
Claims 

1. An ion exchange membrane for electrodialysis comprising a microporous 

membrane support having a porous first side and a porous second side 	a 

continuous porous structure extending from said first side to said seco d side, 

and a crosslinked ion transferring polymer substantially completely ling said 

porous structure, said polymer formed in the porous structure an comprising 

the polymerization product of 

a. a monofunctional ionogenic monomer and a multifun ional monomer, 

or, 

b. the polymerization product of one or more iono: nic monomers, a 

neutral monomer, and a multifunctional cros inking monomer. 

2. The ion exchange membrane of Claim 1 wherein e thickness of the porous 

support is greater than about approximately 5 7 microns and less than about 

approximately 155 microns. 

3. The ion exchange membrane of Claim 1 herein the thickness of the porous 

support is greater than about approxi ately 20 microns and less than about 

approximately 55 microns. 

4. The ion exchange membrane of aim 1 wherein the microporous support 

comprises polypropylene, hig molecular weight polyethylene, ultrahigh 

molecular weight polyethyl e or polyvinylidene fluoride . 

5. The ion exchange mem ane of Claim 1 wherein the ion transfer polymer is a 

cation transfer polym 

6. The ion exchange embrane of Claim 5 wherein the crosslinked ion 

transferring pol mer is formed by polymerization of 2-sulfoethylmethacrylate (2-

SEM or 2-ac arnide-2-methyl propane sulfonic acid (AMPS)and a suitable 

crosslinki monomer to form a cation exchange membrane. 

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

ethy neglycoldimethacrylate. 

8. T e 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. 

9. The membrane of Claim 8 wherein the neutral monomer is hydroxyethyla' late 

or hydroxymethacrylate. 

lO.The cation exchange membrane of Claim 5 wherein the membrane -s a 

resistivity not greater than about approximately 0.5 Ohm-cm2 

11.The cation exchange membrane of Claim 5 wherein the memb ane has a 

resistivity not greater than about approximately 0.5 Ohm-c. 2 and a 

permselectivity of greater than about approximately 95% 

12.The cation exchange membrane of Claim 5 wherein 	membrane has a 

resistivity not greater than about approximately 0. Ohm-cm2 and a 

permselectivity of greater than about approxima - ly 99%. 

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

resistivity not greater than about approxi tely 1.0 Ohm-cm2 . 

14.The cation exchange membrane of Clai 5 wherein the membrane has a 

resistivity not greater than about app oximately 1.0 Ohm-cm2 and a 

permselectivity of greater than ab t approximately 95%. 

15.The cation exchange membran of Claim 5 wherein the membrane has a 

resistivity not greater than 

permselectivity of greater 

out approximately 0.5 Ohm-cm2 and a 

an about approximately 99%. 

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

anion transfer poly • er. 

17.The anion excha • ge membrane of Claim 16 wherein the crosslinked ion 

transferring p ymer is formed by polymerization of 

Trimethyl moniumethylmethacrylic chloride crosslinked with 

ethylene ycoldimethacrylate. 

18.The ion exchange membrane of Claim 16 wherein the crosslinked ion 

tr- sferring polymer is formed by polymerization of 

methylammoniumethylmethacrylic chloride, vinylbenzyl trimethylammonium 

chloride and a neutral monomer crosslinked with divinylbenzene. 
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permselectivity of greater than about approximately 4%. 

capable of use for 24.A process for producing an ion exchange membr e 

electrodialysis comprising; 

choosing a suitable porous substrate 

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-cm2  . 

21.The anion exchange membrane of Claim 15 wherein the membrane =s a 

resistivity not greater than about approximately 1.0 Ohm-cm2  and 

permselectivity of greater than about approximately 94%. 

22.The anion exchange membrane of Claim 16 wherein the mem crane has a 

resistivity not greater than about approximately 0.5 Ohm-c 2 

23.The anion exchange membrane of Claim 16 wherein the embrane has a 

resistivity not greater than about approximately 0.5 0 m-cm2  and a 

saturating the porous regions of t e substrate with a solution comprising 
a monofunctional ionogenic monomer, multifunctional monomer, and a 
polymerization initiator,or with a sol ion of 

one or more ionogenic mo mers, a neutral monomer, and a 
multifunctional crosslinking m. omer 

removing excess solu 'on from the surfaces of the substrate while leaving 
the porous volume satura d with solution, 

initiating polyme ation by the application of heat, ultraviolet light, or 
ionizing radiation, op onally in the absence of substantially all oxygen, to form a 
crosslinked ion tr- ferring polymer substantially completely filling the pores of 
the substrate. 

25. The process o Claim 24 wherein the porous support comprises polypropylene, 

high molec ar weight polyethylene, ultrahigh molecular weight polyethylene or 

polyvinyl' ene fluoride . 

