has a resistivity not greater than 1.0 Ohm-om?,

12.  The cation exchangs membrane of any one of Cleims & to 11 wherein the membraneg

has a permseleciivity of greater than 85%.

13.  The cation exchange memblane of any one of Claims 5 {o 12 wherein the membrane

has a permselectivily of greater than 89%.

4. The ion exchange membrane of any one of Claims 1 0 4 wherein the ion fransfer

polymer is an anion fransfer polymer.

15.  The anion exchange membrane of Claim 14 wherein the crosslinked ion transferring
polymer is formed by polymerization of rimethylammoniumsthyimethacrylic chicride
crossiinked with sthyleneglycoldimethaenate.

8.  Tha anion exchange membrane of Claim 14 wherein the crosslinked ion transferring
poiymer is formed by polymerization of trimethylammoniumethylmethacrylic chloride,
vinytbenzyl trimethylammonium chioride and a neufral monomer crosslinked with

divinylibenzene.

17.  The anion exchange membrane of Claim 16 whereln the neutral mohomer is
hydroxyethylacrylate or hydroxymethacrvlate or vinyl benzyt chioride.

18, The anion exchange membrane of any one of Claims 14 to 17 wherein the membrane
has a resistivity not grealer than 1.0 Chm-cm?.

18, The anion exchange membrane of any one of Claims 14 to 18 wherein the membrane

has a resistivity not greater than 0.5 Chm-om?®,

20.  The anicn exchange membrane of any one of Claims 14 1o 19 wharsin the membrans

has a permselectivity of greater than 84%.
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21, A process for producing an ion exchange membiane capable of use for elecirodialysis,
wherzsin it comprises: chousing a suifable porous subsirate having a porous firsi side and a
porous second side and a contimious porous structure exiending fromn sakd first side to sald
second side, safurating the porous regions of the subsirate with a soluiion of one or more
ipnogenic monomers, a neutral menomer, and a multifunctional crosslinking monomer,
removing excess solution from the surfacss of the subsirate while leaving the porous volume
saturated with solution, initleling polymesrization by the application of heat, uliraviolet fight, or
ionizing radiation, optionally in the absence of substantially all oxygen, to form a crossilinked
ion transferring polymer subsiantially completely filling the continuous pores of the substrate,
wherein the membrane has & permsaiectivity of at least 00%.

22.  The process of Claim 21 wherein the porous support comprises polyprepylene, high
molecular weight polysthylene, ultrahigh molecular weight polyethyiens or palyvinylidene

fluorida,

23.  The process of Claim 21 or Clalim 22 wherein the thickness of the porous support is
greater than 55 microns and less than 155 micrens.

24.  The process of Claim 21 or Claim 22 wherein the thickness of the porous support Is

gregter than 20 microns and less than 55 microns.

25.  The process of any one of Claims 21 to 24 wherein the ion exchange membrane is a
cation exchange membrane.

28. The process of Claim 25 wherein the crosslinked ion fransferring polymer is formed by
polymerization of 2-sulfoethyimethacryiate (2-SEM) or Z-acrylamide-2-methyl prapane sulionic
acid (AMPS) and a suitable crossiinking monomer.

27.  The process of Claim 28 whersin the crosslinker is ethylensglycoldimethacryviate.

28.  The process of Claim 25 wherein the crosslinked ion transferring polymer is formead by
polyrnerization of 2- sulfosthylmethacrylate (2-SERM), 2-acivlamide-2-methyl propane sulfonic
acid (AMPS), a neutral monormsr, and a suilable crasslinking monormer 1o form a cation

gxchange membrans,

29. The process of Claim 28 wherein the neutral monemer is hydroxyethylacrylate or
hydroxymethacrylate or vinyl benzyt chloride.
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30. The process of any one of Claims 21 o 24 wherein the ion exchange membrane Is an

anion exchange membrane,

31, The process of Claln 30 wherein the crosslinked on transferring potymer is formed by
polymerization of timethylammeniumethyimethacrylic chivride crosslinked with

sthyleneglycoldimethacrylate o form an anion exchange membrans.
32. The process of Ciaim 30 wherein the crosslinked ion transferrng polymer is formed by
polyimerization of trimethylammoniumethyimethacrylic chloride, vinyibenzyl

frimethviammonium chioride and a neutral moncmer crosslinked with divinylbenzene,

33.  The process of Claim 32 wherein the neutral monomaer Is hydroxyethylacrylate or

hydrowymethacryiate or vinyl benzyl chloride.

34, Anlon exchange membrans capable of uze for electrodlalysis produced by the process

of any one of claims 21 to 33.
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