ANl ON EXCHANGE PCLYMERS, METHODS FOR MAKI NG AND
MATERI ALS PREPARED THEREFROM FI ELD OF THE | NVENTI ON
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and nore particularly, to anion exchange pol yners and
materi al s. BACKGROUND OF THE | NVENTI ON [ 0002] 1 on
exchange materials are commonly enployed to treat and
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devices for fluid treatnent may enpl oy exchange
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to transport one type of ion across the material in an
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tertiary am nes, which are quaternized to provide

ani onic functionality. The quaternary ammobni um

BACRIRRNIND GF Gl AFPENFGN_and polynerized to form

ani on exchange polyners. Typical nethods for

[0002] Ion exchange materials are commonly employed to treat and remove 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 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.



maki ng ani on exchange pol yners require the use of

al kyl halides for quaternizing the ani on exchange
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hazardous to use. It would be desirable to prepare

i nproved ani on exchange pol ynmers havi ng superi or

properties wthout using al kyl halides. SUWARY OF THE

enbodi ment, an ani on exchange
SUW%%@%@%%W wherein Ris -[CH - CH(OH) J
Ri is hydrogen or a G -G 2 alkyl group; ais from
[Oomﬁdubn@emboahwutaﬁaﬁﬁnebdamgepobnerhamheﬁndnwmndentIy,
fromabout 0.25 to about 1.0; Z is oxygen or NR3; R2
ISR-[CH 2 n-; R3 is hydrogemsor -[CH 2] mCH3; R4 and
R5| ar e ch, independ ntIy, - [ 2lmCH3; Xis
eete L ' of d, Br, I and
cptaté;|Wis a bri dg ng grjup of atom mis an
|n eger faomO0 to 20; " n is an intéger from1l to 20;
and Y is selected fromthe consi sting ofwherein
R6, R7 and Rg are each, indgpendently, selected from
t he group consisting of hydrmgen, -[CH2] g-CH3 and
-CH(CH 3)2; RO is -[CH 2]P; [p is a number from3 to 6
and q is a nunber fromO toF§. [ 0006] In anot her
enbodi nent, a nethodcj maki’ng an ani on exchange

pol ymer conprises rgactingpgq tertiary amne, an acid
i nhi bitor and a pol yep&xideNo—Rsrm a

wherein R is -[CH,-CH(OH)],-W; R; is hydrogen or a C;-C; alkyl group; a is from
about 0 to about 0.75, b and ¢ are each independently, from about 0.25 to about 1.0; Z is
oxygen or N-R3; R, is -[CH;]s-; R3 is hydrogen or —-[CH;]m-CH3; R4 and Rs are each,
independently, -[CH;]m-CH3; X is selected from the group consisting of Cl, Br, I and
acetate; 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



quat er nary anmmoni um nononer and pol yneri zing the
guat ernary ammoni um nononer in the presence of a
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exchange material conprises an ani on exchange pol ynmer
havi ng the fornul a:wherein Ris -[CH 2-CH OH)]2-W Ri
is hydrogen or a G -G 2 alkyl group; a is from about
0 to about 0.75, b and c¢c are each independently, from
bout 0. 25 to|about 1.0; Zis oxygen or NNR3; R2 is
[CH 2] n-; Is hydrogen or -[CH 2ImCH3; R4 and R 5
@rs—=éch, indgpendeftly, -[CH 2lmCH | X is selected
romthe group consisting of d, Br, || and acetate; W
S a bridgi ngcgroup or atom mis an Nnteger fromO to
/r ©nis an hgteger from1l to 20; !Y is selected
fr§n1the gro consi stin ofmherel nd Rg are
® each, i'ndependently, sé8cted from th&group
consi sting of hydrogen, -[CH2]qg-CH3 and -CH(CH 3)2; RO
whargin RsORy @11dRs ae |escha1nd@mmi|entﬂy,@nh63ted drogn Téanzgr@pl aongisting of
nunmber fromO to 3. [0008] In another enbodi nent, a
hydrezieh ogCH;-OFikind g-CAR(CH ; RX GhdQle],niised muamhbet Gropt ? &6 and qis
reacting a tertiary amne, an acid inhibitor and a
a nudeY &Raxd g3t o form a quat ernary anmoni um nononer and
pol yneri zi ng the quaternary anmoni um nononer in the
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e I nprove ahlon exchange yners

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.

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

polymer having the formula:



for preparing the anion exchange pol yners w t hout

using al kyl halides and for materials that are
wW@b@olr®Bl y resi stant and non-foul i ng. DETAI LBBCT/US2008/079900

DESCRI PTI ON OF THE | NVENTI ON [ 0010] The singul ar forns

"a," "an" and "the" include plural referents unless

the context clearly dictates otherwi se. The endpoints

ofpall ranges reciting the me characteristic are

i ndlependent | y comnbi nabl e and’i ncl usive of the recited

engpoint Al'l referenfes arg I ncpr porated herein by

eftaTEs Crtedi G out" used in
copnectipn with a quahtity ﬂs i nclousi ve of the stated
v

ue and has the meani ng digztaied by the context

(e.g., includes the tol erande ranges associated wth
nmeasur enent of the particul guantity).[0012]
"Optional™ or "optionally" ans that the subsequently

descri bed event or circunstgnce may or may not occur,
or that the subsequently idéatified material may or
may not be present,xghd ng} the description includes
I nstances where the’ev N-CLIguUnmst ance occurs or
where the material is present, and instances where the
event or circunstance does not occur or the materi al
is not present. [001%) The i on exchange pol yner
contai ns cationic gKoups. @n one enbodi nent, an anion
exchange pol ynmer has t Rg—FoNwH—R;

R,
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wherein R is -[CH,-CH(OH)],-W; R; is hydrogen or a C;-C); alkyl group; a is from
about 0 to about 0.75, b and ¢ are each independently, from about 0.25 to about 1.0; Z is
oxygen or N-R3; R, is -[CH;]s-; R3 is hydrogen or —-[CH;]m-CH3; R4 and Rs are each,
independently, -[CH;]m-CH3; X is selected from the group consisting of Cl, Br, I and
acetate; 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 Ris -[CH2-CH(OH)]2-W Ri is hydrogen or a
Cl-C12 alkyl group; ais fromabout 0 to about 0.75, b
w0798 each i ndependently, from about 0. 25P€DUSHOR079900
1.0; Z isoxygen or NNR3; Ris -[CH 2]n-; R3is
hydrogen or -[CH 2]mCH3; R4 and R 5 are each,
i ndependently, -[CH 2ImCH 3; X is selected fromthe
group consistijng of C, Br, | and acetate; Wis a
ri dgi ng grouE or atom mis an integer fromO to 20;
is an integer from1l to 20; and Y is selected from
¢e—Coup co WtTﬁg of wherein R, RJ and R are each,
ndependent |y} selected fromthe gr oul consi sting of
ydrogen, -[Q@23mgoCH3 and -CH(CH 3)2N RO is -[CH 2] P
/p\isanun‘oer from3 to 6 and q ig; umber fromO to
R, 3.:[0014] In ne embodi nent, R isa - kyl group.
I n another enbodi nent, Bl s net hyl , &ThyT, -propyl,
butyl or isobutyl. [0015] In one enbodinment, a is from
wheagio is. B: 28! Roaralsedht 1glepeidently, aploetaed froanthe gravpraopsitingof
from about 0.50 to about 0.75. |In another enbodi nent,
hydtoges, {CHp,-@FDUind O-CRHICHR),aRe ist—[GHER; p [sGOdifhbdr fironn® to 6 and q is
enbodi nent, Z is anmonia, trinmethylamonia or

a ndnfde® oy @mgmni a. [0017] Wis a bridging group or atom
I n one enbodi nent, Wis a hydrocarbon group, an

