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(54) Title: ION EXCHANGE MEMBRANE \/

(57) Abstract .
100

The present invention provides an ion
exchange membrane having a porous poly-
meric support grafted with an organic moi-
ety to which is covalently bonded at least
one ion exchange group, and methods for
preparing the ion exchange membrane. A
method for treating a fluid containing ions
wherein fons are removed by contacting the
fluid with an ion exchange membrane of the
present invention is also provided. In ad-
dition, the present invention provides a fil-
tration apparatus for removing ions from a
fluid, which filtration apparatus utilizes an
jon exchange membrane of the present in-
vention.
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removal . TheVPeMBIH! of ions is | nportant in many 30 industrrgglysgs’éﬁ78as
the mcroelectronics industry, where ion contamnants in very smal
concentrations can adversely affect the performance and fabrication of

m crochi ps. For exanple, the ability to prepare positive and negative

photoresists with ultra IOM/Ier /gggggﬁéﬁ ﬁéMBkgﬁEcontan1nants, wi t hout

requiring the addition of
PCT/ US98/ 16978 2 chemi cal reagents is hi ghly desirable in

m crolithography. Further, the %‘?ﬁ@ﬁ& jpni ¢ and cationic
I mpurities to provide uItra hlgh purlty wat er or exanple, is highly

desirabl e in dei orﬂfl@@&mterlrpmnﬁmqmm‘eimteﬁsra iamatiem exXclhange, and
removal of i QG GO aanaﬂngéﬁl&&é) rg@%{aapﬁtﬁg @AJ‘é:onpﬁ%ét p&SentVii | e
ange ne

fl uoropol yneric cat]on exc are w d&% used "as pernselectlve
el ect r ocheni cla}vqsetrﬂrqrerfs}an%lmliaet% drudretdie S4lng thke riQw) i d

honpgeneous Jéi:clﬁﬂgé?tm&n&n?&}ié ItV e ﬁld@ﬁs%cra@ﬁ&vém a@ndrane make them
unsui tabl e as_| f||trat|on devices. In partlcular fkggnﬁgolynerlc cation

exchange mentf Lok RRRARGAIOGARY I iR dhS 1 &re consi dered
nonpor ous andmmﬂrdnd.no appreciable fluid fIOM/rate 15 therethrough
t her eby isndering such nenbranes unsuitable

BACKGROUND OF ’I’H.E INVENTION

Ion exchange membranes are used in a variety of
applications. Cation exchange membranes, for example,
have become increasingly significant, primarily due to

15 their application in electrochemical cells in chlor-
alkali production. For example, fluoropolymeric cation
exchange membranes, such as NAFION® (DuPont), have enjoyed
widespread development as barriers separating the anode
and cathode compartments of electrolytic cells used in

20 the production of chlorine and caustic. The success of
fluoropolymeric cation membranes in chlor-alkali
production is attributed to the ability of the membranes
to allow selective permeation of sodium ions in NacCl
solutions while rejecting chloride ions, resulting in

25 cleaner caustic solutions having substantially lower salt
content.

In addition to functioning as an ion barrier, ion
exchange membranes provide an attractive means for ion
removal. The removal of ions is important in many

30 industries, such as the microelectronics industry, where
ion contaminants in very small concentrations can
adversely affect the performance and fabrication of
microchips. For example, the ability to prepare positive
and negative photoresists with ultra low levels of metal

35 ion contaminants, without requiring the addition of
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for filtration applications. Further, fluoropolymeric menbranes tend to be
I nconpati bl \ arious organic solvents due to swelling Qquhﬁﬁ h||ty.
Simlarly, ﬁgﬁﬁ@aygpes of ion exchange,nmenbranes and i on exchange égﬂ.
resins are limted in their applicabilTty inionic filtration applications
due to low fluid flux, organic solvent instability, and [ow ion exchange
capacity. Further, porous media to which are applied ion exchange resins
for the re : iq_xésagt%y% S tl’ﬁﬁ}ﬂl i gl @ty ons.  Such ion
exchange ne i,amalgea]] imted by tiht% clhar ctde%r%lsta: cs and extent of the ion

C . ) .
exchange redtfxs ithognamate dfunthempordies ahidiidy 140 gamaveulaniondte ion
exchange reagid (at iorEiss eiighatitidd Md ¢hdvil dlROIBGH esimitspr face area,

and, therefaor a large port.ion of .30, unexpased .resin |s, unused and does
ot part1 of R Site SETRLn dy S e QL RS, dt ASRSTRARA ol | y

di scret e5(r atdterr tphant fcre 4 inmu exa Ihoradgiere @fs )ompiosd b iaomd rrgprmfva:c]omhf
exchange resjs: qgg] qﬂﬁ ud if'qgn; o) of the

por ous nedi Zidr%’[copr}:ar |c“|B§{a‘.=' I ng n‘iaiﬂr%-ﬁé\ ec'lteglr?iexc adr?g p%%%:leogzs." As a
resul t, such ion WhilgD lgipopsilymeric cation exchange membranes are

PCT/ US98/ 169788 X a0 Fsthis et thivie ROUCHIRSIRIMRNEE K% erd OH

ki netic properties). _ , )
P l)causticg production processes, their solid homogeneous

10 structure and low fluid flux across the membrane make
them unsuitable as ion filtration devices. 1In
particular, fluoropolymeric cation exchange membranes,
such as NAFION® (DuPont), generally are considered
nonporous and exhibit no appreciable fluid flow rate

15 therethrough, thereby rendering such membranes unsuitable
for filtration applications. Further, fluoropolymeric
membranes tend to be incompatible with various organic
solvents due to swelling and instability. Similarly,
other types of ion exchange membranes and ion exchange

20 resins are limited in their applicability in ionic
filtration applications due to low fluid flux, organic
solvent instability, and low ion exchange capacity.

Further, porous media to which are applied ion
exchange resins for the removal of ions have substantial

25 limitations. Such ion exchange media are limited by the
characteristics and extent of the ion exchange resin on
the surface of the porous media. In particular, the ion
exchange reaction is essentially limited to the exposed
resin surface area, and, therefore, a large portion of

30 unexposed resin is unused and does not participate in the
ion exchange process. Moreover, the generally discrete
(rather than continuous or homogeneous) positioning of
ion exchange resins on the porous media leads to
significant areas of the porous media not participating

35 in the ion exchange process. As a result, such ion



Thus, there WRA%0809% need for an ion exchange nenbrane havi ngPRFSYIH™8
exchange capacity, stability in 5 a varBety of solvents, particularly
organi c solvents, and a fluid flux suitable for application in filtration.
Moreover, there exists a need for materials and net hods which enabl e the

renoval of trace heavy netal ions, fromorganjic and aqkleous sol vent s.
Further, thereXeh3drge Bedin ewetbitoPoRY P¢5F QraRACHelBods WAPER enabl e t he

removal - of traceetdigregeteiesints fromorganic solvents, particularly
phot oresi st sol vents Thﬁ,}g eseng |nvent|%£ rovi des _such En I on exchange
0

nmenbr ane and assocT]%H%d FodRX1 4R 2 RERF ot er2Bbf 8Lt SXGRAPHE present 15
i nvention w Irherh@rm@amaeﬁiné roigh homledachange esapapitpn stabbdipyeiarred

enbodlnen%s of the |nven$ set, forth bel R(EE ;%%@M%g’ﬁg HE

| NVENTI ON®20 SRRt o RITRECYIRT thEREE ndnd
having a poromsfhmi@n:élmxesmlpmble gf@ft@é]md:mta:noxgaﬁlttmteoy havi ngagte
| east one i onygxehange t%é’i’é) %9 ﬂ&% ngeé) g NESH &Q@éﬂ&lsTQﬁdpﬁSEﬁ%S

i nvention al so provides_a preparing an 10n_exc menbr ane
wherein a poresChoeyaple ctb%plp@wv&l% ebntrreedneAYy wmetabaiengnéremgani c

monomer, Wwhi chy.d &ﬁ@e&h@r@&&@&é%&f@eﬂ?@éouw@ﬁtugﬁﬂehéyapekascé\t | east

one. ion exchan e gé I S"subsequently introduced and_ coval ently bonded to
t he graf t€d d?@%% Bdmﬂﬁ?é%?l?oa?#dW¢HQ°§$ﬁ%?bﬁg %B??H%rFEesHﬁBBVP grafted
with of trace ionic contaminants from organic solvents,

particularly photoresist solvents. The present invention
provides'such'an ion exchange membrane and associated
methods. These and other objects of the present

15 invention will be apparent from the detailed description
of the preferred embodiments of the invention set forth
below.

