ANION EXCHANGE POLYMERS, METHODS FOR MAKING AND MATERIALS PREPARED
THEREFROM FIELD OF THE INVENTION [0001] This invention relates to ion exchange polymers
and more particularly, to anion exchange polymers and materials. BACKGROUND OF THE
INVENTIONYBG8SY {61 %xchange materials are commonly employed to tFéH EHAMEHEIR ionizable
components from fluids for a variety of applications. Flow-through beds or flow-through devices for
fluid treatment may employ exchange material or components in the form of grains, fabrics or
membranes. The ion exchange functionality operates to transport one type of ion across the material
in an electric8dNFAE OB WWM%WFQ@éﬁMW ONRVbp Bk Ipdlarity. Anion
exchange polymers and materials carry cationic groups, which repel cations and are selective to
anions. [0003] Anion exchange polym ﬂ%%% tertiary amines, which are quaternized
to provide anionic functionality. The quaternary ammonium compounds are crosslinked and

polymerizegig for ' MW polymers. Typical methods for making anion exchange polymers
require the use of a kyi' hgldes for quaternizing the anion exchange polymer. [0004] Alkyl halides are

expensive aZRLdaus e HSE ILWQL irapl arepare | { [ ange polymers
having sup@gg;} proprsgrties v%)ithc%at %ﬁ%ﬁl&%ﬁé@%%ﬁﬂ MARY{%I%%%% R

exchange polymers and materials,

BACKGROUND OF THE INVENTION

00021 Ion exchange materials are commeonly employed to treat and remove lonizable
components from fluids for a variety of applications. Flow-through beds or flow-through
devices for fluid treatment may employ exchange material or components in the form of
grains, fabrics or membranes. The ion exchange functionality operates to transport one
type of ion across the material i an electric field, while substantially or effectively
blocking most ions of the opposite polarity. Anion exchange polymers and materials
carry cationic groups, which repel cations and are selective to anions.

[0003] Anion exchange polymers may be prepared from tertiary amines, which are
quaternized to provide anionic functionality. The quaternary ammonium compounds are
crosslinked and polymerized to form anion exchange polymers. Typical methods for
making anion exchange polymers require the use of alkyl halides for quaternizing the
anion exchange polymer.

[0004] Alkyl halides are expensive and hazardous to use. It would be desirable to
prepare improved anion exchange polymers having superior properties without using

alkyl halides.



[0005] In one embodiment, an anion exchange polymer has the formula:

SUMMARY

[0005] In one embodiment, an anion exchange polymer has the formula:

R4

Y

wherein R is —[CH;-CH{OH)]>-W; R, is hydrogen or a C;-Cy alkyl group; a is from |
about 0 to about 0.75, b and c are each independently, from about 0.25 to about 1.0; Z is
oxygen of N-Rs; Ry is -[CH]s-; Rs is hydrogen or ~[CH,)u-CHs; Ry and Rs are each,
independently, {CH,]-CHs; X is selected from the group consisting of Cl, Br, I and

acetate; W is 2 bridging group or atom; m is an integer from 0 to 20; n is an integér from

I _
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1to 20; and Y is selected from the group consisting of
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wherein Rg, Ry and Ry are each, independently, selected from the group consisting of
hydrogen, -{CH;]4-CH; and ~CH(CHz)z; Rg is -{CHa ] p is a nurmber from 3 to 6 and q is
a number from 0 to 3.

[0006] In another embodiment, a method for making an anion exchange polymer
comprises reacting a tertiary amine, an acid inhibitor and a polyepoxide to form a
quaternary ammonium monomer and polymerizing the quaternary ammonium monomer
in the presence of a catalyst.

[0006a] In an aspect, there is provided a method for making an anion exchange polymer
comprising reacting a tertiary amine, an acid inhibitor and a polyepoxide to form a
quaternary ammonium monomer and polymerizing the quaternary ammonium monomer
in the presence of a catalyst,

wherein the tertiary amine is an ethylenic tertiary amine, and

wherein the polyepoxide is a diglycidyl ether or a triglycidyl ether.

[0007] In another embodiment, an ion exchange material comprises an anion exchange

polymer having the formula:



wherein R. is -[CE12-CH(OH)]2-W; Rl is hydrogen or a C1-C12 alkyl group; a is from about O to about
0.75, b and c are each independently, from about 0.25 to about 1.0; Z is oxygen or N-R3; R2 is
-[CH2]-; R3 is hydrogen or -[CH2].-C1-13; R4 and R5 are each, independently, - OHZ%.-CHB; Xis
selected fror%’%ge{mgqf%aggﬁonsisting of Cl, Br, | and acetate; W is a bridgind gfouirBFat8H in is an
integer from 0 to 20; n is an integer from 1 to 20; and Y is selected from the group consisting of
wherein R6, R7 and R5 are each, independently, selected from the group consisting of hydrogen,
-[CH2]g-CH3 ang{1-CH(CH3)2; R9is -[CH2]p; p is %?umber from 3 to 6 and q is a number from O to 3.
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wherein R 1s -{CH>-CH(OH)].-W; R; 1s hydrogen or a C;-Cy, alkyl group; a is from
about { to about 0.75, b and ¢ are each independently, from about 0.25 to about 1.0; Z is
oxygen or N-Ra; Ry 18 -[CH:],-; Rs 1s hydrogen or ~{ CH,[-CHs; Ry and R are each,
independently, -[CHz]-CH3; X is selected from the group consisting of CI, Br, I and
acetate; W is a bridging group or atom; m is an integer from 0 to 20; n is an integer from

1to 20; and Y is selected from the group consisting of



[0006] In another embodiment, a method for making an anion exchange polymer comprises reacting a
tertiary amine, an acid inhibitor and a polyepoxide to form a quaternary ammonium monomer and
polymerizing the quaternary ammonium monomer in the presence of a catalyst. [0006a] In an aspect,
there is pro&ﬁg& MEWHBd for making an anion exchange polymer compri&idiaatitig 4aertiary
amine, an acid inhibitor and a polyepoxide to form a quaternary ammonium monomer and
polymerizing the quaternary ammonium monomer in the presence of a catalyst, wherein the tertiary
amine is an ethylenic tertiary amine, and wherein the polyepoxide is a diglycidyl ether or a triglycidyl

ether. [0007] I another embodifnent, an ion exchange material comprises an anion exchange polymer
having the formula: CH2 0=0 R2 xe el
(|3 0 N “Rg l
C=—/—0 N
N
/\ | r|
Re Ry | Rg and Cm——0

wherein Re, R; and Rg are each, independently, selected from the group congsisting of
hydrogen, -[CH,],-CH; and ~CH(CH;)s; Ry is ~[CH; ], p is & number from 3 1o 6 and q is
a number from 0 to 3.