[OOQﬁ] ﬁé gg&h%— %lg&%lng@f b g{r%’g%g’r}*mcm%ﬁﬁn idh %ﬁa&%"?@ﬂéﬁrﬁ Qt)mprises

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

[0010] The singular forms “a,” “an” and “the” include 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 quantity 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).



Cl- C30 al kyl ether group, C6-C30 aromatic group, C -C

Caromatic ether group or a siloxane. |In another
weewodraent, Wis a C -C al kyl group, G -C 6 aP&yiIS2008/079900

ether group, a C6-Ci O aromatic group or a C6-GC O

aromatic ether group. In another enbodinent, Wis

nmet hyl, ethyl, propyl, butyl, isobutyl phenyl ,

exndlcrox henoA dlethlene
[OO];]y 9(# on?ﬁgg{)?(?ﬁ Wapl?y glg}g%/néaléﬁ ﬁﬁescrlbed Vent or
pol y(di net hyl si | oxane), 2,6- tol yI ene d| I socyanat e,
CIrcumstam RAY RNBAYPOIRCEYs pbﬁ@hthﬁéu‘@w@uer{tlaod@yﬂﬁleﬁ ngyigsial may or
enbodi ment, mis an integer fromO to 10, including
mayf mcthﬂme(prctsenﬁand ﬂlaahodb@ripémbwlmlemhl,stancésswlmne thetes g@ror
from1l to 10, including from1 to 5. [0019] In another

circefib@at@tirs o2 wiRtiBE niadrialigr8@ne An@ s c@XCRa8 gR event or
pol ymer conprises reacting a tertiary amne, an acid

circhBaRéd &es 30 RuPH tM@ Hﬁ%’érg@lsttﬁt hl%rséﬁt.a quat ernary
amoni um nononer and po yneri ZI g the quater nary
[00 e %Iealrfllrgna yﬁ%{l < ﬁ’SP %ycggtam ?%rﬁ)ugs t 0q nl% aan og eﬁlg]an
.I'n ope enbodi n the thylenlctertlary amne is
anGIAXE AN PPYGHT %onsi sting of
di net hyl am nopr opyl met hacr yl am de ( DVAPMA),
di'fret hyl am nopr opyl acryl am ( DVAPAA) ,

di'Eehyl i nopr opyl net pacryl j?n dey ( DEAPMR) ,
+CreChy g 2y-l—a1+%9MAEMA) and m xtures
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wherein R is —[CH,-CH(OH)],-W; R; is hydrogen or a C,-C,, alkyl group; a is from

about 0 to about 0.75, b and ¢ are each independently, from about 0.25 to about 1.0; Z is



enbodi nent, the ethylenic tertiary am ne nononer is

DVAPVA. [ 0021] The pol yepoxi de may be any type of
weoiogepost de having at | east two epoxi de gr oupBCT/US20081¢79900

enbodi nment, the pol yepoxide is a diglycidyl ether or a

triglycidyl ether. Diglycidyl ethers include, but are

not limted to, diethylene glycol diglycidyl ether,

di gl ycid 1, 2. | ghexanedi car b t
oxy R e BT SO B G et Rurge By are cach,
~ diglycidyl ether, brom nated bi sphenol A diglycidyl
indepepdsntly 5§ hhbn6H:FX dt #llgeiqddyjom dhhgroup onpishing a% &Bi%‘b I and
di gl yci dyl ether, 1,4-butanediyl diglycidyl ether,
acetited W oyachrolpeeagredp neithen ol is dn ghtygdrdydm 8td20;,n iglay cgegdr from
di gl yci dyl ether, resorcinol diglycidyl ether,
1 tol®0s bt Va4 yetécid @eﬁyl)tmgﬂub Lomiistapef bi sphenol A
propoxyl ate di gl yci dyl ether, dinmer acid diglycidyl
ster, ethylepe glycol diglycidyl ether, brom nated
Eeopentyl gl ypol di gl yci dyl ether, diglycidyl
ther-term najed pal y(di methylsiloxane), poly(ethylene
fytnf) di gl ygi dyl &t her, pol y(propyl ¢negl ycol)
iglycidyl ether, 1,2, 3-propanetriol ¢lycidyl ether
nd 1, 3-buta Odi gl yci dyl ether. TWriglycidyl
'/é\hers includp, but are not limt t

R6trR§(2,3-epon%propyl)i%(ﬁyanurate,\Prbﬁgtﬁyjolpropane
triglycidyl ether, tris?’- hydr oxyphenyl ) met’hane

G erher, 2 Srlol sne. AL Soctanate, LS, o
llRosate driglyeidyl ether and trimeinyiolethane,
a number from 0 to 3.

[0014] In one embodiment, R; is a C;-Cs alkyl group. In another embodiment, R; is
methyl, ethyl, propyl, butyl 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 0.50 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 inorganic group or inorganic atom. In one embodiment, W is a C;-Csg alkyl group,
C;-Cy alkyl ether group, Cs-Cs aromatic group, Cs-Cso aromatic ether group or a
siloxane. In another embodiment, W is a C;-Cs alkyl group, C;-Cs alkyl ether group, a
Ces-C1o aromatic group or a Cs-Cjo aromatic ether group. In another embodiment, W is

methyl, ethyl, propyl, butyl, isobutyl, phenyl, 1,2-cyclohexanedicarboxylate, bisphenol