BRIEF SUMMARY OF THE INVENTION
20 The present invention provides an ion exchange
membrane having a porous polymeric support grafted with
an organic moiety having at least one ion exchange group
covalently bonded thereto.
The present invention also provides a method for
25 preparing an ion exchange membrane wherein a porous
polymeric support is contacted with at least one organic
monomer, which is then grafted to the porous polymeric
support. At least one ion exchange group is subsequently
introduced and covalently bonded to the grafted organic
30 moiety to provide a porous polymeric support grafted with
an organic moiety having at least one ion exchange group.
The present invention further provides a method for
preparing an ion exchange membrane wherein a porous
polymeric support is contacted with at least one organlc
35 monomer bearing at least one ion exchange group '




an organic noi ety having at |east one ion exchange group. The present

i nvention fygbhgdeePr ovi des a method for preparing an ion exebgiragsARAPr ane
wherein a porous polyneric support is gontacted with at |east one organic

35 nononer bearing at | east one ion exchange group WO 99/ 09091 _
PCT/ US98/ 16978 4 coval ently bonded thereto. The organi c nononer is then
grafted to the porous polyneric support, thereby providing a porous

pol ymeri ¢ SypRahlerd: tb%'de!a RhaR-eRbganiThe TRt i R oAl i8athee i 0n
exchange group 5 coval ently bonded thereto. The present invention provides
a method foldafd®s v@ &1\ PoFousn PHLNTEE Lico FIPRETei Feg®PYar e renpoved by

contacting igievilding W Pordud PRIy SubpditareaEh dheiphe sent

i nvention. In addition, thzlgpesen inve%tion 10 proxgdes afiltration
appar at us f SIS MR SBhLFER 25 TeaFt PRSUMOPhFHERAERI] F5°H: having a
| ower i 0B cawelieratliyomhonbesl fthetredic.on apparatus of the present invention

Solvents to proviths ahgaet drvRst T Bleks o HelHIE 0" L
concent r at i ensflofid eeint adavimgniiomst whekedf illomsateinen reyevesd by has a filter
uni t whi ch Wdrd Z8S R drl AXGRPRIAE HTRIPiMFE change membrane of the

present invention. In addition, the present invention
10 provides a filtration apparatus for removing ions from a
fluid, resulting in a filtrate having a lower ion |
concentration. The filtration apparatus of the present
invention is useful for removing trace ion contaminants
from organic and agqueous solvents to provide ultra high
15 purity solvents with extremely low concentrations of
ionic contaminants. The filtration apparatus has a
filter unit which utilizes an ion exchange wmembrane of
the present invention and a means for passing the fluid
through the filter unit.
20 '
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graphical depiction of the
breakthrough curve ([Effluent]/[Influent]% versus Total
Challenged Na(ug))for an ion exchange membrane of the
25 present invention in a Na-spiked ethyl lactate solution.
Figure 2 is a graphical depiction comparing actual
and calculated Na ion removal profiles
([Effluent]/[Influent]% versus Total Challenged Na (ug))
of different layer systems of ion exchange membranes of
30 the present invention. _
Figure 3 is a graphical depiction of the metal ion
removal performance ([Effluent]/[Influent]% versus Total

Challenged Na{ug)) of an ion exchange membrane of the



the present MRYWM¥n and a neans for passing the fluid throuffRTUSE 697} r
unit. 20 BRI EF. DESCRI PTI ON OF THE DRAW &GS Figure 1 is a graphi cal
depiction of the breakthrough curve ([Effluent]/[Influent] % versus Tot al
Chal l enged Na ([err]g))for an ion exchange mnenbrane of the 25 pr esent

invention in a Na-spiked ethyl |lactate solution. Figure araphlcal
depi ction conPEESRRL atRYRRt 1) %%I%9@E§€ﬁdhﬁ?FBnar§ﬁ%W§P BFEF#F

([Effluent]/[(pilvendidorsE so8) Taéalukhal | enged Na([err]g)) of different
| ayer systens of ion exchange nenbranes of 30 the present invention.

Figure 3 is a graphical depiction of the netal ion renoval performance
([Effluent]/[lanuent]@tm&m&uEDT@EsbREmmIbmn@@dIEE(Emmmigmx»bf an ion

h nmb f th .
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The present '\Q:Y@{?téﬂn??é%{ ﬁogﬁtgo{:‘o%ﬁﬂéﬂg.@sn@@é V\E %9”BBhaéaga€ porous

pol yneric su gra rgani ¢ noi ety t is covalently
bonded at east one ion exchange group. The organic moiety

preferably is uniformly grafted throughout the entire

10 surface of the porous polymefic support (including the
interior surfaces of the pores, e.g., the interior
surface of the porous matrix). Thus, the surface area
and the accessibility of the ion exchange groups (e.g.,
to ions in a fluid) is enhanced by the homogeneous

15 distribution of the ion exchange groups throughout the
ion exchange membrane surface. Per unit of mass, the
present inventive ion exchange membrane has an ion
exchange capacity which can dramatically outperform
analogous ion exchange media derived from ion exchange

20 resins.

In the ion exchange membrane of the present
invéntion, the organic moiety possesses (e.g., is
substituted with) at least one ion exchange group
attached to the organic moiety by a covalent bond. A

25 suitable ion exchange group is any functional group, any
combination of functional'groups, or any derivative
thereof, having an affinity for ions. Preferably, the
ion exchange group is capable of forming an ionic bond.
with ions contained in a suitable fluid medium to be

30 treated with the membrane of the présent invention. The
ion exchange group can be a cation exchange group, such
as, for example, a sulfonic acid, a carboxylic acid, a
phosphonic acid, a boronic acid, or any suitable
derivative, including salts thereof, having an affinity

35 for ions. Alternatively, the ion exchange group can be




| east one ion exchange group. The organic noiety preferably is uniformy

grafted thr@epidpugert he entire 10 surface of the porous pol ys@fusesad@mor t
(including the interior surfaces of th§ pores, e.g., the interior surface
e

of the porous matrix). Thus, the surfaCe area and the accessibility of the
I on exchange groups (e.g., toions in a fluid) is enhanced by the
honogeneous 15 distribution of the ion exchange groups throughout the ion

exchange nmenbs afei Sul’ R andE gt gicmvé@, f&e SELRHSIE, i Aventive ion
exchange nmenbrane has an ion, exchange ca whi ch cap dramatically

out per f or m aWAR CHERRTY o%rnw&ﬁ%g%a%%d. Frnk ¥r drRE oFPRXEN 0
resins. In tdgeohpniexshadgioieeRddeg®ig ﬁ pé@ﬁ@éﬁednﬂﬁéﬁ\lﬁne gheupr gani c
noi ety possesses, é ﬁ%g bﬁ%ltuted | easi. one ion exchange
group at t ach®PEHSY d?%aﬁlﬁu PRt 184 \Eﬂ¥9ﬁx h9.2%95 suitable ion
exchange 5gr ospitsbhaysdlnst tiepdof) caupd sunytalnbdi det i weat bires uthéreohl
groups, or a I vatkve ther avi n LNt r_i .. Preferably,
the ion exchg%gggéréﬁ%f?gr%g.%ﬁ?%g%WeQ%T%§ %P§§§+%$i%c%én%£§#$hlgons
cont ai ned i ncavalenby eodhded h@dthenimntmrgﬁni¢emmtﬁtywtWhihh enbrane of

the present gPé{E?éaOE‘o Jﬂ?ebBPoﬁé(%@ir}%e aCI Pe ayﬁaéhSth%Change

group, such Fboxylic acl
phosphoni ¢ aérﬁfeér%@r%mb@dbm¢@t o? %N@f@m4¢a%¢%ﬂcﬁﬁ¢wntﬁn@ aj ncl udi ng

sal ts they eokarbex N ac P hPbt¥ovalently bonded to the organic
moiety.

The membrane of the present invention can be a
cation exchange membrane or an anion exchange membrane,
depending on the nature of the ion exchange group. If

15 the organic moiety has a cation exchange group (i.e., an
ion exchange group having an affinity for cations), then
the membrane is a cation exchange membrane. If the
organic moiety has an anion exchange group (i.e., an ion
exchange group having an affinity for anions) such as,

20 for example, a quaternary ammonium salt, then the
membrane is an anion exchangélmembrane.

A combination of cation éxchange groups and anion
exchange groups can be covalently bonded to the organic
moiety of the ion exchange membrane of the present

25 invention. The ion exchange properties of a membrane of
the present invention having both types of ion exchange
groups will generally depend upon which type of ion
exchange group predominates over the other. For example,
an ion exchange membrane of the present invention,

30 wherein the ratio of sulfonic acid groups to
trimethylammonium groups is about two to one, will
typically have the properties of a cation exchange
membrane.

It will be appreciated that the present invention

35 also embodies single-layer and multiple-layer, e.g.,



35 for ions’ °9M°?(anat|vel y, the ion exchange group can be FCYB¥EFBoo1
PCT/ US98/ 16978 6 an ani on exchange group such as, for exanple, a quaternary
anmoni um salt. Preferably, the ion exchange group is a cation exchange
group selected fromthe group consisting of a sulfonic acid, a carboxylic

acid, 5 suitable salts t of Ssuita derivatives thereof. I.n one
preferred entFPETSMPOSSE &}‘ﬁﬁrﬁﬁ;ed aé’ej?'o%i"? MRAREH ISP Cabri‘&‘@% $a%e ion
or gflﬂr C noi fetay,pomh:uﬁl pﬂ}graﬂ‘ﬂce(kuppdﬁmgnuﬂnmi il e (ms_j,q:tmno tmo:rleriy :
anot her preferre [0 ic
acid are covale q'11crf§ondé:d’vt‘?'zl e orgzjdcedarml e]tqe SL{-‘?he rre r%aene %{%{
present i nvegxoowp carThﬁe rungdety of e;nd:amb:ailerﬁﬁmms mararbeamrmrmnge
menbr ane, 5 dSRANG:AL, 1 artaéxurlerpfeféied@er @agémgg&i%]&e&%éﬁd

r?e‘nmcaﬁes

organi c npiety Has a cation exchange grou xchang roup
havi ng an af fd tRﬁIftdrC‘-@étﬁ ey e e §rs @%a‘tﬂ%@&@%nge

nmenbrane. |f 1Ry GRS I{HH Hey/ 1'&311:%!!:3@.”'1@1" phed e ﬂ%ﬁérﬁic&l an ' on

exchange groEﬁHa$V|Q%%an af finit for S%ﬁgf) such as, 20 for

quaternary a For, &% lavgr aﬁ%%?%m r ane.
four identical layers of sulfonic acid ion exchange media

10 (e.g., membrane layers) or two pairs of alternating
sulfonic acid and carboxylic acid ion exchange membranes.