[0008] In another embodiment, a method for making an ion exchange material comprises
reacting a tertiary amine, an acid inhibitor and a polyepoxide to form a quaternary
ammonium monomer and polymerizing the quaternary ammonium monomer in the
presence of a catalyst.

[0009] The various embodiments provide improved anion exchange polymers, methods

for preparing the anion exchange polymers without using alkyl halides and for materials

that are chemically resistant and non-fouling.

DETAILED DESCRIPTION OF THE INVENTION

[6010] The singular forms “&,” “an’ and “the”_inciude plural referents unless the context
clearly dictates otherwise. The endpoints of all ranges reciting the same characteristic are
independently combinable and inclusive of the recited endpoint. All references are
incorporated herein by reference.

[0011] The modifier “about” used in connection with a guantity is inclusive of the stated
value and has the meaning dictated by the context (e.g., includes the tolerance ranges

associated with measurement of the particular quantity).



x e el R2C=0 +fri2C C C wherein R is --[CH2-CH(OH)]2-W; R1 is hydrogen or a C1-C12 alkyl group;
a is from about 0 to about 0.75, b and c are each independently, from about 0.25 to about 1.0; Z is
oxygen or N-R3; R2 is -[CH2]11-; R3 is hydrogen or ACH21.-CF13; Ri and R5 are each,
independentkf? FBULPIEH3; Xis selected from the group consisting of CYBfVRAEAEE  e; W is a
bridging group or atom; m is an integer from 0 to 20; n is an integer from 1 to 20; and Y is selected
from the group consisting of wherein R6, R7 and R9 are each, independently, selected from the group
consisting of hydrogen, -[CH2]g-CHs and -CF(CH3)2; R9 is -[CF12]p; p is a number from 3 to 6 and q
is a numbeftoh 6%@’3??50@81%‘8%{%?@ﬁ%é@fﬁ?ﬁ%ﬁ}lﬁsﬁ%‘ﬂ%‘d PHIBRIRY & %n exchange material
comprises reacting a tertiary amine, an acid inhibitor and a polyepoxide to form a quatemary
ammoniunFSHBIART AREY FIHRE RANG THe G iRtE MRy arAHSHIU KR G HEHBS @isence of a

catalyst. o :
y may not be present, and that the description includes instances where the event or

circumstance occurs or where the material is present, and instances where the event or
circumstance does not occur or the material is not present.
[0013] The anion exchange polymer contains cationic groups. In one embodiment, an

anion exchange polymer has the formula:
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wherein R is -[CHz-CH(OH)]:-W; R, is hydrogen or a C,-C1; alkyl group; a is from

about 0 to about 0.75, b and ¢ are each independently, from about .25 to about 1.0, Z is



[0009] The various embodiments provide improved anion exchange polymers, methods for preparing
the anion exchange polymers without using alkyl halides and for materials that are chemically
resist-mit 2nri rusnAntiling. DETAILED DESCRIPTION OF THE INVENTION [0010] The singular fowls
"a," "an" and ¥ 1é98e plural referents unless the context clearly dictatE</HiRERAZE M he endpoints
of all ranges reciting the same characteristic are independently combinable and inclusive of the recited
endpoint. All references are incorporated herein by reference. [0011] The modifier "about" used in
connection with a quantity is inclusive of the stated value and has the meaning dictated by the context
(e.g., includs¥asetolirande ianed dssBeiaBivrAtRba e merit oithang drtistnarguantity). [0012]
"Optional” or "optignally” means that the subsequently described event or circumstance may or may
not occur, SRR SISk T dntiistPrira&al MagBrm ey FStse biésBht! &Mt that the

description includ?@insatgg es where the event or circumsta}gnce %:cg s or where the material is
c&5 W SRot'd

present, arftf SH&tances T¥hETRRR AL 8Pl &L o uP & REHRETEAMs not present.
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wherein Re, Ry and Rg are each, independently, selected from the group consisting of
hydrogen, -[CH»];-CH; and —CH({CHa)z; Ro is —[CHz]p: p 18 a number from 3 to 6 and g is
a number from 0 to 3. |
[0014] In one embodiment, R; is a C;-Cg alkyl group. In another embodiment, R, is
methyl, ethyl, propyl, buty! or isobutyl.

[0015] In one embodiment, a is from about 0.25 to about 0.50. In another embodiment, b
is from about 0.50 to about 0.75. In another embodiment, ¢ is from about (.50 to about
0.75.

[0016] In one embodiment, Z is ammonia, trimethylammonia or triethylammonia.

[0017] W is a bridging group or atom. In one embodiment, W is a hydrocarbon group,
an inerganic group or inorganic atom. In one embodiment, W is a C;-Cyg alkyl group,
C1-Csp alkyl ether group, Ce-Cag aromatic group, Ce-Cap aromatic ether group or a
siloxane. In another embodiment, W is a C;-Cs alkyl group, C,-Cg alkyl ether group, &
Ce-Ci¢ aromatic group or a Cs-C)p aromatic ether group. In another embodiment, W is

methyl, ethyl, propyl, butyl, isobutyl, phenyi, 1,2-cyclohexanedicarboxyiate, bisphenol



wherein R is -[CH2-CH(OH)]2-W; R1 is hydrogen or a C1-C12 alkyl group; a is from about O to about
0.75, b and c are each independently, from about 0.25 to about 1.0; Z is oxygen or N-R3; R2 is
4CH2in-; R3 is hydrogen or -[CH2]in-CF13; R4 and R5 are each, independently, -[CH2].-CH3; X is
selected fro?ﬁ?ﬁé/@af‘g%?jg%onsisting of Cl, Br, | and acetate; W is a bridginﬁcgfggﬂ’ S m is an
integer from O to 20; n is an integer from 1 to 20; and Y is selected from the group consisting of
wherein R6, R7 and R8 are each, independently, selected from the group consisting of hydrogen,

-[CH2]CF13 a number from 0 to 3. [0014] In one embod ' )
A, diethylene glycol, resorcinol, cyclohexanedimethanol, poly(dimethylsiloxane), 2,6-

tolylene duisocyanate, 1,3-butadiene or dicyclopentadiene.

[0018] In one embodiment, m is an integer from 0 to 10, including from 0 to 5. In
another embodiment, n is an integer from 1 to 10, including from 1 to 5.