[0022] In another enbodi nent, the pol yepoxide is a
di epoxi de. Di epoxi des include, but are not limted to,
W@ 2@90t08zli ene- di epoxi de, 1, 3-but adi ene di epoxPTEPS2008/079900
di cycl opent adi ene di oxi de, nethyl cis,cis-I I,12;
14, 15- di epoxyei cosanoate. [0023] The epoxi de
guaterni zes the tertiary amne to forma quaternary
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wat er i nsoluble. Wthout crosslinking, the polyners
toly{gna Idéisefivaraeed-brtadisneer AYCIoRaiIAgidwe. | nef fective for

use in ion exchange naterials. In one enbodi nent, the
[00 Hdowee embodiinghnt, yn Grangsteperkiesm Olta 1Gniothdmgdninoditoréniy

the polyner is crosslinked in the range of from about

ano®@r é@bedigght, 4 00arP@keNfroml INtoalOinRRIdiedi et , t he
polymer is fully crosslinked. [0024] Pol ymerization of
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exchange pol ymer can occur sinultaneously w
conpER&l e 00ink Y e IR SO Zailnn%i(gﬂl 1§toP35d & BEL B8 0 form
nF%P?lgr@ & heTHE et of &? f A %8@?? F&‘hﬁiﬂe and
%olyepoxide and the po Xﬂg&izatigﬁ reacti on may, be
qUAtCHIY SRMOMHUTR{NORARET #Hif RAENFEARSE Bt RAGHE FrdRBIPEREN prgngmer

~ suitable tenperature and for a tine sufficient for
in thpupressned off meptalyigl crosslinking the tertiary amine and
for polynerizing the quaternary ammoni um nononer. In
[0020] elhrhodiaryeahine g Heanpaiddnic ertiangmine Thioameabodiment, the
400C to about 1500C. In another
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.
[0021] The polyepoxide may be any type of polyepoxide having at least two epoxide
groups. In one embodiment, the polyepoxide is a diglycidyl ether or a triglycidyl ether.
Diglycidyl ethers include, but are not limited to, diethylene glycol diglycidyl ether,
diglycidyl 1,2-cyclohexanedicarboxylate, 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-butanediyl diglycidyl ether, 1,4-
cyclohexanedimethanol diglycidyl ether, glycerol diglycidyl ether, resorcinol diglycidyl
ether, bis[4-(glycidyloxy)phenylmethane, bisphenol A propoxylate diglycidyl ether,

dimer acid diglycidyl ester, ethylene glycol diglycidyl ether, brominated neopentyl glycol



enbodi nent, the tenperature range is from about 600C
to about 1100C and i n anot her enbodi nent, the

W@ 209p@T®sUr e range i s fromabout 85C to about ROD0L2008/679900
one enbodi nent, the reaction tine is fromabout 1
m nute to about 2 hours. In another enbodi nent, the
reaction tine is fromabout 10 m nutes to about 1

. hayr. 1 n anpth nbodi nent,, . react.jon ti j rom
it e FeR Bl e ptr Aol A SR | s P
quaternj zation is conducted in the presence of an acid
glyqohrdiglyeidy! cthen polygusereicslycpl digysidyeiicael .2.8 grvraaptriol
pol ynmeri zation. The acid inhibitor prevents the
glypayledpornd &3futmediel flighalidytethiczi Tigglyyidguethakinvindehleut are not
reacti on. The amount of quenching is controlled by the
limisdoe Nivi s @f 3-860 3 ptdpil) ot @inuttse€ drimbthly gpropatt tigi cidihéher, tris(4-
acid inhibitor may be any type of acid. In one

hydgdr%?ﬁég&'i)ﬁ{ethah@ & gé’iéﬂ - B 4Ry IESe @isBLARLA! tr%géfj_ In

embodi ne he acid i'nhibitor’ 1 nclu but
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,i hhﬁi or is added in any anmount suitable for

tﬂnﬁg@’ ﬁ%ﬁ&tpﬁbwhbf9@ﬁ%xide. I n one enbodi nent, the acid
inhibitor is present in an amount of from about 75

[0037d rle @nethpiermipdementi ltpotyspesidets aldispqzedec diepdrydesonelude, but
wei ght, based on the nole weight of the tertiary

arc addlingited to, BAdubicnerdigoxident ,3-Hukeliaeiditporitichdityrlopchtadiene
present in an anount of from about

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

[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.

[0024] Polymerization of the quaternary ammonium monomer to form the anion

exchange 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

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

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



75 percent by nole weight to about 100 percent by nole

wei ght, based on the nole weight of the tertiary
W@ri0n8790B0D026] The ani on exchange pol ynmer nmay BRET/US2008/079900

synt hesi zed using a wide ratio range of the tertiary

am ne to the pol yepoxide. In one enbodi nent, the ratio

is fromabout 0.3 to about 1.5 noles of the tertiary

ne t ach e ui val en 4 i de.
ettt B St e ot 0 KB BR LSRN Bt
about 1.0 noles of the tertiary am ne nononer per
embodimerdd A erRsTEUISrangeds ér@nym{ﬁw to[ahopt7y10AC @a@ H) gnpther
is added to aid in polynerization. The catal ysts may
embodirspothe mamqesdtyreaangeviatioc drouagiiGratabdutoh)OR€ain one
el ectromagneti c radi ation, electron beamradiation or

emUMirBERthe adacRs OBt 6 Som BRBuCBHM ST d¥8Mt DRow@sdBOanother
any anount suitable for aiding in polynerization. In

em%'dﬁn&ﬂbtﬁg kéﬁ%ﬁ&n tu‘h@ ‘?s ﬁé‘&aa'bbi&tt 10 rﬁufu'fks Aa glﬁdﬁ‘? 4 'Houf?f Inf dnBffer

about 0. percent by wel
act | cata(%etana Se aq¥ type
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emigifay: tﬁ%ﬁac il f ms[lsg R Uhary”

anmnoni um NoNoJTer,. odi ment he caf al yst
(008 i caterntrtiop epugon h‘l:ﬂ%d’é%senﬁﬁf alns?‘chidflf“i%itﬂ‘{’ pteh

to, methyl ethyl ketone peroxide and di benzoyl
conpels dh ey eponidg st eelf potpoeiization, Thheciddrlmbijertprienss the

wat er sol uble or oil soluble azo initiator. The azo
polyepbkidatiom schtpolgleszilgby fsensbinglthaichetibnt The amount of

2,2'-azobi s[2-(2-1imdazolin-2-
quenching is controlled by the amount of acid inhibitor used in the reaction. The acid
inhibitor may be any type of acid. In one embodiment, the acid inhibitor is a mineral
acid. In another embodiment, the acid inhibitor includes, but is not limited to,
hydrochloric acid, methane sulfonic acid, sulfuric acid or phosphoric acid. The acid
inhibitor is added in any amount suitable for quenching the polyepoxide. In one
embodiment, the acid inhibitor is present in an amount of from about 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 to

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

10



yl ) pr opane] di hydr ochl ori de,
2,2'-azobi s(N, N -di net hyl ene i sobutyram di ne)

waletwygrwshl ori de, 2,2 PCT/US2008/079900
' -azobi s(2- et hyl propi onani di ne) di hydrochl ori de, 2,2
' -azobi s[ N-(2-

car boxyet hyl ) - 2- net hyl pr opi onam di ne] hydrate, 2,2

ano‘i_h%; onLs %qh{nﬁ 1[2th5§| r%ts(? gpfd : oxgm}t %yg 1.)0_a%_out 1.0 moles of the tertiary amine