The ion exchange membrane of the present invention
is particularly useful for removing ion contaminants from
organic and/or aqueous liquids to provide ultra high

15 purity liquids which are virtually free of ionic
contaminants.

The porous polymeric support can be any suitable
porous membrane, which can be structurally amorphous,
crystalline, or any suitable morphologic combination

20 thereof. The porous polymeric support can be made of any
suitable polymer such as, for example, polyolefins
(including fluorinated polyolefins), polyamides,
polyacrylates, polyesters, nylons, polysulfones (PS),
polyethersulfones (PES), celluloses, polycarbonates,

25 single polymers, copolymers, composites, and combinations
thereof. A person of ordinary skill in the art will
appreciate the porous polymeric support can be made of
other suitable polymeric substances that are capable of
being chemically grafted to the organic moiety, to which

30 an ion exchange group is covalently bonded.

Preferably, the porous polymeric support comprises a
polyolefin. Any suitable'polyCIefin can be used in the
porous polymeric support of the present inventive ion
exchange membrane. Suitable polyolefins include, for

35 example, polyethylene, polytetrafluoroethylene (PTFE),




A conbi nation of cation exchange groups and ani on exchange groups can be

coval ently o the organic noiety of the ion exchange f the
present 25 ?ﬁg@ﬁﬁpﬂ The ion exchangespropertles of a menbrane é? §7§
present invention haV|ng both types of i on exchange groups will generally

depend upon which type of ion exchange group predom nates over the other.
For exanple, an ion exchange menbrane of the present invention 30 wherein

the rati 0 ofaﬁ&pﬁg ave&f%%gﬁ&% | (ﬁ;ﬂy)l anppdi exc angjij Wt two

to one, wll € properties of a catlo rane. .
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si ngl e- | ayerp2ngh agd 440 elii@ﬁ’@'hl?’l guolecul\/g} U QR0 ]polyethylene
PCT/U898/16dE 7 superinposed mnul er fllnsdﬁ?erel each Xer has

a porous pol i ¢ Ry s %ﬁt?ﬁiWﬁ%?F o RERe PHhi P
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dependi ng orbt HESRRT ¢ R RISl a0 A8T B o %?@Lgf'ﬁyers
need not be |dentMe.=-m]brame$)mmtczadnmg C\Jrrexds:aihastt rance Lfraergéare]eadalmée
four-layer Syétﬁgiééﬁﬁéfmﬁimgh51ons are considered porous (e.g.,

porous membranes in the context of the present invention

10 can allow molecules to pass therethrough). In porous
membranes, the pores are interconnected, and the polymer
can constitute only a small percentage of the total
volume. Porous membranes are commonly known in the art
and can be obtained commercially or can be prepared by

15 any suitable method. Preparation methods for porous
polymeric membranes include, for example, liquid phase
separation of a polymer solution by cooling, chemical
etching of tracks induced by radiation damage,
coagulation of a polymer solution by a nonsolvent,

20 controlled stretching of a polymer film, and sintering of
fine polymer particles. Of course, such porous membranes
can be reinforced, for example, with fabric (e.g., a
woven fibrous web) or fiber (e.g., a nonwoven fibrous
web) , to provide mechanical rigidity and strength.

25 The pores can be of any suitable size, and the pores
can vary, for example, in their arrangement, uniformity,
symmetry, shape, and texture. The porous polymeric
support membrane can be, for example, a microporous
membrane. The membranes of the present invention have a

30 pore size preferably greater than about 0.01 um (e.g.,
about 0.01-100 pym), more preferably greater than about
0.1 ym (e.g., about 0.1-50 um). However, the ion
exchange membrane of the present invention is not subject
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hollow fibers was directed toward'feverse—osmosis
applications, but now these configurations are used in a
variety of other membrane applications, such as
15 hemodialysis and gas separations.

The organic moiety can be any suitable organic
substance capable of covalently bonding with an ion
exchange group and capable of being attached by a graft
to the porous polymeric support (other than by way of the

20 ion exchange group). It will be appreciated that the
physical and molecular structure of the organic moiety,
which is grafted to the porous polymeric support, can
vary substantially depending on the method, materials,
and conditions employed in the grafting process, as well

25 as post-graft treatment. Furthermore, the grafted
substance can be monomeric, oligomeric, or polymeric
depending on the method, materials, and conditions
employed in the grafting process, as well as in post-
graft treatment conditions. The organic moiety can be

30 formed, for example, by grafting to the porous polymeric
support any suitable organic monomer, a mixture of one or
more different monomers, suitable oligomeric substances,
or any suitable combination thereof, capable of forming a

- graft to the porous polymeric support. Alternatively,
35 the organic moiety can be formed, for example, by
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~While any suitable ofganic moiety can be utilized,

10 the organic moiety preferably is an aryl moiety. The

aryl moiety can encompass one or more aromatic rings.

The term “aromatic ring” as used herein refers to a

carbocyclic or heterocyclic ring or ring system having

“aromaticity” as is commonly known in the chemical arts.

15 The aromatic rings can be the same or different,
substituted or unsubstituted, fused, bonded, cross-linked
or interconnected, symmetrically or unsymmetrically, and

in any combination regardless of order, sequence, or

arrangement. For example, the aryl moiety can comprise a

20 monocyclic aromatic ring such as, for example, a benzene

ring. The aryl moiety also can comprise a fused aromatic

ring such as, for example, a naphthalene, a

benzothiophene, or an anthracene ring. The aryl moiety

also can comprise aromatic ring systems with other

25 arrangements such as, for example, biphenyl, biphenyl
ether, or biphenyl sulfone ring systems. The aromatic

ring of the aryl moiety is not limited to carbocyclic

aromatic rings; rather, the aromatic ring also can be

hetercyclic. For example, the aryl moiety can comprise a

30 heterocyclic aromatic rings such as a thiophene ring, or

a furan ring.

Preferably, the organic moiety comprises an aryl

moiety to which is covalently bonded an ion exchange

group, so as to provide an ion exchange membrane. The
35 ion exchange group, which is desirably covalently bonded
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ion exchange membrane. In yet another preferred
embodiment, the ion exchange membrane of the present
invention comprises an organic moiety which includes an
aryl moiety, to which is covalently bonded an ion

15 exchange group, and a diacid moiety derived from a diacid

monomery of the formula:
R2
R1
. : / OH

A

Formula I,

OH

20 wherein R' or R® are independently H, C,-C¢ alkyl, or
phenyl, and at least one hydrogen atom on the C,-C¢ alkyl
substituent or the phenyl substituent is optionally
substituted with at 1eaét one substituent selected from
the group consisting of F, Cl, Br, I, nitro, cyano, and

25 OH; and n is an integer from 0 to 2; an ester thereof, or
an anhydride thereof. This particular embodiment not
only utilizes the advantageous properties of the ion
exchange group covalently bonded to the aryl moiety, but
further has the advantages of the di-carboxylic acid ion
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10 More preferably, the ion exchange group covalently bonded
to the aromatic ring of the aryl moiety is a sulfonic
acid or a carboxylic acid ion exchange group. Most

preferably the ion exchange group covalently bonded to
the aromatic ring of the aryl wmoiety is a sulfonic acid
15 ion exchange group.

It will be appreciated that the diacid wmoiety, which
is a component of the organic moiety, is grafted to the
porous polymeric support and that the diacid moiety, as
such, does not have the same structure as the ungrafted

20 diacid monomer from which it is derived. It also will be
appreciated that the physical and molecular structure of
the diacid moiety, as it exists when it is grafted to the
porous polymeric support, can vary substantially
depending on the method, materials, and conditions

25 employed in the grafting process, as well as in any post-
graft treatment employed in the overall process. Thus,
as indicated in the structural representation of Formula
I, the double bond of the diacid monomer need not be in
any particular configuration (e.g., E, Z, cis, or trans),

30 'in order to form a graft with the porous polymeric
support.

In the diacid monomer, n is preferably zero (0), in
which case there is no alkyl linker between the double
bond and the carboxylate groups bonded thereto. It is

35 also preferred that one of the positions R' or R? is H.
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of forming a chemical graft to the porous polymeric

support, and grafting the organic monomer to the porous
polymeric support to provide an organic moiety grafted to
the porous polymeric support, wherein either the orgénic
15 monomer comprises an ion exchange group covalently bonded
thereto or an ion exchange group is introduced and
covalently bonded to the organic moiety after it has been
grafted to the porous polymeric support, so as to provide
an ion exchange membrane. Preferably, the organic
20 monomer is an aryl monomer comprising an aromatic ring,
optionally bearing (substituted with) an ion exchange
group covalently bonded thereto. When an aryl monomer is
utilized, the present method of preparing an ion exchange
membrane comprises providing a porous polymeric support,
25 contacting the porous polymeric support with an aryl
monomer comprising an aromatic ring, and grafting the
aryl monomer to the ﬁorous polymeric support to provide
an organic moiety.comprising an aromatic ring, wherein .
desirably either the aryl monomer comprises an aromatic
30 ring bearing an ion exchange group covalently bonded
thereto, or an ion exchange group is introduced and
covalently bonded to an aromataic ring of the organic
moiety grafted to the porous polymeric support, so as to
provide an ion exchange membrane .
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A

n

OH

Formula I,

wherein R' or R’ are independently H, C,-C¢ alkyl, or

10 phenyl, and at least one hydrogen atom on the C,-C¢ alkyl
substituent or the phenyl substituent is optionally
substituted with at least one substituent selected from
the group consisting of F, Cl, Br, I, nitro, cyano, and
OH; and n is an integer from 0 to 2; an ester thereof, or

15 an anhydride thereof; and grafting both the organic

' monomer and the diacid monomer to the porous polymeric
support, wherein either the organic monomer comprises an
ion exchange group covalently bonded thereto or an ion
exchange group is introduced and covalently bonded to the

20 organic moiety derived from the organic monomer, so as to
provide an ion exchange membrane. Preferably, the
organic monomer is an aryl monomer (comprising an
aromatic ring). When aniaryl monomer is used in the
present method of preparing an ion exchange membrane,

25 both the aryl monomer and the diacid monomer are grafted
to the porous polymeric support. In one preferred
embodiment, the aryl monomer comprises an aromatic ring
bearing an ion exchange group éovalently bonded thereto,
so as to provide an ion exchange membrane. In another
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10 porous polymeric support is polyethylene, particularly
ultra high molecular weight polyethylene.