[0019] In another embodiment, a method for making an anion exchange polymer
comprises reacting a tertiary amine, ar acid inhibitor and a polyepoxide to form a
quaternary ammonium monomer and polymerizing the quatemary ammonium monomer
in the presence of a catalyst.

[0020] The tertiary amine may be an cthylenic tertiary amine. In one embodiment, the
ethylenic tertiary amine is selected from the group consisting of
dimethylaminopropylmethacrylamide (DMAPMA), dimethylaminopropylacrylamide
(DMAPAA), diethylaminopropylmethacrylamide (DEAPMA),
dimethylaminoethylmethacrylate (DMAEMA) and mixtures thereof. In another
embodiment, the ethylenic tertiary amine monomer is DMAPMA.

[06021] The polyepoxide may be any type of polyvepoxide having at least two epoxide
groups. In one embodiment, the polyepoxide is a diglycidyt ether or a tnglycidyl ether,
Diglycidyl ethers include, but are not limited to, diethylene giycol diglycidyl ether,
diglycidyl 1,2-cyciohexanedicarboxylate, N,N-diglycidyl-4-glycidyloxyaniline, bisphenol
A diglycidyl ether, brominated bisphenol A diglycidyl ether, bisphenol F diglycidyl ether,
1,4-butanediol diglycidyl ether, 1,4-butanediv] diglycidy! ether, 1,4-
cyclohexanedimethanol diglycidyl ether, glycerol diglycidyl ether, resorcinol diglycidyl
ether, bis[4-(glycidyloxy)phenyljmethane, bisphenol A propoxylate diglycidyl ether,

dimer acid diglycidyl ester, cthylene glycol diglycidyl ether, brominated neopentyl giycol



nd -CH(CH3)2; R9 IS --[CH2]0; p is a number from 3 to 6 and g is ent, R s a C1-05 alkyl group. In
another embodiment, Ri is methyl, ethyl, propyl, butyl or sobutyl. [0015] In one embodiment, a is from
about 0.25 to about 0.50. In another embodiment, b is from about 0.50 to about 0.75. In another
embodiment? & R %bout 0.50 to about 0.75. [0016] In one embodimeitTE R4S,
trimethylammonia or tri thylammonia. [0017] W is a bridging group or atom. In one embodiment, W is a
hydrocarbon group, an inorganic group or inorganic atom. In one embodiment, W is a Ci-C30 alky!
group, C1-C:40 %I]gl ether group, C5-C30 aromati;:m%roup, C6-C30 aromatic ether group or a siloxane.

In another Etalsdirmetiendidysidilchatigigisigs hcsmarybirmenronsdBulele) aromatic group or
a C0-C10 aromatic ether group. In_ another embodiment, W is methyl, ethyl, propyl, butyl, isobutyl,
phenyl, 1,2%%9%%8?&?%%@@?@&5%&5@& ‘H%Xﬁﬂ@h@@&#ﬁé’é’@ e }ngclohexaned
civansl poySmPLysiore) B iiene dispaperale 4 pgiene of decipeniaiene 0013
integer fro rﬂrggegi%,i ?r?sl&qgr—]equgynﬂr%pt_q)%ocyanurate, trimethylolpropane triglycidy! ether, tris(4-

hydroxyphenyl)methane triglycidy! ether 2,6-tolylene diisocyanate, tris(4-

hydroxyphenyl)methane triglycidy! ether, glycerol propoxylate triglycidyl ether and

trimethylolethane trigiycidyl ether.

[0022] In another embodiment, the polyepoxide is a diepoxide. Diepoxides include, but

are not limited to, 1,3-butadiene-diepoxide, 1,3-butadiene diepoxide, dicyciopentadiene

dioxide, methyl cis,cis-11,12;14,15-dicpoxyeicosanoate.

{0023} The epoxide quaternizes the tertiary amine to form a quaternary ammonium

monomer. The quaternary ammonium monomer is also crosslinked by the epoxide to

make the monomer water insoluble.  Without crosslinking, the polymers would dissolve

in water and would be ineffective for use in ion exchange materials. In one embodiment,

the monomer is highly crosslinked. In another embodiment, the polymer is crosslinked in

the range of from about 50 to about 100 percent. In another embodiment, the polymer is

fully crosslinked.

[0G24] Polymerization of the quaternary ammonium monomer to form the anion

¢xchange polymer can occur simultaneously with the reaction for quaternizing and

crosslinking the tertiary amine. The reaction of the tertiary amine and polyepoxide and

the polymerization reaction may be carried out by heating the reactants and monomers to

4 suitable temperature and for a time sufficient for quaternizing and crosslinking the

tertiary amine and for polymerizing the quaternary ammonium monomer. In one



[0019] In another embodiment, a method for making an anion exchange polymer comprises reacting a
tertiary a ne, an acid inhibitor and a polyepoxide to form a quatemary ammonium monomer and
polymerizing the quaternary ammonium monomer in the presence of a catalyst. [0020] The tertiary
amine may %@&ﬂ”@ﬂ?ﬁ}?@ﬁic tertiary amine. In one embodiment, the ethylcHid feyt8 atibe is selected
from the group consisting of dimethylaminopropylmethacrylamide (DMAPMA), dimethylam
nopropylacrylamide (DMAPAA), diethylaminopropylmethacryl amide (DEAPMA),
dimethylaminoethylmethacrylate (DMAEMA) and mixtures thereof. In another embodiment, the
ethylcnic t&faAL R IR BRREEIMAPMETORRY] ThE SoRRPOXIAE tay Beodisy type of
no's/epoxide having at |least two epoxide groups. In one embodiment, the polyepoxide is a diglycidy1
ether or a FYRAGEYFEHRT THEFTEMTT B SifendaoptGle REPRHIIES To khgraRelycol diglycidy!
ether, diglycigyl 1,2-cyclohexanedicarboxylate, N,N-diglycidy1-4-glycidyloxyaniline, bisphenol A
ciglycicyt SHEP B e RSB ARE B e A BiCpHEROY Eoiyy CafRbther 1 4 putanediot d

glycidyl ether, 1,4-butaned Iﬁji lycidyl ether, 1.4- c cIoFeaned_ thano) diglycidyl ether, glycerol
diglycidyl ef gﬁdlg}s%lr%é%&r @ lﬁ%glyfiléﬁe?rr?%iémﬁgﬁy%fw 8)2?/)4[) Oélggl r%tgt%a}ﬁea% fgl%%enol A propoxylate

diglycidyl i id_diglycidyl e lene alycol diglycidyl ether, prominatcd tyl
ool oy a] B, gy S e S s Sl e

ther-terminated po imethylsiloxane )

diglycidyl ether, RoMprapylensgineal diglyaidyh &g tmikad-Rrapanetiolglycidyl ether and