2, 2'-azob|sH2 met hyl - N- ( - hydr oxyet hyl ) propi onam de]
mowr@iemum enp nple afzféaﬁpgkyzp%é%w propi onate). [0029]
The term "chem cal pronoters” as used herein refers to
[002V]sAibstalystae addddi to hid inpobasewatitre Tlat eitdfsts may be spontaneously
pol ymeri zation either by itself or in conbination wth

actiPed fedctivakaby stat, Eestrampli €radMebhydlcionHeattghdiB€on or by
per oxi de can unction as a catalyst itself, but its

cheﬁl?ctaﬁ%l%]}ndté}kt irRd bﬁﬁy%ﬁﬂaﬁgﬁe &fd@@iﬂ M a{?ﬁ&&l@?@talBYe Rl ng in

amounts of transit sal t anca prmmtas
bal t hthenate
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but |ts action be accelerated by adimethylaniline

aboyhapergpnt dfrﬁglarofa‘ﬂf@awnr%%?. on pol yneri zation
aﬁents can beconme nore efficient in the presence of

[00H] elficcatalyst owuptbe ey typkiof katalyst siebloifer nalemenizingthe quaternary
chem cal conpounds that generate free radicals.

ammMiemiwii moiontg. &xampéraisodimepththic@atailyist Bta pegoxdde Miegleroxide
pronoters include benzophenone, benzyl, antraquinone,

1ncl§&)e%| Buta§FotTRAR t8N@cthl ehyI[R&3HR] eml&%d%mgbﬁ%%omde In
t he conponents are conblned in the presence of
anoﬁlg% grﬁf)](gdlment, the catalyst is a water soluble or oil soluble azo initiator. The azo
initiator includes, but is not limited to, 2,2’-azobis[2-(2-imidazolin-2-
yl)propane]dihydrochloride, 2,2’-azobis(N,N’-dimethylene isobutyramidine)
dihydrochloride, 2,2’-azobis(2-methylpropionamidine)dihydrochloride, 2,2’-azobis[N-(2-
carboxyethyl)-2-methylpropionamidine Jhydrate, 2,2’-azobis {2-[ 1-(2-hydroxyethyl)-2-
imidazolin-2-yl)propane], 2,2’-azobis[2-methyl-N-(2-hydroxyethyl)propionamide] and
dimethyl 2,2’-azobis(2-methylpropionate).
[0029] The term “chemical promoters” as used herein refers to a substance, which
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 itself, but its action be accelerated by a
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Any solvent is suitable for use in this enbodi ment, so
|l ong as the solvent is not itself polynerizable and

WO b@omepbnent s are soluble in it. Solvents suPCHIOEW08/679900
this enmbodi ment include, but are not limted to,
wat er, polyethyl ene glycols, dinethylsulfoxide, 2-
pyrrolidone, N-nethyl pyrrolidone and m xtures

0031] The. a f s Jven i s. added in an
aimighSlsfitric shebrrpgSo Y AeRgiol REbes e sty i become
one_enbodi nent, the anount of solvent is from about 10
morie stiapeniin 5o pesceeaRl dhgmigal premairs.evhighaterbofosigators or

wei ght of the reaction mxture. In another enbodi nent,
chemival eoropmindethas géneeatt fres radicabs. bmubmithgteaxamplsof 70
percent by wei ght based on the total weight of the

photoR@ilitifnc it éall hRomdters adi dieienesiiRdbie; Benzyl, hatradiindie, &dsin
solvent is fromabout 25 to about 50 percent by wei ght

andgﬁggqlgn% he total weight of the reaction mxture.
T e conponents are conmbi ned and reacted in any

ve nt 1L.O
[OO%ﬁlri gﬂ@n%eﬁp W c}gpmé)r%lﬁl%tg alrr%i%?nbbmedd qe ﬁ)rﬁsenﬁ % 3 l}zent
33 An le of a reaction formng a quaternar
Angy isitehlb gy ﬁheaf‘aﬂ?%ignmmnw e aolensiapesital
and hydrochloric acid (HCO) is shown bel ow, x=0 -100
pol)[rm@mlglemd ithd eomerionynts ercretubde ik ePolecnibsiviablegn py cipbodiment
added to the polynerization
include, but are not limited to, water, polyethylene glycols, dimethylsulfoxide, 2-
pyrrolidone, N-methyl 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 ammonium monomer by reacting

DMAPMA with a polyepoxide and hydrochloric acid (HCI) is shown below:
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m xture to increase or decrease the ion exchange

capacity of the resulting ion exchange pol yner.
wEx@apr®s2 of et hyl eni ¢ nononers that | ower theP¢CDES2008/079900

exchange capacity include, but are not limted to,

met hacryl am ne, N nethyl net hacryl am de, N-vi nyl

pyrrolidinone and Nvinyl caprolactam Exanples of

ethylenic nononers that raise the ion exchange

capaciyg LY i nclude, but hre not limted to,
thacr*ng%ggﬁL Ry! i_met hyl anmoni u hde O\\//Z;X
( MAPTAQ) anmwoni urmet h th Q%ylat

chlorlde (TMAEMC) . [l0035] These et hyl eni ¢ nono S may
be added Hglthe reattion m xture with the other
reactants and may be added ip any order with the
reactants. The ethylenic nonpners may be added in any
anount suitable for affecting the ion exchange
capacity of the ion exchangeYpolynmer. In one x=0-100
enbodi nent, the ethylenic nononer is added in an
anount of from about O to about 50 nol ar percent of
the tertiary amne. |In another enbodi nent,
t heet hyl eni ¢ nononer may be added in an anount of from
about 10 to about 40 nol ar percent ﬁ the tertiary
I n anot her enbodi ngnt, the e Q*Nn’c mononer
rra ddedi & a nt_Aqf
IarNﬁg?bé%?\ t e tefXiary anine. T0036] The anifn
xchdnge pol yffe be used t formion exchange O
materials. In one odi nent, an ion excﬁgnge mat eri al
conprises an anign exchange pol yner hawgmg the
for mul a: Cl

t

[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
polymer. Examples of ethylenic monomers that lower the ion exchange capacity include,
but are not limited to, methacrylamine, N-methylmethacrylamide, N-vinyl 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 trimethylammoniumethyl 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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wherein Ris -[CH 2-CH(OH)]2-W R is hydrogen or a

C-CG 2 alkyl group; ais fromabout 0 to about 0.75,
W2008/020082 ¢ are each independently, from aboutPOI/RS2008079900

about 1.0; Z is oxygen or NNR3; R2 is -[CH 2]n-; R3is

hydrogen or -[CH 2] mCH3; R4 and R5 are

each, i ndependently, -[CH 2lmCH 3; X is selected from

he group consjsti .of d, Br, and acet at e; is.a
et SioRTgr B o i fouti ek Bl 16 ket 1B s
nis an integer from1 to 20; and Y is selected from
perqeRkoifhe tastiary B81iRg. | lngnethepprabedimends therthydemc pgnamer may be
each, independently, selected fromthe group
addedbmsinstmaugyt of fromdibogel), to-ap@i 4Dk pardent CH{HCHIstYiaR, an@c.
is -[CH 2]P; pis a nunber from3 to 6 and g is a