The present method of preparing an ion exchange.
membrane includes grafting one or more different
substances, typically monomers, to the porous polymeric

15 support and, if it is necessary to introduce an ion
exchange group after forming the graft, covalently
bonding an ion exchange group to the organic moiety. As
described herein, when the organic moiety is an aryl
moiety, the aromatic ring thereof desirably either has an

20 ion exchange group covalently bonded thereto prior to
grafting, or the ion exchange group is introduced to the
aromatic ring of the aryl moiety after the aryl monomer
is grafted to the porous polymeric support. Generally,
introduction of the ion exchange group to theée organic

25 moiety in a post-graft step can be carried out in the
presence or in the absence of the diacid moiety (derived
from the diacid monomer), which can be a component of the
organic moiety grafted to the.porous polymeric support.

Thus, in one preferred embodimeht, the organic

30 monomer is an aryl monomer comprising an aromatic ring
bearing at least one ion exchange group covalently bonded
thereto. When the aromatic ring has an ion exchange
group covalently bonded thereto, an additional ion
exchange group need not be introduced to the aromatic

35 ring of the aryl moiety after the aryl monomer is grafted
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support. In the diaci d nonomer, n is prefe y zefo (0), Tn which case
there i s no BRRYI ANNREY1 HEeRREET t PRSIRIBIRI bh R EemREHe EbRGowyFatangr oups

bonded tiereign ékchénge group covalently bonded thereto can be

obtained from commercial sources. For example, aryl
monomers such as styrenesulfonic acid (wherein the ion
exchange group is a sulfonic acid) or vinylbenzoic acid
(wherein the ion exéhange group is a carboxylic acid) are

15 commercially available. Thus, for example, an ultra high
molecular weight polyethylene support can be contacted
with a suitable styrenesulfonic acid solution and treated
under suitable grafting conditions to provide an ultra
high molecular weight-polyethylene support and an aryl

20 moiety (derived from  styrenesulfonic acid) comprising a
benzene ring to which is covalently bonded a sulfonic
acid ion exchange group, wherein the aryl moiety is
grafted to the porous ultra high molecular weight
polyethylene support. Of course, if desired, the

25 aromatic ring of the aryl moiety derived from the aryl
monomer can be further substituted with an additional ion
exchange group, which is the same or different than the
ion exchange group already attached to the aryl monomer,
in order to confer ion'exchange properties to the

30 membrane which may be more suitable in a particular
application. For example, the aromatic ring of the
styrenesulfonic acid-derived aryl moiety can be further
subjected to sulfonation conditions whereby a second (or
perhaps a third) sulfonic acid ion exchange group is

35 introduced to the aromatic ring of the aryl moiety, to
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exchange group) is-grafted to the porous polymeric
support, an ion exchange group is thereafter introduced
and covalently bonded to the aromatic ring of the organic
moiety derived therefrom, so as to provide an ion
15 exchange membrane. Thus, an ion exchange group is
introduced to an aromatic ring of the aryl moeity after
the aryl monomer is grafted to the porous polymeric
support . '
The aryl moiety can be derived from any suitable
20 aryl monomer comprising an aromatic ring. Suitable aryl
monomers can possess a single aromatic ring (e.g., a
benzene ring) or a fused aromatic ring, such as, for
example, a naphthalene, a benzothiophene, or an
anthracene ring. An aryl monomer having fused aromatic
25 rings can include, for example, 2-vinylnaphthalene. The
aryl monomer also can be a monomer capable of reacting by
other mechanistic pathways in addition to being
chemically grafted to the potous polymeric support. For
example, divinylbenzene can undergo crosslinking
30 reactions in addition to forming a graft to the porous
polymeric support. Preferably, the aryl monomer
comprises an unsubstituted aromatic ring, in which case
the ion exchange grocup is introduced to an aromatic ring
of the aryl moiety derived therefrom, after the wmonomer
35 1is grafted to the porous polymeric support. More '
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R’ are H. More preferably, both R' and R? are H; however,
b Yy

other embodiments with respect to combinations of R' and
10 R® such as, for example, those disclosed above, can be
suitably co-grafted to the porous polymeric support along
with the organic monomer, so as to provide an ion
exchange membrane. Still more preferably, n is 0 and
both R' and R’ are H in the diacid monomer. Most
15 preferably, the diacid monomer is maleic acid.

Grafting is the introduction of an organic moiety to
a polymeric matrix (i.e., the porous polymeric support)
via an energy source, which results in the formation of
covalent bonds through which the organic moiety is bonded

20 to the porous polymeric support. Thus, the organic
moiety of the ion exchange membrane of the present
invention is covalently bonded to the porous polymeric
support. The organic moiety can be grafted to the porous
polymeric support by any suitablé means, many of which

25 are known in the art such as, for example, irradiation,
electron beam treatment, pre-irradiation grafting, post-
irradiation grafting, thermal grafting, ultraviolet
radiation, and plasma grafting. Preferably, the grafting
is induced by radiation, more preferably by gamma

30 radiation or by electron beam radiation, most preferably
by gamma radiation. '

A suitable ion exchange group is any functional
group, any combination of functional groups, or any
derivative thereof having an affinity for ions, as

35 described herein. 1In the present method of preparing an



substit ut ed WPPHOMP | ecast one substituent selected fromthe JiCIRS98/16978
consisting of F, d, Br, I, nitro, cyand, and OH, and n is an integer from
O to 2; an ester thereof, or 15 an anhydride thereof; and grafting both the
organi ¢ nononer and the diacid nononmer to the porous polyneric support,
wherein either the organic nononer conprises an ion exchange group

coval ent | y béategxchangeomembaaneonibxéfapyefgroag tharntheddond and

coval ently bgpdgdnge gPsu§0c809@9h61gvbsﬁae&eebveﬂefbeghhhg Rbgar

nononer, sSo as to Provi de” an i on exchange nenbrane f er abl IK(E: organl C
nononer is aﬁeaiyﬁdnSﬁeWtheceﬁgﬁnéFn@oaﬁmaroﬁﬁtPcSPiﬁsplCMHgﬁdaaoary|

mononer is ugRehhfgkhgret senMoﬂBtb@éf@faﬁlﬁpathegsamfbﬁmceé@hanqan

nb 25 both th nd l.aci rafted to
The por oifs pBRGHEREE IARNBr L5 TREERRUGRE oRRCEYBLGREDN: bOPRESAEDY monomer
conpri ses antheoambmatitcngihgaof ngnaarymnmexehgngétgroapsudﬁabeet by:ymnded
h , ' ' h .Ln anat her
Lorhene; = B8nbReR" 24! §8a2Reh°Ro A PAETE B R SA BIRBISE 1o [t cr
enbodi ment, an i oAngxshahgblgr ougansci neactiuondmehliodocahebel prpdoged t o
the aromﬁt'%&' PHePba ﬁé@ Qﬁykﬁg%ﬁéﬁaﬁgérg%{lpf £E8MhNE BNl cTRBIERL). SO as

to prOV|de an i on exchange ne
For example, a cation exchange group (e.g., a sulfonic

acid group) can be introduced to an aromatic ring, such
as, for example, a benzene ring, by electrophillic
chlorosulfonation with chlorosulfonic acid, followed by
aqueous hydrolysis of the resulting sulfonyl chloride.

15 An anion exchange group (e.g., an ammonium salt) can be
introduced to an aromatic ring, such as, for example, a
benzene ring, by nitration of the benzene ring, followed
by reduction to the amine and subsequent quaternization
with an appropriate alkylating agent. For a general

20 description of substitution reactions, see March,
“Advanced Organic Chemistry,” Wiley-Interscience (1985).
Preferably, the ion exchange group is a sulfonic acid
group introduced by a sulfonation reaction.

Typically, introduction of a sulfonic acid ion

25 exchange group to the aromatic ring of an aryl moiety
grafted to the porous polymeric support is accomplished
by subjecting the membrane, after grafting the aryl
monomer thereto, to a sulfonating reagent (e.g., a
chlorosulfonic acid solution) under conditions whereby

30 the aromatic ring of the aryl moiety undergoes
sulfonation, to provide an aromatic sulfonic acid
species.