1,3-butanediol diglycidyl ether. Triglycidyl ethers include, but are not limited to,

tris(2,3-epquypsonyRigecyanstate. i ipribvalnronane.tiakvcidyh athemttisidr, hideaxyphenyl)metha.ne
triglycidyl ether 2,6-tolylene diisocyanate, tris(4- hydroxyphenyi)nethane triglycidyl ether, glycerol

propoxylatedsightcidylsthesane thimethytplathane drighy cidil.ethamidRr 2kdneanather embodiment, the

polyepoxide is a diepoxide. Diepoxides include, but are not limited to, 1,3-butadiene-diepoxide,
1,3-butadignéydiepakidedicytiopantactian®dipxits fpelsyk-aisicis- Thelaibdil fdiepoxyeicosanoate.
[0023] The epoxide quatem zes the tertiary amine to form a quaternary ammonium monomer. The
guaternarygemriomguscomandntdsistal soxcuosstinkiddibybihe epaiic értamaie tHEhmandmer water
insoluble. Without crosslinlcing, the polymers would dissolve and would be ineffective for use in
ion exchangé:materialshd monerembeoditndngithembodomet. ibhighlyrdribgstinkediisrahother
embodiment, the polymer is crosslinked in the range of from about 50 to about 100 percent. In another
embodimeAti¢hduraiyircsfafiimasssimked 100D Pelydrsribationdtliméauaternary ammonium
monomer to form the anion exchange polymer can occur simultaneously with the reaction for
quatemizinty SRS SSHTRirBe R fe P Adtide ST AE Feiédi SR ISCHRBABFLHY- affinacithd polyepoxide
and the polymerization reaction may be carried out by heating the reactants and monomers to a

suitable teMBEVATR:! O A AR folon BuER ARz R R S BRERkiHY e tertiary amine and

for POty me e A e A A A L O A M bout 75 percent by mole

weight to about 125 percent by mole weight, based on the mole weight of the tertiary
amine. In another embodiment, the acid inhibitor is present in an amount of from about
75 percent by mole weight to about 100 percent by mole weight, based on the mole
weight of the tertiary amine.

[0026] The anion exchange polymer may be synthesized using a wide ratio range of the
tertiary amine to the polyepoxide. In one embodiment, the ratio is from about 0.3 o

about 1.5 moles of the tertiary amine to each equtvalent mole of the polyepoxide. In

10



embodiment, the temperature range is from about 40C to about 150C. In another embodiment, the
temperature range is from about 60C to about 110C and in nother embodiment, the temperature range
is from about 85C to about 100C. In one embodiment, the reaction time is from about 1 minute to
about 2 houts¥ HEAGHET embodiment, the reaction time is from about 1& iR &EBut 1 hour. In
another embodiment, the reaction time is from about 20 minutes to about 45 minutes. [0025] The
guatemization is conducted in the presence of an acid inhibitor, which controls the polyepoxide from
self polymerization. The acid inhibitor prevents the polyepoxide from self polymerizing by quenching
the reactioA"Ithey SmbRimsHgthererm fosoabviidtyy HhehhBantler atibeifmibies et in the
reaction. The acid inhibitor may be any type of acid, In one embodiment, the acid inhibitor is a mineral
acid. In anc‘i‘?ﬁ@?‘@ﬁr\Bﬁ‘amﬁieﬂﬁérﬁ’(}:‘?ooﬁ%m?’?ﬁem%s, but is not limited to, hydrochloric acid,

methane sulfonic acid, sulfuric acjd or. phosphoric. acid. The acid inhibitor js added in any amount
suitable fomﬁf RFAR BAE0RALt TR EOTneE §76 el FRIBROP RO GRSEHY i an amount

of from about 75 percentycmale weigitfo about L25.percentby male weight, fased on the mole
weight of the tertiary amine. In anothier embo ent, the acid’Inhibifor’Is present in an’ amount of from
%ﬂ&%?%e%edi&eﬁnbéﬁ@ao'%%‘? Is%?t%btfea 8%%1 %&% mole weight of

about 75 percent l? IeL‘ Weigm 10,8
the tertiary almgllrﬁeé E% ﬁgé)] The anio‘rllt%& arige polymer mayn[c;e synthesized using’a wide ratio range of

the tertiary arine.10.1he PRIYERQKIAE NSRS RBROImEN) 116 falia s fam apoutPi3 o about 1.5

moles of the tertiary amine to each equivalent mole of the polyepoxide. In another embodiment, the

ratio is fromReYltherionale W10 Moles e themteftian: amine monomer per equivalent mote of the
polyepoxide. [0027] A catalyst is added to aid in polymerization. The catalysts may be spontaneously

activated ofpmetlyateddam heah-58ctinmageticaiaiationa gleciFpaibermradintigR.eihy-chemical
promoters. The catalyst may be added in any amount suitable for aiding in polymerization. In one
embodimenty it tatialysiomen. an ameutiodtfran hdbeutk0:d: to ahauiid paceabbyweight of the
reaction mixture. [0028] The catalyst may be any type of catalyst suitable for polymerizing the
guaternaryiachrienivmismon omesd lio ,onglembbdifrents theccadalyst Eiapedxidexile peroxide
includes, but is not limited to, methyl ethyl ketone peroxide and dibenzoy-1 peroxide. In another
embodimentother cathiysina tatetadpitisle wrioil sdibidenzbd seititor-d etiage. initiatorincludes, but is
not limited to, 2,2'-azobis[2-(2-imidazolin-2- yppropane]dihydrochloride, 2,2'-azobis(N,N'-dimethylene
isobutyra ciFEREHYGFeeidites Doplimseisi A etagibehigriandaei@dinydrochloride, 2,2'-azobis[N-(2-
carboxyethyl)-2-methylpropionamidinelhydrate, 2.2.-azobis{2-[] -(2-hydroxyethyl)-2-

imidazolin-24§ 5@%%@5@%&@W(Naﬁzﬁw&&@%ﬁymmﬁﬁa@] and dimethyl

2,2'-azobis(2-methylpropignate). [0029] The term "chemical promoters” as used herein refers to a

substance, WHITIR A s es t e PR SO HRERS AN SRAKKITRSSIPE I TorBRMtIoh With another
talyst. F | thyl ethyl ket ) id f ' talyst itsel t its rate of
itiation cott 8 GPEE AR A Ly AR RS 1 LIRS e SO AR romoters. s