[0038] MidRranfdniXcRarige pdlynidd @] bel uke® efoemliontxopatge ihtetislsaln one
C -C al kyl group. I'n another enbodinment, R 1s nethyl,

oSy, BTGP Mo ) 5B b 03 o i
fo ampxher enbodi nent, b !s fron1about 0.50 to about
. 75. I n another embodinment, c is fromabout 0.50 to
aqgut 0.75. [0039] In one enpodinment, Z is anmoni a,
tri'met hyl anmoni a or triethyljdmonia. [0040] Wis a

br) dgi ng] group or ato I n gne epbodi nent, Wis a
6tla , i i up or inorganic
atFn1 In;Pne enbodi neht, Wils a L]-C30 al kyl group,
Y

C:O
Z
R,
©
X @
R,——N——R;
R
©
X @
R,——N——R;
R,
Z
C:O
C
Ry

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

is oxygen or N-R3; R, is -[CH;],-; R3 is hydrogen or —-[CH;]m-CHs; R4 and Rs are each,
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Cl1- C30 al kyl ether group, C -C3Caromatic group, C

-C3Caronmatic ether group or a siloxane. |In another
weewodraent, Wis a C-C 6 al kyl group, C -C 6PGl/K§1008/079900

ether group, a C6-Ci O aromatic group or a C6-GC O

aromatic ether group. In another enbodinent, Wis

met hyl, ethyl, propyl, butyl, isobutyl, phenyl,

. 1,2-cycl nedj cgr.boxyl ,__bi sphenol A, die l.en
indGieGUgHS: 1oTbherhb R IR Rbnae BetnapTstine St XY B Fand
pol y(di net hyl sil oxane), 2,6- tolylene diisocyanate,
acetatez Wy istaghfideme gpuRiptyteme peisea ditegrs fronp6 40 20; mis gp énteger from
enbodi ment, mis an integer fromO to 10, including
1 tof20pandY tinsdectédframshdhgoup vbdkitimerof, n is an i nteger
from1l to 10, including from1 to 5. [0042] In one
nbodi nent, the ion exchange material may be anion
xchange resi p beads or an ani on exchange nenbrane.
Qﬂéﬂb I n anoyher_ggbodi ment, a nethoI for maki ng an
on exchange fmterial conprises reactiing a tertiary
mne, an acif inhibitor and a pol yepoxide to forma
uat er nary anyDRT T nononer and pol rizing the
guaternary anproni um nononer in tﬁé\ﬁé sence of a
Re caRal yst. [00%4] An anign exchange negtr=me may be
formed by any nethod known in the art. In one
[ vl i [ (o]
whef R R R R{ 1S R RIGRR gy QUER Bl B U ot of

e anron exc

hyd%n);g)é}l,u-liSH%E-CII—ﬂeanEe—%ﬁ(%ﬂsi; ?1ns —?SH?]?,P Il) %seadm}n?betr ?r%n{ ? ?0r é %nd qis

a number from 0 to 3.

[0037] In one embodiment, R; is a C;-Cs 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
is from about 0.50 to about 0.75. In another embodiment, ¢ is from about 0.50 to about
0.75.

[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 C,-Cs alkyl group,
C;-Cy alkyl ether group, Cs-Cs aromatic group, Cs-Cso aromatic ether group or a
siloxane. In another embodiment, W is a C;-Cs alkyl group, C;-Cs alkyl ether group, a
Ces-C1o aromatic group or a Cs-Cjo aromatic ether group. In another embodiment, W is

methyl, ethyl, propyl, butyl, isobutyl, phenyl, 1,2-cyclohexanedicarboxylate, bisphenol
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casting the liquid nmononer m xture onto the fabric or
by soaking the fabric in the liquid m xture using
WO po0TMsal pieces of fabric, nultiple pieces PET/USIINE/E79900

arranged in stacks or with fabric froma roll in a
conti nuous process. Wien heat is applied, the reaction
bet ween the reactants and pol ynerization will occur to

a cro sl i nked, ani.on exc menbr ane supporte
A, digthifefe g P topeig ie) D HORH O U B0 a P e PH B IoKanG). 2.6
menbrane is formed by inbibing a porous plastic film

tolykane fiisecypoatg v hpriedisnc potigylenspraditdcor Teflon(r), with
t he ani on exchange polynmer. A liquid m xture of the

[004ddoantmbadiment nappiniisdgérdrarh® tpadponslupingstdne 0fte 5mitby
casting the liquid nononer mixture onto the porous

anofheR&hbédifchiTh Of arbptgRakbMdl fol®, pRIig Rb@astibs. filmin
the liquid mxture. Wen heat is applied, the reaction

[Ooﬁ.ﬁtlﬁ%ﬁé‘ eﬁliagdlhfé% HRNLR RABRAGL Mﬁ?e'ha?ﬁta 80 alfoh lex GRAYE rdsfh beads

rma crosslinked anion eXxchange menbrane supporte
Oran%n exﬁ%%s %1 ﬁxac film [0046] The ani on exchange

AoMe C&h "5 56 be pol ynmeri zed into a solid nass,

cessed and ul veri zed into small particles
[00%414 gii

P grt S erdERins FBiedSor BRERBER e whonse e camarises

heated with a nelted plastic, such as pol yet hyl ene or
reaghipl pieroipsy amias, a‘rlr@iqoimgwpr: arghaipelpepoaidsiia iigfen Frijxatennary

can then be extruded into thin sheets of ion exchange
amm@iitman@smer 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 soaking the fabric in the liquid
mixture using individual pieces of fabric, multiple pieces of fabric arranged in stacks or
with fabric from a 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 plastic
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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[0047] Exchange resin beads may be produced by
suspendi ng the m xture of the reactants in a water
WO po9p9TI0B2 e or gani ¢ nedia and heating to formPCHUS2008/079900
exchange beads. Wen heat is applied, the reaction
bet ween the reactants and pol ynerization will occur.
Beads may al so be produced by a vibratory spray
|sn1 004 In order. that .those skilled in
polyIRirg P wihDHiat (LT ORI LR PeS b sipported by
di scl osure, the follow ng exanples are given by way of
a parpysydestistiil®n and not by way of |imitation. EXAMPLES
EXAMPLE 1 [0049] DVAPMA (30.6 g, 0.18 nole),
[0046)] diteciniaor éxchage dndnbBeds cpn alsolle pobyregrized i@p 3-solid mass,
propanetriol glycidyl ether (GEIOO (23.6 g, 0.09

prod®scd)and pd1v28z&H @tmaredLficler Ehdinkpaficle Séanrth@obd Blended in
one hour. 1.4 g of a catal yst,

an e%_trﬁderaaﬁﬁ B ENWND a%&?etd%és%@,esucﬁ gp%ﬁ%étﬁ?ﬂeﬂé Hﬁ}%olypropylene. The

ydroch oride suppli m tal s

plas[ag enxtcﬁan%VAfiﬁfr% %E}nv\‘?ﬁn Ed?ﬁméiﬁd tl% I’\'AA} n?lei,et[s ofday gxcha

sandmnched betmeen gl ass plates. The resulting

merdlraReh| y was heated to 85Cfor 30 minutes. The sandwich
was separated and the resulting ani on exchange

[0047d rizrchmeeviesin prasds ahyi betyodwned 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 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

limitation.