In the present method of preparing an ion exchange

membrane, the membrane cén be treated to remove

35 contaminants, e.g., washed with high purity water to
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5 Any suitabl e porous polyneric support can be used in the present
nmet hod, i nclwolpsgpodhose descri bed herein, and which are capaptenugbsieorsn ng
a chemcal graft with a suitable organ2@ noiety. Preferably, the porous

pol ynmeric support is a polyolefin. Mre preferably, the 10 porous

pol ymeric support is polyethylene, particularly ultra high nol ecul ar wei ght
pol yet hyl ene. The present: net hod of preparing an ion exchange nenbrane

i ncl udes graktimBgeoBeace BBHEamihhRESN! RERBYFaAE8ShalYRGCRbLKY1898P8ErS, to
t he porous polyneric 15 support. an e essarﬁato I nt rodyce an
I

I d, if it is.n .
i on exchange®§r GAptaPEBARE Sy 'ﬁgh%ﬂﬁlgrQFF%rég%S Q¥ JPBOAERRGORE #Bn
exchange grouwpctoltiibbogtgphi/cwheret yrade dencambadnber ean, behen the organic
noiety is and%E¥kmgBkg&y, the aromatic ring thereof desirably either has an
20 ion exchange~group~coval ently bonded thereto prior to grafting, or the
i on exchamge groufhespiresentiué¢edenbioheiar buatherrdibgeotethtoaayl noiety

after the aryl gRAOERE k%FQEgkgeg EPul ecBﬂEQEﬁiHQ'¥8§%iﬁh§88p9rt' .
General |y, introduction of the”ion exchange group ts the organic 25 noiety
in a post-granclydes cantbetdngrthd luidnwihb pnetencexghanget he absence

of the diaci defBirahk bgethue breftt bavahashi . MOBPEREYapYYi Chpgan be a

conponent of the qrgani¢c noiety grafted to_the porous polynmeric support.

Thus, in one™fEBPEr ABYONEEIFRBAVINghEOBEgARPE 30flnbAoReRtRENARTar Y|
NDNoONEr T®NPhibaksHgmdBtapeslkirablyNBybgaskifgathbeashi @NEnt-8igRXEAange group
coval ently bgggegxchange membrane of the present invehtion. The
method of the present invention can be applied toward the
removal of positively charged ions (e.g., sodium,
magnesium, aluminum) and/or negatively charged ions (e.qg,
15. chloride, sulfate, nitrate) from a fluid. Desirably, the
method of the present invention can be applied toward the
removal of metal ions from a fluid containing metal ions,
to provide a fluid with lower metal ion concentration.
The present inventive method of treafing a fluid is well.
20 suited for treating both organic and aqueous fluids,
e.g., to remove ions from the fluids. For example, the
present method of treating a fluid cohtaining ions can be
applied toward the treatment of organic solvents such as,
for example, ethyl lactate or methanol. Moreover, the
25 present method of treating a fluid can be applied toward
the treatment of ion-containing organic solutions
comprising an organic solvent and an organic solute, for
example, organic solvent/organic resin solutions such as
a methanolic organic resin solution. In addition, the
30 present inventive method can effectively remove ions from
organic photoresist solvents and solutions.
Alternatively, the present method is equally well-suited
for the removal of ions from an aqueous liquid (e.g.,
dilute aqueous HF), as well as solutions comprising a
35 mixture of organic and aqueous solvents.



t hereto. Wen (H%og%grlorratlc ri ng has anc?l}gn exchange group congT/l{Sf's’mth)nded

thereto, an additional ion exchange gr need not be introduced to the
aromatic 35 ring of the aryl noiety after the aryl nononer is grafted
WD 99/ 09091 ' PCT/ US98/ 16978 16 to the

porous polyneric %FEB rmnorrer r| 5| n e} change. group,
coval ently bonded q{lab roma 5955 Sct "f:ar{“eg:é"%cgt%ﬂzl(
commer ci al s@rfde@d)mdnpmﬁmQQMMMa kﬁiowrd igonteiing aidns Reith

exanpl e, an igp rg WA e &y][tt}{bﬁgi %a& '1%;&9&6&9

covalently bonded) to an omatic ring o nononer , tgo t he
aromatic %II né”?ﬂ“’%ieprae Wit ha edrmré?oncantm?etmmer harmne an aryl

NONONEr PYSS QR MG A JnBRtinterd,NGEhHe tﬂi:e%”érﬂtp 1t REh X aRgeh SH OUp
coval ently bonded .t hereto can .be ‘obt ai ned .f r om comer ¢j al sources. For

exanpl e, aryICBFIASSs ARG B iR & PHHER 4 the ion
exchange gromﬂc&erﬂ:mﬂﬁmidf aticlt @. s\/ippnl bﬁrtz-olmeaenéink{ﬂ&t% eaf dhe 1 on

exchange gro ' i c.acid) _ar rC| avai | abl e. Thus,
for exanpl e, lf%réstsjelnt %{1 3é‘m) eté%ulpg)ov egt?t %&n;\r/% r‘% t can be
contacted w tqumlegmltaé:moel stegsetdeul faboiut feid mm,utpm‘fefmcb]ty’ ebdsesl under
sui tabl e1§r aftiahA0 HRF 10.ANSP F YA " & another preferred

embodiment, the present inventive method comprises
contacting the membrane of the present invention with a
fluid having a sodium ion concentration of about 8.4 ppm
and an iron ion concentration of about 7.3 ppm, to
15 provide a fluid having a sodium concentration less than
about 0.1 ppm and an iron concentration less than about
0.2 ppm. In another preferred embodiment, the present
inventive method comprises contacting the membrane of the
pPresent invention with a fluid having sodium and copper
20 ion concentrations of about 0.9 ppm, to provide a fluid
having sodium and copper ion concentrations less than
about 0.09 ppm. In a highly preferred embodiment, the
present inventive method comprises contacting the
membrane of the present invention with a fluid having a
25 metal ion concentration from about 900 ppb to about 0.2
bbp to provide a fiuid having a metal ion concentration
less than about 9 ppb, preferably less than about 1 PpPb,
more preferably less than about 0.1 ppb.
The present invention further provides a filtration
30 apparatus for removing ions from a fluid, which can be
used in the present inventive method of treating fluids.
The apparatus includes a filter unit and a means for
passing the fluid through the filter unit. Optiocnally,
the filtration apparatus of the present invention further
35 includes a means for recovering the filtrate. The filter
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hi gh nol ecul ar wei ght pol yethyl ene support and an aryl 20 noiety (derived
from styrenesul fonic acid) conprising a benzene ring to V\/n r's]§811697

coval ent | y“ffb??éﬂgf? a sulfonic acid |o; exchange group, vvherel At 8]
noiety is grafted to the porous ultr igh nol ecul ar wei ght pol yet hyI ene
support. O course, if desired, the 25 aromatic ring of the aryl noiety
derived fromthe aryl nononer can be further substituted wth an additional

i on exchang rLoun ich_is.the | t _th t exchange
group al reaS‘Sl/-‘ att: acl%\g%etsoat%éoélr e?(% %ﬁer em’%%‘?‘lderE t%%ecg& erQll on exchange
properties tavensign. nﬁ’mlfgnr@blm.chhnaﬁlﬁérnﬁmnsa-ppmwsn05 pd&et i cul ar

appl i cati on o, Eeler®X aRLSe 1HA° AEAUYE & FiBeS uhlte HhiiBAeSUIdRIh

aci d-derived aryl noiety can ufther subjected to sulfonation_conditions

wher eby a s&XSHETGS ape as desgriberds B‘GF@J@CI dMoge BXEREFGEIFroup is
35 intreducesk tﬂiltt&%tab‘?ﬂ&b;ﬁrra'tﬂ@ ehplbysany filRieet inito havihg Rr ovi de an

oo o ¢ B Rl L L O Rt ULl g O cxehangs, OTous
nore t han orxdhamgeX ghrange igr eupulfonie acddagroup lagxd/vlwkn.dl'hasaryl 5
Moi ety COMPId Rl td VRO HCHEctri N TS fedl TUER RS nA-idPHAGH ene ring.
organic solvents and solutions, providing solvents or
10 solutions with extremely low concentrations of metal
ions, or which are virtually free of metal ions. 1In a
preferred embodiment, the filter urnit utilizes a cation
exchange membrane comprising a porous polymeric support
and an aryl moiety comprising an aromatic ring to which
15 1is covalently bonded an ion exchange group, wherein the
aryl moiety is grafted to the porous polymeric support.
In another preferred embodiment, the filtration apparatus
of the present invention utilizes a cation exchange
membrane comprising a porous pdlymeric support and an
20 organic moiety which includes an aryl moiety comprising
an aromatic ring to which is covalently bonded an ion
exchange group, and a diacid moiety derived from a
monomer of Formula I; wherein the aryl moiety and the
diacid moiety are grafted to the porous polymeric
25 support, as described herein.
The following examples further 111ustrate the
present invention but, of course, should not be construed
as in any way limiting its scope.

30 EXAMPLE 1
This example describes a method for preparing a
cation exchange membrane of the present invention by
providing a porous ultra high molecular weight
polyethylene support, contacting it with a styrene

35 monomer, grafting the styrene monomer to the support via



I n an anot héYOB?’@”_%lrred enbodi nent, thg organi c nononer is arrcgf‘fﬁgs/rlr%gﬂgrrer
conprising an aromatic ring which doesZhot have an ion exchange group

covalently 10 bonded thereto. After the aryl nononer (lacking an ion
exchange group) is grafted to the porous polyneric support, an ion exchange

group is thereafter introduced apd coval ent I% bonded to the.grorr@tic ring
of the organi@W SBAIRIMa e St UEPHE (P prFA UL A | BRI
excnange nenasaiangel yrsoumnri o rsweidratgieorgr oup i s i ntroduced to an

aromatic ring of the aryvl_ noiet f e .ar E%Jﬂg ' ed to the
porous polyneric &,&%r ra em%ér%/?:érrgpe‘{lt;a crgl e er#{gie%}?vf%{ a‘?\y sui tabl e
20 aryl nonguaryedyrerss repdirhavionpta eoregeiBuiofhAout y2 poreaer s can
Possess agsi NGl SMdindd i (Fy 9o RN ZEALI4MO) n8lt Sof HEgEnar omat i c
ring, such as, Tor exanple, a nalgf]t%acfe e, da benzot hi'ophene, or ah

anthracene rifhdl.)An &g mamarane headIng(¥2iksad Kreheh c(FW  feelysX o
i ncl ude, for Jﬁ,g()qrrmaes &géﬂ%%tm%peg%@rmaé@@%oaéso can be a

mononer capabl e of reacting by other ani stic (Eat hways in addition to
bei ng chem catanigfex tveiqly War HhanbuaEsiy ekt ed upbdrta Feriekagpl e,

di vi nyl benzeng,1aak dH) dedoion LA B%$ | 19K 191¥%6he NSAGHe Dhist | 1n aflel iy Déné O
formng a graft to, the pqrous %)I meric, support. . Preferabl e, ar

\ , L yl
monomer  &8nmpriTrife unstiR Y WA 13t #h IPRTRLIRES Y e i on
exchange gr oup, 060 iRtH®E CBSlr t 60 aowirO et | ambieyt temperature. The

resulting grafted membrane was removed from the grafting
solution and washed with methylene chloride. The grafted
membrane was placed in a sulfonation bath containing 3

15 wt.% chlorosulfonic acid. Next, the membrane was washed
with water, followed by 5% aqueous HCl, then trickle
washed with high purity water'to_provide a cation
exchange membrane of the present invention.