pz'omoters, such
as, for example, cobalt naphthenatc,.Simjlarly, dihenzoyl peroxide, can function.as, a catalyst itself, but
s action b B R e B S RO S i merization
agents Cand%%m%5@92{%)8{&@-%@%?%&%?-06 of chemical promoters, which are photoinitiators or

chemical compounds that generate cals. Non-limiting examples of photoinitiating chemical

promoters jpghiderhenzerhepone: BrRZY.RATAUNARR:LR%IAND msthvanshiue-

increases the rate of polymerization either by itself or in combination with another
catalyst. For example, methyl ethyl ketone peroxide can function as a catalyst itself, but
its rate of initiation can be greatly increase by small amounts of transition metal salt
chemical promoters, such as, for example, cobalt naphthenate. Similarly, dibenzoyl

peroxide can function as a catalyst itsclf, but its action be accelerated by a

il



[0030] In one embodiment, the components are combined in the presence of a solvent. Any solvent is
suitable for use in this embodiment, so long as the solvent is not itself polymmizable and the
components are soluble in it. Solvents suitable in this embodiment include, but are not Limited to,
water, polyetyiEH&GRIBIs, dimethylsulfoxide, 2- pyrrolidone, N-methyl RS HEHE S ixtures
thereof. [0031] The amount of solvent is added in any amount suitable for solubilizing the components.
In one embodiment, the amount of solvent is from about 10 to about 90 percent by weight based on
the total weight of the reaction mixture. In another embodiment, the amount of solvent is from about 20
to about 70°pBsEBHRBYARERRIBEISEH the Rt & Welg it on hrd MESCABHP INFRENS Sl BerSmer
embodiment, the amount of solvent is from about 25 to about 50 percent by weight based on the total
weight of tHB¥E&HBRTN dFe T RIBRES) OF (FE LRI BFREARE Sre baTR B SR AABERREE in any conventional

manner. The order of additign s not critical and the components may be added in any order. [0033] An
example o ATELESHIBAHIAY Ak AoREHH A SOt AHONGHEF BYAPRRIEHAG DMAPMA with a

O Y R I A RGeS U D ORI Kenbhe, BT MR RGL, coamn 0 9900

and methylene blue.

[0030] In one embodiment, the components are combined in the presence of a solvent.
Any solvent is suitable for use in this embodiment, so long as the solvent is not itself
.poiymerizable and the components are soluble in it. Sclvents suitable in this embodiment
include, but are not limited to, water, polyethylene glycols, dimethylsulfoxide, 2-
pyrrolidone, N-methy! pyrrolidone and mixtures thereof,

[0031] The amount of solvent is added in any amount suitable for solubilizing the
components. In one embodiment, the amount of solvent is from about 10 to about 90
percent by weight based on the total weight of the reaction mixture. In another
embodiment, the amount of solvent is from about 20 to about 70 percent by weight based
on the total weight of the reaction mixture. In another embodiment, the amount of
solvent is from about 25 to about 50 percent by weight based on the total weight of the
reaction mixture,

[0032] The components are combined and reacted in any conventional manner. The
order of addition is not critical and the components may be added in any order.

[0033] An example of a reaction forming a quaternary ammoniwm monomer by reacting

DMAPMA with a polyepoxide and hydrochloric acid (FCl) is shown befow:
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[0034] Additionally, other ethylenic monomers may be added to the polymerization

mixture to increase or decrease the ion exchange capacity of the resulting ion exchange

but are not limited to, methacrylamine, N-methylmethacrylamide, N-vinyi pyrrolidinone
and N-vinyl caprolactam. Examples of ethylenic monomers that raise the ion exchange
capacity include, but are not limited to, methacrylamidopropyl! trimethylammonium
chloride (MAPTAC) and trimethylammonitumethyl methacrylate chloride (TMAEMC).
[0035] These ethylenic monomers may be added to the reaction mixture with the other
reactants and may be added in any order with the reactants, The ethylenic monomers
may be added in any amount suitable for affecting the ion exchange capacity of the ion
exchange polymer. In one embodiment, the ethylenic monomer is added in an amount of

from about 0 to about 50 molar percent of the tertiary amine. In another embodiment, the
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[0034] Additionally, other ethylemc monomers may be added to the polymerization mixture to increase
or decrease the ion exchange capacity of the resulting ion exchange polymer. Examples of ethylenic
monomers that a; vv the ion exchange capacity include, but are not limited to, methacrylamine,
N-methylmefffaZi{i4 &8 N-vinyl pyrrolidinone and N-vinyl caprolactarn. BXapiEYE eHifienic
monomers that raise the ion exchange capacity include, but are not limited to, methacrylamidopropyl
trimethylammonium chloride (MAPTAC) and trimethylammoniumethyl nnethacrylate chloride
(TMAEMC). [0035] These ethylene monomers may be added to the reaction mixture with the other
reactants SfEVHRRY BORRIBRITRY AP efab VP IR PE SE BRI 206 B9 RbAEtAOALY3Ers may be added
in any amount suitable for affecting the ion exchange capacity of the ion exchange polymer. In one
embodimeRE R SiHYRIEHoHBIer B Gt FPAAARTi PO PRSP 4bBGP o6  bBUS0 molar percent
of the tertiary amine. In another.embodiment, he ethylenjc monomer may he added in an amount of
from about 16 b BOATRY I PLrEaH B the TRHAI AT T ARGE EHABOEIRERN, the ethylenic

monomer gy b added . an amoun, of 1om, about 30 to about 40, molar percent of th tertary

. ange polyvmer mie SC 11.01C
amine. [00 e anion exchange potymer n?éyebe (sed 16 Tormjon exc ange matenals. In one

embodime@&}@{ai&@&%&b%%%mﬁ{gy%{a%&m%iﬁgr%@s%w%ﬂi&%‘&@a&%&%xﬁﬁ%% havingthe formula:

0=0R2 xe e

formula;

wherein R is ~[CH,-CH(OH)],-W; R; is hydrogen or a C;-C,; alkyl group; a 1s from
about 0 to about 0.75, b 1s and ¢ are each independently, from about 0.25 to about 1.0; Z

is oxygen or N-Ra; Ry is —{CH;]y-; Ra is hydrogen or ~[CH;]n-CHa; R4 and R are each,
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R4-N-xee I RANR5 R2 C [-1,2c c, | wherein R is -[CH2-CH(OH)]2-W R1 is hydrogen or a CI-C12
alkyl group; a is from about 0 to about 0.75, b is and c are each independently, from about 0.25 to

about 1.0; Z is oxygen or N-R3; R2 is -[CH2]i--; R3 is hydrogen or -[CH2]m-C143; RA and R5 are
each, WO 2009/079082 PCT/US2008/079900

independently, —[CH; |,-CHs; X is selected from the group consisting of Cl, Br, I and
acetate; W 1s a bridging group or atorny; m is an integer from 0 to 20; n is an integer from

I to 20; and Y is selected from the group consisting of

CI:KO N Rg ‘
U
g
Re Rr | Rg and \Cmoa

wherein R, Ry and Ry are each, independently, sclected from the group consisting of
hydrogen, -{CH3j,-CH3 and ~CH(CHaz)s; Re is —{CHa],; p is a number from 3 to 6 and q is
a number from 0 to 3.