EXAMPLES

EXAMPLE 1
[0049] DMAPMA (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) 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
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[ 0050] The foll ow ng nmenbrane properties were

obt ai ned: Cap(neqg/g) = 2.67 Water content (% = 43.8
wWoe®PATI8 ty (ohmcnR) = 11.1 Thi ckness (cn) =POI/08808/079900

[ 0051] The ani on exchange capacity was expressed as

m|ligramequival ents per gramof dry anion exchange

resininthe nitrate form(i.e., not including

o B S R 5 e R PSR R R el

form(i.e., not including fabric). The area
wasypdaged iHAEMBST a square centineter of menbrane in the
chloride formwas neasured in 0.0 IN NaCl at 1000 Hz.

[00 EX ANVRLEB] 1@win@ GixhbrhdpvPerti8Owerepbtind®B nol e)
hydrochloric acid (15.4 g, 0.16 nole), 1,2, 3-

pr apg@bd/p- 2¢d7yci dyl ether (GEIOO (23.6 g, 0.09
nole), N-Vinyl caprolactam (9.4 g, 0.068 nole) and

2849mgr§&u&@¥ﬁg=mﬁi§ m xed and stirred for one hour.
1.4 g of a catalyst, 2,2'-azobis(N, N -di nethyl ene

SRR sl A e,
M XS S S 2 SRS onto
[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 0.01N NaCl at 1000 Hz.

EXAMPLE 2
[0052] DMAPMA (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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acrylic cloth between two Myl ar sheets and sandw ched
bet ween gl ass plates. The resulting assenbly was
whe@vemosn 85C for 30 m nutes. The sandwi ch waBCT/US2008/079900
separated and the resulting ani on exchange nenbrane
was placed into water. [0053] The foll ow ng nenbrane
properties wer e obtai ned: Cap(neq/g) = 2.35Water
ent = 42. esistivity (ohmcn) = 15.4

R&> éllgﬁ{) ‘% 67 [0054] The ani on exchange
ca acrty was expressed as mlligramequivalents per
gréﬁ$é$VﬂY9ﬂﬁmﬁ@hrekéﬁange resin in the nitrate form
(i.e., not including fabric). The water content was
exressess @s)pel@¢Eht by wei ght of the wet anion
exchange resin in the nitrate fornr(r. ., hot

[0034]CTHechinkgh dxeRdrige )capakitg vals@RprekRd ias hlligtartlq@valants her gram of
centineter of menbrane in the chloride formwas

dry %8R %ﬁfnqi %ﬁ egrnoin LN Naile Bim é%o %oklﬁlcld(@r%sf‘éjanw ' ”ﬂ‘h% water

typlc odi nents have been 'set forth for
con%H 'E/Frs exrpo?ss% asu Zetér % }( gf‘eltgerb gf fhe go ng ﬁx&lsan%ehgetsfélglﬁ %he nitrate

rein. A cord ngl vari gus nDdlflcatlons ,
Oma ot BHGOREY Py ESivRIFe GE R SUFRCHEnesaf pegnbrane
in the art mrthout departing fromthe spirit and scope
in thpeghdoridecdomn pBs measured 1n 0.01N NaCl 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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Havi ng described the Invention that which is clained
is: 1. An anion exchange pol yner having the fornul a:
wob@eeisR is -[CH -CH(OH)J -W R is hydrogenp@r/us2008/079900
C-C 2 alkyl group; ais fromabout 0 to about 0. 75,
b and c are each independently, from about 0.25 to
about 1.0; Zis oxygen or NR3; R2is -[CH2 n-; R3is
CLEﬁg ogen or -[CH 2]mCH3; R4 and R5 are each
pendently, -[CH 2]mCH3; X is selected fromthe
group consisting of A, Br, | and acetate; Wis a
bri dgi ng group or aton1 n1|s an |nteger from0O to 20;
Having desgibqdribe fuientionyibpt whish 2pclaigigd iy s sel ected from
t he group consisting ofwherein R6, R7 and Rg are each,
i ndependent |y, selected fromthe group consisting of
L. hy dkiogaan exdhapppaly@eshamg thelramla) 2; R9 is -[CH 2] P;
pis a nunber from3 to 6 and g is a nunmber fromO to
3. 2. e ani on exchange pol yner Raf claim 1 wherein Ri
IS thyl or ethyl, Wis afCl- 0 al kyl group, Cl-C30
al k hep, C
- C3Chr opati ¢ Pt her group of a ‘siljoxan mis an
integerlfrom®to 10 and nis anlinte ér from1l to 10.
3. The f%ni on exchange pol ymer of &M 1 wherein ais
fromabout 0.25 to 0.50. 4. A netlhod for naking an
ani on exchange polyner conprising reacting a tertiary
amine, an acid inhibitor and a pjiyepoxide to forma

guat er nary anmoni um nonomer R,
©
X @
R4 N—R;
R
©
X @
R4 N—R;
R,
Z
C—=0
C
R4

wherein R is -[CH,-CH(OH)],-W; R; is hydrogen or a C;-C); alkyl group; a is from
about 0 to about 0.75, b and ¢ are each independently, from about 0.25 to about 1.0; Z is
oxygen or N-R3; R, is -[CH;]s-; R3 is hydrogen or —-[CH;]m-CH3; R4 and Rs are each,
independently, -[CH;]m-CH3; X is selected from the group consisting of Cl, Br, I and
acetate; 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
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and polynerizing the quaternary anmmoni um nononer in
the presence of a catalyst. 5. The nmethod of claim4
WoR@oe79982 he tertiary amne is an ethyl eni c tePCi/EB3008/079900
amine. 6. The nmethod of claim5 wherein the tertiary
amne is selected fromthe group consisting of
di met hyl am nopr opyl net hacryl am de,
di met hyl am nopr opyl acryl am de,
EiethylaninopEopylnethacrylanide,
I met hyl am noket hyl net hacryl ate and m xtures thereof.
G—Tr® met hod\oF cr8i m 6 wherein the ertiary am ne
noner is di thylaninopropylnethacrilanide. 8. The
thod of cl acm=A—eherein the pol yepgkide is a
'/ (gl ycidyl etper or a triglycidylg e(ﬁ r.9. The nethod
R, cIa|n18 rein the polyepOX|de\hs seLeg%ed from
the group consi sting o@nélethylene egE‘T"PegC|dyI
et her, diglycidyl 1,2-cyclohexanedi carboxyl ate,
whexpinRdi Bt i Riydre gaah, megwd@m%a nelettae frobi hplgeanyl consisting of
di gl ycidyl ether, brom nated bi sphenol A diglycidyl
hydedgeer-[CHi sl —EI—HC@L)&;:RQW—[@HBEH) isla durithl diro@dd @ 6 and q is
di gl ycidyl ether, 1,4- butanediyl diglycidyl ether,

a nubatfer 8%l @hexanedi net hanol di gl yci dyl ether, glycero
di gl ycidyl ether, resorcinol diglycidyl ether,