26.The p ess of Claim 24 wherein the thickness of the porous support is greater 

th- about approximately 55 microns and less than about approximately 155 

crons. 
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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 olymer is 

formed by polymerization of 2-sulfoethylmethacrylate (2-SEM o. 2-acrylamide-

2-methyl propane sulfonic acid (AMPS )and a suitable cross king monomer. 

30.The process of Claim 29 wherein the crosslinker is 

ethyleneglycoldimethacrylate. 

31.The process of Claim 28 wherein the crosslinked io transferring polymer is 

formed by polymerization of 2-sulfoethylmethac ate (2-SEM, 2-acrylamide-2-

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

crosslinking monomer to form a cation exc nge membrane. 

32.The process of Claim 31 wherein the ne tral monomer is hydroxyethylacrylate 

or hydroxymethacrylate. 

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

exchange membrane. 

34.The process of Claim 33 wh= ein the crosslinked ion transferring polymer is 

formed by polymerization f Trimethylammoniumethylmethacrylic chloride 

crosslinked with ethyle eglycoldimethacrylate to form an anion exchange 

membrane. 

35.The process of C m 33 wherein the crosslinked ion transferring polymer is 

formed by pol erization of Trimethylammoniumethylmethacrylic chloride , 

vinylbenzyl 	ethylammonium chloride and a neutral monomer crosslinked 

with divi benzene. 

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

or droxymethacrylate. 

37. n ion exchange membrane for electrodialysis 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 s 

porous structure, said polymer formed in the porous structure and compr 

the polymerization product of, 

a. the polymerization product of a quarternary salt formed from 

polyamine and a vinyl aromatic halide, or, 

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

suitable monomer. 

38.The ion exchange membrane of Claim 37 wherein the thi ness of the porous 

support is greater than about approximately 55 micro s and less than about 

approximately 155 microns 

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

support is greater than about approximately 1 microns and less than about 

approximately 55 microns. 

40.The ion exchange membrane of Claim 3 wherein the microporous support 

comprises polypropylene, high molec ar weight polyethylene, ultrahigh 

molecular weight polyethylene or p lyvinylidene fluoride . 

41.The ion exchange membrane of laim 37 wherein the crosslinked ion 

transferring polymer is form i by polymerization of N,N,N',1\11,N"-

pentamethyldiethylenetriinc di(vinylbenzyl chloride (a quatemary salt of 

N,N,N',N',N"-pentameth diethylenetriamine and vinylbenzyl chloride) or 1,4-

diazabicyclo[2,2,2]oc e di(vinylbenzyl chloride) (a quaternary salt of 1,4-

diazabicyclo[2,2,2 2ctane (DABCO) and vinylbenzyl chloride), or glycidyl 

methacrylate/ N-dimethylethylenediamine reaction product crosslinked with 

a suitable cr.-slinker monomer to form an anion exchange membrane. 

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

ethyle glycoldimethacrylate. 

43.The ion exchange membrane of Claim 37 wherein the membrane has a 

istivity not greater than about approximately 1.0 Ohm-cm2  . 
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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 Ohm-a& and a 

permselectivity of greater than about approximately 90%. 

45.The anion exchange membrane of Claim 37 wherein the membrane has 

resistivity not greater than about approximately 0.5 Ohm-cm2  . 

46.The anion exchange membrane of Claim 37 wherein the membran- as a 

resistivity not greater than about approximately 0.5 Ohm-cm2  a d a 

permselectivity of greater than about approximately 90%. 
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CLAIMS 

1. An ion exchange membrane for electrodialysis comprising a microporous membrane 

support having a porous first side, a porous second side and a continuous porous structure 

extending from said first side to said second side, and a crosslinked ion transferring polymer 

filling said continuous porous structure., said polymer formed in the continuous porous structure 

and comprising the polymerization product of One or more ionogenic monomers, a neutral 

monomer, and a multifunctional crosslinking monomer, wherein the membrane has a 

permseiectivity of at least 90%. 

2. The ion exchange membrane of Claim 1 wherein the thickness of the porous support is 

greater than 55 microns and less than 155 microns. 

3. The ion exchange membrane of Claim I wherein the thickness of the porous support is 

greater than 20 microns and less than 55 microns. 

4. The ion exchange membrane of any one of Claims 1 to 3 wherein the microporous 

support comprises polypropylene, high molecular weight polyethylene, ultrahigh molecular 

weight polyethylene or polyvinylidene fluoride. 

5. The ion exchange membrane of any one of Claims I to 4 wherein the ion transfer 

polymer is a cation transfer polymer. 

6. The ion exchange membrane of Claim 5 wherein the crosslinked ion transferring 

polymer is formed by polymerization of 2- sulfoethylmethacrylate (2-SEM) or 2-acrylamide-2-

methyl propane sulfonic acid (AMPS) and a crosslinking monomer to form a cation exchange 

membrane. 

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

ethylerieglycoldimethaorylate. 