[0037] In one embodiment, R, is a C;-Cy alkyl group. In another embodiment, R, is
methyl, ethyl, propyl, butyl or isobutyl.

[0038] In one embodiment, a is from about 0.25 to about 0.50. In another embodiment, b
18 from about (.50 to about 0.75. In another embodiment, ¢ is from about 0.50 to about
0.75.

[0039] In one embodiment, Z 1s ammonia, trimethylammonia or triethylammonia.
[0040] W is a bridging group or atom. In one embodiment, W is a hydrocarbon group,
an inorganic group or inorganic atom. 1n one embodiment, W is a C;-Cyg alkyl group,
C1-Csp alkyl ether group, Cg-Cag aromatic group, Cs-Cap aromatic ether group or a
siloxane. In another embodiment, W is a C-Cs alkyt group, C;-Cy alkyl ether group, a
Cs-Cyo aromatic group or a Ce-Cig aromatic ether group. In another embodiment, W is

methyl, ethyl, propyl, butyl, isobutyl, phenyl, 1,2-cyclohexanedicarboxylate, bisphenoi
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independently, -[CE12]01-0-13; X is selected from the group consisting of Cl, Br, | and acetate; W is a
bridging group or atom; m is an integer from 0O to 20. n is an integer from | to 20; and Y is selected from
the group consisting of 0 1 R6R7, wherein R6, R7 and R8 are each, independently, selected from the
group considtifig8fRyBgen, -[CH2]g-CH1 and -CH(CF13)2; R9 is -[CHEEBES28080iB&r from 3 to 6
and g is a number from 0 to 3. [0037] In one embodiment R1 is a C1-05 alkyl group. In another
embodiment, R1 is methyl, ethyl, propyl, butyl or isobutyl. [0038] In one embodiment, a is from about
0.25 to about 0.50. In another embodiment, b is from about 0.50 to about 0.75. In another embodiment
r is from aboutietEgeec bl ogsreinol, cyclohexanedimethanol, poly(dimethylsiloxane), 2,6-

tolylene diisocyanate, 1,3-butadiene or dicyclopentadiene.

[0041] In one embodiment, m is an integer from 0 to 10, including from 0to 5. In
another embodiment, n is an integer from 1 to 10, including from 1 to 5.

[0042] In one embodiment, the ion exchange material may be anion exchange resin beadsl
or an anion exchange membrane.

[0043] In another embodiment, a method for making an ion exchange material comprises
reacting a tertiary amine, an acid inhibitor and a polyepoxide to form a quaternary
ammonium monomer and polymerizing the quaternary ammonium monomer in the
presence of a catalyst.

[0044] An anion exchange membrane may be formed by any method known in the art.

In one embodiment, the membrane is formed by reinforcing a fabric with the anion
exchange polymer. A liquid mixture of the reactants can be applied to the fabric by
casting the liquid monomer mixture onto the fabric or by scaking the fabric in the liquid
mixture using individual pieces of fabric, multiple pieces of fabric arranged in stacks or
with fabric from & roll in a continuous process. When heat is applied, the reaction
between the reactants and polymerization will occur to form a crosslinked anion
exchange membrane supported by a fabric.

[0045] In another embodiment, the membrane is formed by imbibing a porous piastic
film, such as polyethylene, polypropylene or Teflon®, with the anion exchange polymer.
A liquid mixture of the reactants can be applied to the porous plastic film by casting the
liquid monomer mixture onto the porous plastic film or by soaking the porous plastic film

in the liquid mixture. When heat is applied, the reaction between the reactants and
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[0039] In one embodiment, Z is ammonia, trimethylammonia or triethylammonia. [0040] W is a bridging
group or atom. In one embodiment, W is a hydrocarbon group, an inorganic group or inorganic atom.
In one embodiment, W is a C3-C30 alkyl group, C1-C30 alkyl ether group, C6-C30 aromatic group,
C6-C30 aroMi&ti¢EtRE P roup or a siloxane. In another embodiment, W isP&THEPB08K3A%8oup, C1-C6
alkyl ether group, a C6-C10 aromatic group or a C6-C10 aromatic ether group. In another
embodiment, W is methyl, ethyl, propyl, butyl, isobutyl, phenyl, 1,2-cyclohexanedicarboxylate,
bisphenol A, diethylene glycol, resorcinol, cyclohexanedimethanol, poly(dimethylsiloxane), 2,6-
tolylene diiSebyasateion 3viLeseis e lormiegmopakaldinite, Joowiimsndmmboipasnd i is an integer
from O to 10, including from O to 5. In another embodiment, n is an integer from Ito 10, including from 1
to 5. [0042F PG %Wﬁ%cmﬁbnt, the ion exchange material may be anion exchange resin beads or an
anion exchﬁ}:@%m%mbmne. [0043] In another embodiment, a method for aking an ion exchange

e

material co FEHEARGHSIEPRE R AMTES 53 40 Bmplareairacd o &Yékiaesto form a quaternary
ammonium monomer ngﬂegl. m rizin%lthe qua?gmq&ammoniu monomer in@%%d?sence of a

catalyst. [0B44T AR dhio exch%fndrelt(r)ﬁgerﬁgr%{dﬁtéc Sy B PO SR 5 EHbE H’the art. In one
embodiment, the membrane is formed by reinforcing a fabric with the anian exchange.polymer. A
liquid mixture éo %%el}él%(ét%ﬁgacgg ‘énﬁ%}&@c’?%lﬁﬁé%aﬁbﬁcpgéf (g:g\lgtmnﬁ fid ﬂc‘f@fgprﬁgﬁ mel mixture onto
the fabric of;by;saaking thefahrig in L‘%‘kﬂe@% %&l&!@qi d&\l/lrg | pieces of fabric, multiple pieces
of fabric a?%gangled in stacks (ﬂgr’%rvith fggﬁc from a roﬁ%nra con%%u&us&%rcgség(sfzéwcglﬁ%gat is applied, the

reaction befyggn.the reactants and polymerization will occur to form a crosstinkcd anion exchange
membrane supported by a fabric. [0045] In another embodiment, the membrane is formed by imbibing

a porous plastio; Faieh as-palyeiudens, W@&Q%%@&ﬁlﬁ@% with e, pRioR£xehange polymer.