2. B'r glEph%;(ay gl%’&bgﬁ&g%é@%? r(%H%e{Hr? [l h)grﬂ:?em@ %’%@@1&1 ?faéth%lyw 1saCy-
Cso a th’oup,ta-bgo a yg er group, Cs-C30 aromatic group, Cs-Cs3o aromatic ether
group or a siloxane, m is an integer from 0 to 10 and n is an integer from 1 to 10.

3. The anion exchange polymer of claim 1 wherein a is from about 0.25 to 0.50.

4. 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.

5. The method of claim 4 wherein the tertiary amine is an ethylenic tertiary amine.
6. The method of claim 5 wherein the tertiary amine is selected from the group
consisting of dimethylaminopropylmethacrylamide, dimethylaminopropylacrylamide,
diethylaminopropylmethacrylamide, dimethylaminoethylmethacrylate and mixtures
thereof.

7. The method of claim 6 wherein the tertiary amine monomer is
dimethylaminopropylmethacrylamide.

8. The method of claim 4 wherein the polyepoxide is a diglycidyl ether or a

triglycidyl ether.
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di gl yci dyl ether, brom nated neopentyl glyco
di gl ycidyl ether, diglycidyl etherterm nated
w@oiogpdioset hyl si | oxane), poly(ethyl ene gl ycol )PCT/US2008/079900
di gl yci dyl ether, poly(propyleneglycol) diglycidyl
ether, 1,2, 3-propanetriol glycidyl ether,
1, 3- but anedi ol diglycidyl et her,
tri.g(2, 3-epo )|so yanurate, tri | ol pr opane
9. | ri@ﬁm?theff BB P B e 5 288
triglycid ether 2, 6-tol yl ene diisocyanate, tris(4-
contigrasy EIong sipeolalich iy e digly el hbe-cyglopestnggarborylate
propoxyl ate triglycidyl ether and trinethyl ol et hane
N.N-dighlcydyl-dydlyedylexyanilthe, Hisghamet Achiglpéidyll chan Hrowheated sphenol
the reaction is heated from about 400C to about 1500C

A dfellyidyalengt, blsﬂﬁbﬁbltfedlggcﬁlppéther 1 Aiftgnedibl dighivedyretieed ,4-
of claim4 wherein the acid inhibitor is hydrochlorlc

butaf?‘l%ﬂl 1 W@th%yllfépwc@ HR&hhdimsthiddi 'df‘glﬁqébq efer, glycerol
OT Th

c "aci d e nethod of cl7al m4 wherein the
dlgl%lfigloetﬁert W&orﬁl&o%/ % (}I)%Ed t;hgr %r%4 ?%% ¥l% )@E%lglll]\éngltl? rI]lte
. 1 The od .of clai.m 4 fuyrther conprisi
blS@ﬁl&qlrﬁgp@m@flh&?|dé§1y<edm1&ﬁ%e4lme&amg s il raancishsigtco!
13 wherein the ethylenic nononmer is selected fromthe

diglyeiguketeeynerostinated edopartyhglyegl|daghy¢idyl ether, diglycidyl ether-
N- et hyl met hacryl am de, N-vinyl pyrrolidinone, N-vinyl

ternaaged palgtdamethyBilbaarcy, paij(cbplcopylycol) digtydigit @thepni um

chl ori de and
poly(propyleneglycol) diglycidyl ether, 1,2,3-propanetriol glycidyl ether, 1,3-butanediol
diglycidyl ether, tris(2,3-epoxypropyl)isocyanurate, trimethylolpropane triglycidyl ether,
tris(4-hydroxyphenyl)methane triglycidyl ether 2,6-tolylene diisocyanate, tris(4-
hydroxyphenyl)methane triglycidyl ether, glycerol propoxylate triglycidyl ether and
trimethylolethane triglycidyl ether.
10. The method of claim 4 wherein the reaction is heated from about 40°C to about
150°C from about 1 minute to about 2 hours.
11. The method of claim 4 wherein the acid inhibitor is hydrochloric acid, methane
sulfonic acid, sulfuric acid or phosphoric acid.
12. The method of claim 4 wherein the ratio of the moles of tertiary amine per
equivalent mole of the polyepoxide is from about 0.3 to about 1.5.
13. The method of claim 4 further comprising adding an ethylenic monomer.

14.  The method of claim 13 wherein the ethylenic monomer is selected from the

group consisting of methacrylamine, N-methylmethacrylamide, N-vinyl pyrrolidinone,
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trimet hyl ammoni unmet hyl met hacryl ate chloride. 15. An

i on exchange material conprising an ani on exchange
w@olaeoshavi ng the fornul a: wherein R is -[ CHCT/US2008/079900

2-CH(OH)]2-W R is hydrogen or a G -G 2 al kyl group;

ais fromabout 0 to about 0.75, b and c are each

i ndependently, from about 0.25 to about 1.0; Zis

en or R3 is h
N- Vl%ﬁﬂpz?lﬁ%%metbﬁcaﬁadmﬂogoayélﬂg&mlamwa% B o
n@% X is selected fromthe group consisting of
trimgjhy lqgpmoniumethyt Beteeryapg iorder i dgi ng group or atom m
is an integer fromO to 20; n is an integer from1l to
15. 20;Amma cXchags elagaiad dorhplrjxsing heagpoapchaogspayinaghaying the
wherein R, R and R are each, independently, selected
forthilem t he group consi sting of hydrogen, -[CH 2]qg-CH3
and -CH(CH 3)2; Ris -[CH2]P;, pis a nunber from3 to
6 and rjs a nunber fromO to 3. Rl6. The anion
exchang poI yrrer of clai m 15 vvherel n R is nmethyl or

eth %@ %u C - 3Cal kyl ether
gr oup, romatrc gr ou Oar mati c et her

grou a sidjoxane, mis n |nt rom O to 10 and
nis anYl nteger from1l to 10. 17C'—T-W ani on exchange