8. The ion exchange membrane of Claim 5 wherein the crosslinked ion transferring 

polymer is formed by polymerization of 2- sulfoethylmethacrylate (2-SEM), 2-acrylarnide-2-

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

monomer to form a cation exchange membrane. 

9. The membrane of Claim 8 wherein the neutral monomer is hydroxyethylacryiate or 

hydroxymethacryfate or vinyl benzyl chloride. 
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10. The cation eke,hange, inembrahe of any one of Claims 5 to 9 wherein the membrane 

has a resistivity not greater than 0.5 Ohm-cm2. • 

11. The cation exchange membrane of any one of Claims 5 to 9 wherein the membrane 

has a resistivity not greater than 1.0 Ohm-cm2. 

12. The cation exchange membrane of any one of Claims 5 to 11 wherein the membrane 

has a permselec.tivity of greater than 95%. 

13. The cation exchange membrane of any one of Claims 5 to 12 wherein the membrane 

has a perms-electivity of greater than 99%. 

14. The ion exchange membrane of any one of Claims 1 to 4 wherein the ion transfer 

polymer is an anion transfer polymer. 

15. The anion exchange membrane of Claim 14 wherein the crosslinked ion transferring 

polymer is formed by polymerization of trirnethylammoniume,thylmethacwlic chloride 

crosslinked with ethyleneglycoldimethacrylate. 

16. The anion exchange membrane of Claim 14 wherein the crosslinked ion transferring 

polymer is formed by polymerization of trimethylammoniumethylmethacrylic chloride, 

vinyibenzyl trimethylammonium chloride and a neutral monomer crosslinked with 

divinylbenzene. 

17. The anion exchange membrane of Claim 16 wherein the neutral monomer is 

hyclroxyethylacrylate or hydroxymethacrylato or vinyl benzyl chloride. 

18. The anion exchange membrane of any one of Claims 14 to 17 wherein the membrane 

has a resistivity not greater than 1.0 Ohm-cm2. 

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

has a resistivity not greater than 0.5 Ohm-ce. 

20. The anion exchange membrane of any one of Claims 14 to 19 wherein the membrane 

has a permselectivity of greater than 94%. 
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21. A process for producing an ion exchange membrane capable, of use for electrodialysis, 

wherein it comprises: choosing a suitable porous substrate having a porous first side and a 

porous second side and a continuous porous structure extending from said first side to said 

second side, saturating the porous regions of the substrate with a solution of one or more 

ionogenic monomers, a neutral monomer, and a multifunctional crosslinking monomer, 

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

saturated with solution, initiating polymerization by the application of heat, ultraviolet light, or 

ionizing radiation, optionally in the absence of substantially all oxygen, to form a crosslinked 

ion transferring polymer substantially completely filling the continuous pores of the substrate, 

wherein the membrane has a permselectivity of at least 90%. 

22. The process of Claim 21 wherein the porous support comprises polypropylene, high 

molecular weight polyethylene, ultrahigh molecular weight polyethylene or polyvinylidene 

fluoride. 

23. The process of Claim 21 or Claim 22 wherein the thickness of the porous support is 

greater than 55 microns and less than 155 microns. 

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

greater 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. 

26. The process of Claim 25 wherein the crosslinked ion transferring polymer is formed by 

polymerization of 2-sulfoefhylmethacryiate (2-SEM) or 2-acrylarnide-2-methyl propane sulfonic 

acid (AMPS) and a suitable crosslinking monomer. 

27. The process of Claim 26 wherein the crosslinker is ethyleneglycoldimethacrylate. 

28. The process of Claim 25 wherein the crosslinked ion transferring polymer is formed by 

polymerization of 2- sulfoethylmethacrylate (2-SEM), 2-acrylamide-2-methyl propane sulfonic 

acid (AMPS), a neutral monomer, and a suitable crosslinking monomer to form a cation 

exchange membrane. 

29. The process of Claim 28 wherein the neutral monomer is hydroxyethylacrylate or 

hydroxymethacrylate or vinyl benzyl chloride. 

42 



30_ 	The process of any one of Claims 21 to 24 wherein the ion exchange membrane is an 

anion exchange membrane. 

31_ 	The process of Claim 30 wherein the crosslinked ion transferring polymer is formed by 

polymerization of trimethylammoniuinethylrnethacrylic chloride crosslinked with 

e.thyleneglyc,oldimethacryiate to form an anion exchange membrane. 

32. The process of Claim 30 wherein the crosslinked ion transferring polymer is formed by 

polymerization of trimethylammoniumethylmethacrylic chloride, vinylbenzyl 

trimethylammonium chloride and a neutral monomer crosslinked with divinylbenzene. 

33. The process of Claim 32 wherein the neutral monomer is hydroxyethylacrylate or 

hydroxymethacrylate or vinyl benzyl chloride. 

34. An ion exchange membrane capable of use for electrodialysis produced by the process 

of any one of claims 21 to 33. 
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