A liquid mixture of the reactants can be applied to the porous plastic film by casting the liquid monomer
mixture ont@ thesparonsiptagsiefilmiomnisoakingathe ROFeHS RIastienfilbcipdhg liguighmibsurc When

heat is applied, the reaction between the reactants and
is applicd, the reaction between the reactants and polymerization will occur. Beads may
also be produced by a vibratory spray mechanism.
[0048] In order that those skilled in the art will be better able to practice the present

disclosure, the following examples are given by way of illustration and not by way of

[immtation.

EXAMPLES

EXAMPLE 1
[0049] DMAPMA (30.6 g, 0.18 mole), hydrochioric acid (15.4 g, 0.16 mole), 1,2,3-
propanetriol glycidyl ether (GE100) (23.6 g, 0.09 mole) and 28.0 g of water were mixed
and stirred for one hour. 1.4 g of a catalyst, 2,2’ -azobis(N,N'-dimethylene
isobutyramidine) dihydrochloride supplied by Wako Chemicals USA, Dallas, Tex.
(VAD44), was added and the mixture was spread onto acrylic cloth between two Mylar

sheets and sandwiched between glass plates. The resulting assembly was heated to 85°C
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polymerization will occur to form a crosslinked anion exchange membrane supported by a porous
plastic film. [0046] The anion exchange monomers can also be polymerized into a solid mass,
processed and pulverized into small particles. The small particles can then be blended in an extruder
and heated WRFYHIENEY plastic, such as polyethylene or polypropylene PFRE &40 ion exchange
mixture can then be extruded into thin sheets of ion exchange membranes. [0047] Exchange resin
beads may be produced by suspending the mixture of the reactants in a water immiscible organic
media and heating to form ion exchange beads. When heat is applied, the reaction between the
reactants a8 HoWHERzaliBh Wit BEEUr a8 sagsragid| & Beyiswsuensy dmseams &ray mechanism.
[0048] In order that those skilled in the art will be better able to practice the present disclosure, the
following eX&PReSLIEGRER by way of illustration and not by way of limitation. EXAMPLES EXAMPLE
7

1[0049] D 30. 0.18 m hydrochloric acid (15.4 g, 0.16 mole), 1,2,3- propanetriol glyc
dyl ether (g/@l%\gﬁ%ﬁé % g"

. le), i
MRS 53‘255’ P8 %?Rﬁlgl’é?’ &e mixed and stirred for one hour. 1.4 g of

a catalyst, 2,2'-azebi§&(16)Ne I}I-)dizn}eépylene isobutyramidine) dihydrochloride supplied by Wako Chemicals
USA, Dallas, Tex. &9 4945}{ was added and the mixture was spread onto acrylic cloth between two
Mylar sheets andm&?ﬂ%&p&@ (}%Etvz_\jg?’g glass plates. The resulting assembly was heated to 85C for 30
minutes. The sandwich was sepg\rated and the resulting anion exchange membrane was placed into

water. [0050] Thegfollawing Bigmirane prqperties were obtained:
Thickness (cm) = 0.063
[0051} The anion exchange capacity was expressed as milligram-equivalents per gram of
dry anion exchange resin in the nitrate form (i.e., not including fabric). The water
content was expressed as percent by weight of the wet anion exchange resin in the nitrate
form (i.c., not including fabric). The areal resistance of a square centimeter of membrane

in the chloride form was measured in ¢.01N NaCi at 1000 Hz.

EXAMPLE 2
[0052] BDMAPMA (30.6 g, 0.18 mole), hydrochloric acid (15.4 g, 0.16 mole), 1,2,3-
propanetriol glycidyl ether (GE100) (23.6 g, 0.09 mole}, N-Vinyl caprolactam (9.4 g,
0.068 mole) and 28.0 g of water were mixed and stirred for one hour. 1.4 g of a catalyst,
2,2"-azobis(N,N'-dimethylene isobutyramidine} dihydrochloride supplied by Wako
Chemicals USA, Dallas, Tex. (VA044), was added and the mixture was spread onto
acrylic cloth between two Mylar sheets and sandwiched between glass plates. The
resulting assembly was heated to 85°C for 30 minutes. The sandwich was separated and
the resulting anion exchange membrane was placed into water,

[0053] The following membrane properties were obtained:

Cap(meq/g) = 2.35
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Cap(meq/g) = 2.67 Water content (%) = 43.8 Resistivity (ohm-cm2) = 11.1 Thickness (cm) = 0.063
[00511 The anion exchange capacity was expressed asmilligram-equivalents per gram of dry anion
exchange resin in the nitrate form (i.e., not including fabric). The water content was expressed as

percent by WeiHI3F &%t anion exchange resin in the nitrate form (i.e., RETTHERBHAG Mbric). The

areal resistance of a square centimeter of membrane in the chloride form was measured in 0.01N
NaCl at 1000 Hz. EXAMPLE 2 [0052] DIMAPMA (30.6 g, 0.18 mole), hydrochloric acid (15.4 g, 0.16
mole), 1,2,3- propanetriol glycidyl ether (GE100) (23.6 g, 0.09 mole), N-Vinyl caprolactam (9.4 g, 0.068
mole) and 28.0 g Sfairareiearé’ mixéd -and stirred for one hour. 1.4 g of a catalyst,
2,2'-azobis(NN-dimethylene isobutyramidine) dihydrochloride supplied by Wako Chemicals USA,