20 " EXAMPLE 2
This example illustrates the ion exchange

characteristics of an ion exchange membrane of the
present invention. The ion exchange capacity (IEC) of a
cation exchange membrane prepared in accordance with

25 Example 1 was determined. Table 1 sets forth the IEC of
the ion exchange membrane of Example 1 (“Membrane 1”) in
an ethyl lactate solution (EL). The IEC’'s as a function
of unit mass (mmol-eq/g), unit area (umol-eg/cm’), and
unit volume (mmol-eqg/cm’) were determined.

.30

35



of the aryl noiety derived therefrom after the nononer 35 is grafted to
the porous Wweloygdoi C support. More WO 99/09091 -  PCT/US98/16978
PCT/ US98/ 16978 18 preferably, the unsypstituted aromatic ring is a
nonocyclic aromatic ring, particularly a benzene ring. Still nore
preferably, the aryl monomer is styrene or a derivative thereof, nost
preferably styrene. 5 When a diacid nmonomer of Fornula | is used in
the present nethod of preparing an ion exchange nenbrane, n is preferably
0. It is also preferred that either R or Rerr] are H Mre preferably,
both Rlerr] and Rlerr] are H however, other enbodinents with respect to
conbi nations of R err] and 10 R2 suctpabte fior exanple, those discl osed
above, can _be suitabl grafted to the porous pol yneric support along

with the organic mongg

more pref eraly—F d ci d
: fnine

mononer . MpsEC gbly, the diacid mononer is frePdic acid. afting is
t he introdudgcolumfl-ag/enyani c noiety to a polynerig.astrix (i.e., the
porous pol YRREI ¢y pgarggsvia an energy source, mh|5h55e$ults_|n t he
formati on of coval ent éon s through which the organic¢ ioiety is bonded 20
to the porod8ipersafer(p®) support. Thus, the organic 124

Weight per Area (mg/cm’) 3.3
Flow (ml/min/cm’) EL @ 1 atm 1.5

The data set forth in Table 1 reveal that the ion
exchange membrane of the present invention exhibits
excellent IEC’s with respect to unit mass, unit area, and

10 unit volume. Further, the relatively high flow rate
across the membrane at atmospheric pressure (1.5
ml/min/cm’) indicates that the membrane has sufficiently
high flux to function effectively in filtration

applications.
15
EXAMPLE 3
This example illustrates the ability of a cation
exchange membrane of the present invention to treat
different organic solvents containing ions.
20 In this example, a cation exchange membrane prepared

in accordance with Example 1 was tested for its ability
to remove a wide variety of metal cation contaminants in
three different photoresist solvents. Photoresist
solvents methyl-amyl ketone (MAK), ethyl-3-

25 ethoxypropionate (EEP), and propylene glycol
methyletheracetate (PGMEA) were obtained commercially
(Aldrich Chemical Co., Milwaukee, Wisconsin), and passed
through cation exchange membranes prepared in accordance
with Example 1. The filtrate was recovered for analysis.



noi ety of thév?g?{wg)’(lchange menbr ane of g}e present invention FECTARPBNENE y

bonded to the porous polyneric support.<The organic noiety can be grafted

to the porous polyneric support By any suitabl e neans, many of which 25 are

known in the art sugh as, for E?anple i{radiatijont eIecﬁ;?P_ggan}hermm

treat nent, i rradjation gra ost - adi ation i ng,

grafting, uIt?ﬁVlSPE PngagFSnph8ﬂ8r§5é§ﬁasa Y¥PPEfg. € bgeferably t he

grafflng i's Lndueedthatﬁadsabfo?etam¥eoﬁgeWetabaytbxmgaﬁﬁgféﬁo&@ibgﬁi?gbﬁé
el ectron adi a RS refera :

|gn exchange §§g% gé aﬁ?ﬂpﬁﬁ8PFo§SFegPSﬁBgda¥9% ggg %EF m@Fapﬁnctional
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menbrane, 1t is prererr ron~exchange grolp cova onded to
t he organi ¢ nétatesdefi tbe mebnitheneryaﬁlOonndahermnsed sul fonic acid ion
exchange group. Mre preferably, .the sulonic acid ion 5 exchange group is
i ntroduced, and coval ently bonded to, @ ematic ring of an aryl noiety
after a suitable aryl nononer is grafted to the por ous pol ymeri c support.

. : o .
Any suitable organic reactio A eTEog pp—

Element DL Before After |Before After |Refore After
(ppb) | (ppb) (ppb) | (ppb) (ppb) | (ppb) (ppb)

Al 0.1 3.4 0.5 <DL <DL 0.9 <DL
B 2.0 <DL <DL <DL <DL <DL <DL
Ca 3.0 64 8.1 <DL - <DL 3.5 <DL
Cr 0.5 2.2 <DL <DL <DL <DL <DL
Cu 0.5 11 0.8 <DL <DL 6.8 <DL
Fe 2.0 20 <DL <DL <DL 12 <DL
Pb 0.1 6.5 <DL <DL <DL 2.9 <DL
Li 0.05 <DL <DL <DL <DL <DL <DL
Mg 0.1 9.7 1.1 1.0 0.8 0.6 <DL
Mn 0.1 0.6 <DL <DL <DL 0.2 <DL
Ni 0.1 0.2 <DL <DL <DL <DL <DL

K 3.0 <DL 3.9 <DL <DL ' <DL <DL
Na 0.1 860 4.3 64 3.6 310 0.6
Sn 1.0 <DL <DL <DL <DL <DL <DL
Ti 1.0 2.1 <DL <DL <DL <DL <DL
an 0.5 150 - 0.9 4.7 <DL 690 <DL

10
The concentration detection limits (“DL”) of the
various metal ion contaminants are shown in the “DL”
column of Table 2. The DL was determined using the
inductive couple plasma/mass spectrum (ICP/MS) method,
15 which has a DL in the 0.1-3 ppb range, depending upon the
particular metal tested. The concentrations of the metal




to introduce an ion exchange group to an organic noiety. 10 For exanple

a cation exgianmseey’ oup (e.g., a sulfonic acid group) can b%whﬂ@ d to
an aromatic ring, such as, for exarrpltig a benzene ring, by electrop
ci

chl orosul fonation with chI orosul fonic fol |l omed by aqueous hydr oI yS| S
of the resulting sulfonyl chloride. 15 An ani on exchange group (e.g., an
ammoni um salt) can be introduced to an aromatic ring, such as for exanple,

a benzene I idighe S AN lcrl N5 1RAIAC I G TQIdupRE DY LeduCti on to

the amine and subsequent quaterni zati on wit ppropri a &l ating
agent. For #hysfierda the “Befong”ptdodimey, gmdstnhammemﬁm Osfee Mar ch,

Advanced OB (PTG nalil L Ktk s taRiRh A8 ondie the

i on exchange_group is a sul fonic acid group introduced su fonatlon
reaction. Typrdgdy colmbdudlatéd dom Cﬁﬂqe&%r@t&&r’& Rﬁhl% thechange group

to the asorr&idtfédtnﬁlﬁl Qfingit @aind JHYweL )ésgr‘\%fﬁlﬂ'd to thef por ous PO! yrrerlhc |
support is acco Ilshed by su t|n q&rane after grafti the ary

nonomer t her et o, ﬁ%ﬁﬁﬁq ing, datia, |é5ﬁﬁ %éb

sol uti on) urmhdrle:mdlﬂha)metdiemehy c%ﬁxcmmm ifee )i regiopfifiimrarlyt noi ety
under goes sl oM dlddite fk RRIRANAIIALL G AL 0 species. In the

present net hod of prepa an “1on exchan € nenbrane, e nmenbrane can be
treated to resfANRle3s tl'@)maarﬂqmraéil@ns Vids Y@K Vel Hingm A&0 topwat er to

10 to 4.3 ppb after treatment. In PGMEA, the Na
concentration fell from 310 ppb to 0.6 ppb, and the Zn
concentration fell dramatically from 690 ppb to below the
detection limit after treatment. These data demonstrate
that an ion exchange membrane of the present invention

15 significantly removes a variety of metals in photoresist
solvents. Significantly, the metal concentrations were
reduced to single digit ppb levels, providing solvents
with metal concentrations several orders of magnitude
below the ppm range.