pol ymer of claim 15 wherein a is (fromabout 0.25 to
0.50. 18. A nethod for mmking an 4 on exchange nateri al
conprising reacting a tertiary
Ro
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wherein R is -[CH,-CH(OH)],-W; R; is hydrogen or a C;-C); alkyl group; a is from
about 0 to about 0.75, b and ¢ are each independently, from about 0.25 to about 1.0; Z is
oxygen or N-R3; R, is -[CH;]s-; R3 is hydrogen or —-[CH;]m-CH3; R4 and Rs are each,

independently, —-[CH;]n,-CHj3; X is selected from the group consisting of Cl, Br, I and
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am ne, an acid inhibitor and a pol yepoxide to forma

guat ernary ammoni um nononer and pol ynmeri zing the
WQo@berI82 y anmoni um nononmer in the presence oPCHUS2008/079900

catalyst. 19. The nethod of claim 18 wherein the

tertiary amne is an ethylenic tertiary am ne. 20. The

nmet hod of claim 19 wherein the tertiary amne is

aceta‘tem%f qa‘ﬂdgmﬁo mjgtrgﬁlg, r ouﬁ]agl? € %éﬁt{ttlage% frorn 0 to 20; n is an integer from
di met hyl am nopr opyl acryl am de,
1 toa%ewrﬁawthdommm HRUP yoRsHitie of
di met hyl am noet hyl net hacryl ate and m xtures thereof. 2
The net hod| of claim 20 wherein the tertiary am ne
nomer is diethylani nopropyl met hacryl am de. 22. The
of cl anm3E8Rgherein the pol yepoxide is a
iglycidyl ether or a triglycidyl ethér. 23. The
thod of claim22wherein the pol yeppxide is sel ected
Nronrthe grou consrstlng of dlethybéne gl yco
gly0|dyl E di gl yci dyl \\\|
?cyqlohexd%edlcarboxmhate C 0,
N,N-drglycrdyl 4- gl yci dyl oxyani | i ne, bisphenol A
whedléifi IRy CRgé’ﬂd Rf {8 kach [Iﬁl ArleREy RERPRE ﬁ%hl e %r(ﬁipyd'éhﬁmﬂmg of
et her i sphenol F dlg yC|d et her, 4 butaned|o

hyd%kghyitﬁghexﬁngrwe(ha g?ﬁﬁg%#%g* %Qgpé?andqis
crd t her, resorcrnol dlglycrdyl ether
anTW %?k

‘dyl oxy) phenyl ] net hane,
16. The anion exchange polymer of claim 15 wherein R; is methyl or ethyl, W is a

C1-Cy alkyl group, C;-Cs alkyl ether group, Cs-Cso aromatic group, Cs-Cso aromatic
ether group or a siloxane, m is an integer from 0 to 10 and n is an integer from 1 to 10.
17.  The anion exchange polymer of claim 15 wherein a is from about 0.25 to 0.50.
18. A method for making an ion exchange material 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.
19. The method of claim 18 wherein the tertiary amine is an ethylenic tertiary amine.
20. The method of claim 19 wherein the tertiary amine is selected from the group
consisting of dimethylaminopropylmethacrylamide, dimethylaminopropylacrylamide,
diethylaminopropylmethacrylamide, dimethylaminoethylmethacrylate and mixtures
thereof.

21. The method of claim 20 wherein the tertiary amine monomer is

dimethylaminopropylmethacrylamide.

24



bi sphenol A propoxyl ate diglycidyl ether, diner acid
di gl ycidyl ester, ethylene glycol diglycidyl ether,
wheeormsred neopentyl glycol diglycidyl ether,PCT/US2008/079900
di gl yci dyl etherterm nated pol y(di net hyl sil oxane),
pol y(et hyl ene glycol) diglycidyl ether,
pol y( propyl enegl ycol ) diglycidyl ether,
1,2, 3-pr netr.io cidyl ether, 1,3-butanedi
2. i aRehhe el s Rt e oib oot aiie s
_trimethyl ol propane triglycidyl ether,
trighyeidy} #bety dr oxyphenyl ) net hane tri gl yci dyl et her
2,6-tolylene diisocyanate, tris(4-
23. hy ditexyghehyf Jlanet Pawbkerem tgt polydydxidd lseelectgll yroer the group
propoxyl ate triglycidyl ether and trinethyl ol et hane

conéiktirg ofdiéhylers Hotol dycidiieting! dighchiyl €Rajydloh8xanbeic &ibbxylate,
the reaction is heated from about 400C to about 1500C

N,I\% i%gcggl‘rf’#a%lgc\}ﬁgak?a%iﬁ&, 91@1%&1 IZAQQ%Ptéig?fl?éherTﬁ%nf%wF%henol

reln the acid i nhi I's hydroch

aci d t hane, sul foni o sulfuric .aci,d.or.
A oY TE WGt TR B0 oS ala R i e 14
the ratio. of the noles of tertiary amne, per
butsgicyl diebividihainer. o sy sl A Ydrheiss sl
_to about 1.5. 27. The method of claim 18 further
diglyeidpl dthirnegserdiiohdighieidyl bk bistd-(@rnodeloxP@henphimatianiod
of claim 27 wherein the ethylenic nononer is selected
bisphenoshA pepgxdute diginadgltdting, difneredit dogyiydidyticnter, cthylene glycol
N- et hyl met hacryl am de, N-vinyl pyrrolidinone,
diglycidyl ether, brominated neopentyl glycol diglycidyl ether, diglycidyl ether-
terminated poly(dimethylsiloxane), poly(ethylene glycol) diglycidyl ether,
poly(propyleneglycol) diglycidyl ether, 1,2,3-propanetriol glycidyl ether, 1,3-butanediol
diglycidyl ether, tris(2,3-epoxypropyl)isocyanurate, trimethylolpropane triglycidyl ether,
tris(4-hydroxyphenyl)methane triglycidyl ether 2,6-tolylene diisocyanate, tris(4-
hydroxyphenyl)methane triglycidyl ether, glycerol propoxylate triglycidyl ether and
trimethylolethane triglycidyl ether.
24.  The method of claim 18 wherein the reaction is heated from about 40°C to about
150°C from about 1 minute to about 2 hours.
25. The method of claim 18 wherein the acid inhibitor is hydrochloric acid, methane
sulfonic acid, sulfuric acid or phosphoric acid.
26. The method of claim 18 wherein the ratio of the moles of tertiary amine per

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

27. The method of claim 18 further comprising adding an ethylenic monomer.
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N-vi nyl caprol actam nethacryl am dopr opyl

tri met hyl ammoni um chl ori de and tri nmet hyl anmoni unet hyl
woreiobarigt ate chl ori de. 29. The ion exchange neCEUB208/079900

of claim 15 wherein the ion exchange material is an

ani on exchange nenbr ane.

28. The method of claim 27 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 chloride.

29. The ion exchange material of claim 15 wherein the ion exchange material is an

anion exchange membrane.
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