C

Dallas, Tex. (VAORYSHAY AeRfecFBnkithé fixture was spread onto acrylic cloth between two Mylar
sheets and sandwi\%l d beéweep lass plates. The resulting assembly was heated to 85C for 30
minutes. The sang Wa Cg@p_a Aed and the resulting anion exchange membrane was placed into

water. 00 R O R A R PR R RIalR e SRR NI 7.3 3m of
dry anion exchange resin in the nitrate form (i.c., not including fabric). The water
content was expressed as percent by weight of the wet anion exchange resin in the nitrate
form (i.e., not including fabric). The areal resistance of a square centimeter of membrane
in the chloride form was measured in 0.01N NaCt at 1000 Hz.
[0055] While typical embodiments have been set forth for the purpose of illustration, the
foregoing descriptions should not be deemed to be a limitation on the scope herein.
Accordingly, various modifications, adaptations and alternatives may occur to one skilled

in the art without departing from the spirit and scope herein.
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Water content (%) = 419 Resistivity (ohm-em2) = 15.4 Thickness (cm) = 0.067 [0054] The anion
exchange capacity was expressed as milligram-equivalents per gram of dry anion exchange resin in
the nitrate form (i.e., not including fabric). The water content was expressed as percent by weight of
the wet anion exchange resin in the nitrate fon (i.e., not including fabric). The areal resistance of a
square centimeter of membrane in the chloride form was measured in 0.01N NaCl at 1000 Hz. [0055]
While typical embodiments have been set forth for the purpose of illustration, the foregoing
description not be deemed to be a limitation on the scope herein Accordingly, various
modifications, adaptations and alternatives may occur to one skilled in the art without departing from
- he spirit and scope herein. CLAIMS 1. A method for making an anion exchange polymer comprising
reacting a tertiary amine, an acid inhibitor and a polyepoxide to form a quaternary ammonium

monomer angl aoygﬂfdazm%'aﬁlﬂ%l%%%mm%a dumﬁmepedﬁﬁ,&fﬁ&g?eeeﬁﬁg@q%r%@ catalyst, wherein
the tertiary amine is an ethylenic tertiary amine, an erein the polyepoxide is a diglycidyl ether or a
triglycidyl ethge, an acid inhibitor and a polyepoxide to form a quaternary ammonium monomer

and polymerizing the guaternary ammonivm monomer in the presence of a catalyst,
wherein the tertiary amine is an ethylenic tertiary amine, and

wherein the polyepoxide is a diglycidyl ether or a triglycidyl ether.

2. The method of claim 1 Wheréin the tertiary amine is selected from the group
consisting of dimethylaminopropylmethacrylémide, dimethylaminopropylacrylamide,
diethylaminopropylmethacrylamide, dimethylatmnoethylmethacrylate and mixtures

thereof.

3. The method of claim 2 wherein the tertiary amine 'moﬁomer.is '
dimethylaminopropylmethacrylamide.

4, The method of claim 1 wherein the polyepoxide is selected from the group
consisting of diethylene glycol diglycidyl ether, diglycidyl .1,2«-cyclohexanedicarboxylate,
N,N—diglycidyl-4~g1ycidylOIXyaniline, biisphenol A diglycidyl ether, brominated
bisphenol A digiyéidyl ether, bisphenol F diglycidyl ether, 1,4-butanediol diglycidyl
ether, 1,4-butanediyl diglycidyl ether, 1,4—cyclohexanediméthanol diglycidyl ether,
glycerol diglycidyl ether, resorcinol diglycidyl ether, bis[4-(glycidyloxy)phenyl]methane,
bisphenol A propoxylate diglycidyl ether, dimer acid diglycidyl ester, ethylene diglycidyl
ether, brominated neopentyl glycol diglycidyl ether, digly_cidyl ether-terminated

poly(dimethylsiloxane), poly(ethylene glycol) diglycidyl ether,
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2. The method of claim | wherein the tertiary amine is selected from the group consisting of
dimethylaminopropylmethacrylamide, dimethylaminopropylacrylamide,
diethylaminopropylmethacrylamide, dimethylaminoethylmethacrylate and mixtures thereof 3. The
method of claim 2 wherein the tertiary amine monomer is dimethylaminopropylmethacrylamide. 4.
The method of claim 1 wherein the polyepoxide is selected from the group consisting of diethylene
glycol diglycidyl ether, diglycidyl 1,2-cyclohexanedicarboxylate, N,N-diglycidy1-4-glycidyloxyaniline,
biisphenol Adighyelsbit il diamnaiesdisphional bty WbeL Bisehanebiiabicioy! ether,

1,4-butanediol diglyCidyl ether, 1,4-butanediyl diglycidyl ether, 1;4-cyclohexanedimethanol diglycidyl
ether, giycesghdisiyrinleberaresarsa b el disldolpdavRbendInaane, bispheno

A propoxylate diglycidyl ether, dimer acid diglycidyl ester, ethylene diglycidyl ether, brominated
neopentyl %@L@abb&%ﬂ&%a%e@ﬂﬁh@tﬁglﬁg?wm@lﬁﬂy@&w(ﬁiﬁaﬁg}aﬁ&@%’g@@), poly(ethylene
glycol) diglycidyl ether, poly(propyleneglycol)diglycidyl ether, 1,2,3-propanetriol glycidyl ether, .
1,3-butanediohdigfyeidy) pHaratt $62i3eROYRIRRYNsATYRbps g imethyinipsaRangtriglycidyl ether,
tris(4-hydroxyphenyl)methane triglycidyl ether 2,6-tolylene diisocyanate, tris(4-

hydroxyphemymeltiengteghcidyiatbaerglycerol propoxylate triglycidyl ether and trimethylolethane
triglycidyl ether. 5. The method of claim 1 wherein the reaction is heated from about 40 C. to about

150 C. from abortelnmihbiderfeabautwhaiishe @adtihe el dfataivoliwbe®in thiieacid inhibitor is
hydrochloric acid, methane sulfonic acid, sulfuric acid or phosphoricacd 7. The method of claim 1
wherein thelsiticCofithe sholad afitenkdanyboireperequivalent mole of the polyepoxide is from about
0.3 to about 1.5. 8. The method of claim 1 further comprising adding an ethylenic monomer. 9. The
method of claimlevhetieid tieletinylenicmionimmerdsrééidcied frohthgcogplconsisting of
methacrylamine, N-methylmethacrylamide, N-vinyl pyrrolidinone, N-vinyl caprolactarn,
methacrylamidopropyd tiuitthy kodmophesplatiorideland trimethylammoniumethyl methacrylate

chloride.
7. The method of claim 1 wherein the ratio of the moles of tertiary amine per

equivalent mole of the polvepoxide is from about 0.3 to about 1.5.

8. The method of claim 1 further comprising adding an ethylenic monomer.

9. The method of claim 8 wherein the ethylenic monomer is selected from the group
consisting of methacrylamine, N-methylmethacrylamide, N-vinyl pyrrolidinone, N-vinyl
caprolactam, methacrylamidopropyl trimethylammonium chloride and

trimethylammoniumethyl methacrylate chioride.

21