20
EXAMPLE 4
This example illustrates the effect of flow rate on
effluent Na concentration in a photoresist solvent
treated in accordance with the present invention.
25 A filtration apparatus having three layers, each of

which was an ion exchange membrane prepared in accordance
with Example 1, was tested for removal of sodium ions at
various flow rates in a photoresist solvent contaminated
with 2.55 ppm Na. Each layer had an exposed surface area
30 of 50 cm’. The contaminated photoresist solvent was
passed through the ion exchange membrane at various flow
rates, and the effluent was analyzed for Na by atomic

absorption (AA), which has a DL within the 0.05 ppm
range.
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trace contaminants. Menbranes having | @4 | evel s of contam nants are highly
desirable for applications in mcrolithography where trace contam nants can
be detrinental. 5 The present invention is further directed to a

met hod for treating a fluid containing ions which includes contacting the
fluid with an i onTeRcramybtaenteanet oforkb preTahlei AvenThen timeferably,

the method 'EMPhMﬁSréﬁﬂE¥éﬁ9s'9ﬁé £108 anfbpid160ataiHipg LBe i0NS, nost
preferably b%FEaSSIn fluid through the i on exchange nenbrane of t he

present inve bﬁen%h@aﬁeFﬁaaesFe@hQV§Fe§éﬁtrﬁﬂssﬁt.shecaﬁn558absnpsd

tf)ward tmhe r&é])ilﬂéaf)édpbfjl tht‘ﬁtilmé 9fR€si 88t f?rﬁh, J.ﬁOdthboml&f&eSl um

al um nu atively char 0 , OF | sul fat e,
nitrate)s%ro 3 flﬁ .ifbi Vﬁﬁl? tﬁétéﬁﬁggg ?h@ E%E§§n§ PEPYLEESon can
be applied toﬁaeﬂflhenteaomhécbionetat thesihdbortedl fildwceatai, neng net al

lons, to pro¥hggy§?élybg §$&Eu$0“e§%ﬂﬁigg %9 ggﬁggg%ﬁgt%gn The present

i nventive ne treat flu or Fgatlng bot h
organi c and e@ltested| aves, sgbgequentr@ngvelnuhs finbesrvhési| eardb. For

exanpl e, thejpteseni BBIAgdqelihegebangyacht UbdgERAIALNLAE LABSRAN be

10 times set forth therein. The “weight” column sets forth
the weight of effluent actually collected for metal ion
analysis over the indicated time interval. The “flow
rate” column indicates the rate at which the influent
passed through the filtration apparatus ovexr the

15 indicated time interval (g/min} as calculated by dividing
the weight of collected effluent by the time of

collection.
TABLE 3
20
Sample | Time (min) Effluent Flow Rate Effluent Na
Weight (g) (g/min) (ppm)
0 Initial . 15.26 - 2.55
1 0-3 17.18 5.7 0.12
2 3-4 22.18 22.2 0.06
3 4-5 31.38 31.4 0.06
4 5-6 29.51 : 29.5 0.04
5 6-7 25.23 | 25.2 0.03
6 7-8 : 21.06 S 21.1 0.0S

The results in Table 3 indicate that the present
inventive cation exchange membrane effectively removed Na
ion contaminants independent of flow rate. Thus, for

25 example, measurement 3 taken between 4 and 5 minutes at a
- flow rate of 31.4 g/min is essentially the same a s that
of measurement 6, taken between 7 and 8 minutes at the



applied toward the treatnent of organic solvents such as, for exanple,

et hyl | act a4@o9kgoset hanol . Mreover, the 25 present nethodpeffbfordd 2
fluid can be applied toward the treatygnt of ion-containing organic

sol utions conprising an organi ¢ sol vent and an organi c solute, for exanple,
organi ¢ sol vent/organic resin solutions such as a nethanolic organic resin
solution. In addition, the 30 present inventive nmethod can effectively

renove ionsiggem gi_g@nfgtgh?f Oév\gls:if _S%/lﬁﬁllvﬁ?:é?G fﬁ%ﬂs&l %lfgg?pﬁ! ternatively,

the present nmethod, is_equally urted remova lons from an
aqueous | i qhif8PEEtyveln)t ute aqueous HF), as well as sol utions conprising a
35 mxture of organic and aqueous sol vents. 21 Desirably, the present

i nventive nmethod of treating a fluid conprises contacting a fluid
containing ions with an ion exchange nenbrane of the present invention to
provideZ fluid with reduced i on coRXAMPLEBt 5on. In one 5 preferred

enbodi nent, the e | Nt i rises.cont.acting a.fluid
havi ng a sodi um ?%ﬁéc%%ﬁ¥§a§%%§r%$ﬁ%%gﬁl?8? #%ﬁ%‘ﬁ?@t%ﬁr n%?’én% of the
present invenerbayedn pabioueexchange menbrans gpreparehcintaetondahess t han

about 0.2 ppmnPegifheL!y less 10  than -about 0.1 ppmof sodiumion. 1In

anot her preferred
An ethyl lactate solution spiked with 20 ppm Na was

10 passed through a single layer ion exchange membrane
prepared in accordance with Example 1, and the
concentration of Na in the effluent was monitored. The
results are graphically depicted in Figure 1. The Y-axis
indicates the ratio of Na concentration of the effluent

15 to that of the influent in percentage units. The X-axis
indicates the total amount of challenged Na (pg). The
effluent/influent ratio was measured at various points
from a predetermined total of challenged Na, calculated
from the total effluent volume of contaminated ethyl

20 lactate. .

The resulting data indicates the range at which the
ion exchange membrane begins to lose the ability to
retain sodium. In this example, the ion exchange
membrane began to lose its ability to trap Na after a

25 total challenge of 1500 pg to 2500 pg Na.

EXAMPLE 6

This example evaluated one layer. and five layer

systems, wherein each layer was an ion exchange membrane
30 prepared in accordance with Example 1 (“Membrane 1”), for

relative capacity to remove sodium in ethyl lactate.

The results were compared with the theoretical
values of simulated systems having from 1 to 6 layers of
Membrane 1 of the present invention.



: 0 : : : :
enbodi nent, t %996?9e?51ent I nventive meth conprises contacting PETASRN 4 ne

of the present invention with a fluid I ng a sodiumion concentration of
about 8.4 ppmand an iron ion concentration of about 7.3 ppm to 15
provide a fluid having a sodi um concentration | ess than about 0.1 ppm and
an iron concentratj,on lLess,than _about 0.2 pom _In_ another preferred
enbodi ment, the pr %%nfe?ﬂ%éﬁt?ﬁﬁ %@?ﬂ%dl%oﬁbgPE%szCon#gﬁtFHSXfﬁe nmenbr ane
of the presenindihvabes obhei tatbofdfii Na heoncenspationanfl thepeff2Qehan
concentratio 0, o) p L de. | uj ' dj.uc d
copper ion cgﬁ%e%?égt#%n€h$§ggﬁ}%%§taE%%éggsggép%%?pegggﬂﬁ?égl9Hgk§?érred
embodi ment, tHeepfeaxhs indieates wee hootabnpndwet ebnchelleggeteNaenbr ane
of the preseng, invent ' ; i | O epiration
fr om about go&*éé’sb EhETe Rt inede [t Ol M0 GorCenCPAfloh RaERBRTRAE" o1
concentrat i onr2Fedal 1ope apdufive epr%Y%¢§m$y0FeM%mbhaneabouerQ ppb, nore
preferably | esg1éipaadoptoR. JaPbbus Tﬁfe@é@éﬂﬁiné@w?&ﬁé?gcﬁ%iQﬁéeQrB | des
I C

a filtration 30 _agg%%gtus for rempving, ions froma_flul can be
used in the phesthterabnlaceater HRRETLR ae| agtealieRe Iaverppusheus

i ncl ud fi | ' t fluid th h, t filt
ani t o opti ont 1 ipefidediibg FEAR dToRRRLETCIE Shdltne TabERL BRve T
further 3o ingjepesydedRals {04: E8CON B} NGatbonld! Liflfes 85 .11 LS

theoretical effluent/influent Na concentration ratios for

simulated systems having from one to six layers are
depicted by unfilled (i.e., hollow, not darkened) shapes,
wherein the simulated two layer system is indicated by

15 upright triangles (A), the simulated three layer system
is indicted by diamonds (0), the simulated four layer
system is indicated by inverted triangles (V), the
simulated five layer system is indicated by circles (o),
and the simulated six layer system is indicated by

20 rectangles ().

The resulting data demonstrate that the émployment
of multiple layers additively increases overall ion
removal capacity. Since the curve for the actual five
layer system correlates well with the theoretical curve

25 of the five layer system, these data can be useful in
predicting the effect of multiple layers on ion removal
capacity. |

EXAMPLE 7
30 This example compares the ion removal capacities of
a commercially available ion exchange medium with that of
an ion exchange membrane prepared in accordance with
Example 1 (“Membrane 17) .
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WO 99/ 09091 PCT/ US98/ 16978 22 unit
utilizes anyige6eerhange menbrane of the present invention. ﬁgﬁﬁﬁﬁﬂ@L t he .
filtration apparatus of the present ggentlon enploys a filter unit having

a cation exchange nenbrane as describ herein. More preferably, 5 the
filtration apparatus enploys a filter unit having a cation exchange
menbrane wherein at | east one ion exchange group is a sulfonic acid group

and which s ef f §abiye )0 LeUDKR i bI0e B! AhaC o8 ABLAALS. Loy gani ¢

sol vents and sol utT providing so ts or 0 SO utlons extrenely
| ow concent rtdtriomadh &f G@tﬂ@ln |I@Es45@fm\/\ﬂ?a>1ﬂ- a@@rmmmm)y nedbumfangdt al

ons. 1N 2 Richfsieid 19MDadie Rdea! ien LhhRbntibk it Li? eher 3dARceXchange

menbrane conprising a porous polyneric suppo an aryl nnlety
conpri si ng reéﬁ’g’t emorRge; &’a\%ﬂ%‘sﬁeﬁs a@&ﬁé] §ﬁf‘ﬂe§Faﬁonded an ion
exchang%grmdd&i&hﬁhﬁd ketally lchalilehyelss ofr aktad tienf.he porous pol yneric

support. I n anot pre r.red_enbo t.he f||tra I on atus of the
present inventio 5 §s & % g%f%&nd@ ﬁ%ﬁﬁfﬁh coH%&P porous
pol yneric sdpﬁﬁmatamdt@m 2 fdngat/dnfiiveny. weitel ool @mmcamtnapwonnniety
conpri sing Egpg | S a @3 exchange
group, and 3%53 C|1#A§%§§g%§€§e e ron1g%%05§%%?% ngq mhereln t he

aryl noi ety t@at@al tvélad#@@g@ i @waér dogr diwged t@lnehéfeﬁ@rld}@s oma}md C

10 with respect to sodium (Na) ion removal to are
represented by hollow (unfilled) shapes. The results
obtained with respect to iron (Fe) ion removal are
represented by darkened shapes.

The darkened circles (®) indicate the results

15 obtained with respect to iron ion removal by the Gelman
ICE-450™ medium. The hollow cifcles (0) represent the
results obtained with respect to sodium ion removal by
the Gelman ICE-450™ medium. The hollow upright triangles
(A) indicate the results obtained with respect to sodium

20 ion removal by Membrane 1 of the présent invention. The
darkened upright triangles (A) indicate the results
obtained with respect to the removal of iron ions, in the
form of ferrocene, by Membrane 1 of the present
invention. The hollow inverted triangles (V) indicate

25 the results obtained with respect to sodium ion removal
by retesting Membrane 1 of the present invention against
sodium ion removal. The darkened inverted triangles (V)
indicate the results obtained with respect to the removal
of iron ions by retesting Membrane 1 of the present

30 invention against iron ion removal.

These data demonstrate that the metal ion removal
capacity of the present inventive ion exchange membrane
dramatically exceeds that of the Gelman ICE-450™ medium.

For instance, after a total challenge of 600 pg Na and



25 support, WO ML bed herein. The fol | owi ng exanpl es furt HRET/P$I8(16978,¢ e
the present invention but, of course, Should not be construed as in any way
limting its scope. 30 EXAMPLE 1 This exanpl e
describes a nethod for preparing a cation exchange nmenbrane of the present

i nvention by providing a porous ultra high nolecul ar wei ght pol yethyl ene
support, conFactthg effluentdinfiuens 8&tadnepRcengratiiony e s Watene
nonomer to t i 1; ; i

PCT/ US98/ 169%@&833%3% tor tie ?’%lgg’gg?’nt’“ B o o9 d cati on
exchange gr omempicaney|(Menbrpss. 1A, nwRELERE G Tt iq foF fihgh GRIMECUI ar

wei ght pol yetlb;gl-q@ignar}?%@ﬁ%ggaé &%@tﬂ@fapigsa@%'ﬁeg [20%] fbVeS% H

obt ai ned commercially (So 16- P20[ err] utech, .B.V.). The

menbr ane ¥ ol REEes3 siorificamtdyodopwest Ertal Fﬁ)?nﬁg§q ﬁﬁﬁﬂiﬁﬁgﬁf\&%klpaper
and pl aced iRl ?ggqnister whi ch was then vacuumfilled with a grafting

sol ution containing 15% styrene by weight in nethylene 10 chloride. The
systemwas irradiated at approxi mately 6,000 R hour for 60 hours at anbient
tenperature. The resulting grafted negnmePEE vas renoved fromthe grafting

This example illustrates a method of preparing an

10 ion exchange membrane of the present invention, wherein
an aryl monomer and a diacid monomer are co-grafted to
the porous polymeric support to form an organic moiety
which includes an aryl moiety component and a diacid
moiety component. Thereafter, a sulfonic acid ion

15 exchange group is introduced and covalently bonded to the
aromatic ring of the aryl moiety component, so as to
provide an ion exchange membrane. |

An ultra high molecular weight polyethyléne support

(3.05 m X 40.6 cm (10 ft X 16 in)) was provided and made

20 into a roll with paper interleaf, and the roll was
introduced into a test tube. A grafting solution of
styrene (10% by weight), maleic acid (10% by weight), and
methanol (80% by weight) was added. After evacuating and
purging the test tube (three times), it was irradiated at

25 ambient temperature with gamma radiation at approximately
7,000 R/hour for 72 hours. The membrane was washed with
methylene chloride (two times) and placed in a
chlorosulfonic acid bath (3% chlorosulfonic acid by
weight in methylene chloride) for 30 minutes. The

30 wmembrane was washed with high purity deionized water for
about 30 minutes at 80 °C. The resultant membrane was
dried by passing it through a heated dryer, and was
rewound as a finished product.



solution and washed with nethyl ene chloride. The grafted nenbrane was

pl aced in a tion bath containing 3 15 w. % chl orosul O |

Next, the ne P@ﬁgﬁmas washed with ma ? fol |l oned by 5@6aqdéous§¥@§&gthen
trickle washed with high purity water "o provide a cation exchange nenbrane
of the present invention. 20 EXAMPLE 2 This
exanple illustrates the ion exchange characteristics of an ion exchange
menbr ane of the [ e_i xgha ¢). of a
cation exchange ﬁ%%b% gegrgg% gg Fﬁgagggp gn% Qgﬁhgggﬁg § &Fg %

det er ni ned. Werabﬂ@tfr@@pgdtospncnﬁecaEmyobasns Wgngbkch&hgeknesbuane of
Exanpl e 1 ('Hﬁ'ﬁﬁrc%'lewlat):lhlg éﬁr%@ké' tEﬂ%‘iBhe (?ﬁb%' 0& T@st}egc s as a

function of znlt mass [err err and

é unit area
uni t vol une & ﬁWbFa§&7cn§?emEP§ug iBgnfata. aze sst OMEhQQPOQGQie

PCT/ US98% 16978 24 Table 1 5 Properties Menbrane 1 | EC
(mol - e/ g) TabJIe974
Basis Weight (g/m‘) 48
Thickness (um) [mils] 196 [7.7]
CWST (mN/m) [dyne/cm] 73 [73]
IEC (mmol-eq/g) | 3.5

Water Flow Rate
(1/min/kPa/m*) [1/min/psi/ft*] 1.5 [0.96]

The data in Table 4 demonstrate that the ion
exchange membrane of the present invention has excellent
10 ion exchange capacity (IEC) per unit mass (3.5 mmol-
eqg/g) . Moreover, the ion exchange membrane exhibits a
high water flow rate across the membrane, indicating that
the membrane is of sufficiently high flux to function
effectively in filtration applications.
15 .
EXAMPLE 9
This example illustrates the effectiveness of the
ion exchange membrane of the present invention in
removing ions from organic solvents containing ions. In
20 this example, a cation exchange membrane prepared in
accordance with Example 8 (“Membrane 2"5 was tested for
its ability to remove sodium and ferric ions from a
methanol/organic resin solution.
A five-layer media disc was prepared, with each
25 layer being a section of Membrane 2, and the media disc
was placed in a jig. A methanol/organic resin solution
containing ions was prepared by spiking a



| EC ([ err] noWQaR9/00flerr]) | 6.43 | EC PCT/US98/16978

(mol -eqg/cnferr]) 33  0.52 Thickness ([err]m
124 Wi ght per Area (nmg/cnferr]) 3.3 Flow

(mM/mn/cnferr]) EL 2 1 atm
reveal that the ion exchange menbrane of the present

1.5 The data set forth in Table 1
i nventi on exhibits

excel | ent | E@ethandl fargsstic tmesin solaysionwithraedivmdMNo) amd vol une.
ﬁtd V@é’*%"'ﬂcﬁhé | owtit & AL @SSl ltei SR L S NSadbedt NMOSpheri c

Further, the g

pressure (1. 5 [ m.n/¢cnR

I ndi cates that the nenbrane has sufficiently high

flux to functihough dhig media disq. and fPBphihe difoent BRSAVPLE 3 Thi s
exanpl e i || udfiiit it Aidd twerd ahaaided R hastafe ey fdte @ﬁ theét€al

pr esent |nvent|on to treat dlfferg organlc solvents cont.ai nj i,ons.

In this exanpi¥S-a

Exanple 1 WaSJ.rIﬂﬁie&ﬂ: fsrreatns alrid iflor tpamﬁrmyleua w}dﬂnesaroﬂatnh@f met al

cation contamnants .in three dlfferen ho vent s. Photoresi st
sol vents net -LHART 1S (?135"’( ahs)}‘f) e:éq?@ et hsﬁ-ﬁl r %If% AT e (EEP) ,
propyl ene gl ymmhovﬂt fofl ethee risret eﬁcer_ (REVEA)oIweree abtes iste o nabs @i e y
(Al drich Chergggl,@eq M llﬁ?é"&e@sul\@iﬁ(gdﬂg ard GAASASA 1 N Qued), £at 4 on

exchange nenbranes prepare

10

I N accor
Table 5
Na' Ion % Removal | Fe’’ Ion % Removal
(ppm) (ppm)

Influent 8.4 - 7.3 -
Effluent (20 ml) 0.05 9.9.4 0.08 98.9
Effluent (40 ml) 0.05 99.4 0.10 98.6
Effluent (60 ml) 0.06 99.3 0.10 98.6

15

20

The data in Table 5 clearly demonstrate that the ion
exchange membrane of the present invention is highly
effective in removing ions from organic solvents and/or
solutions. In particular, Membrane 2 is highly effective
at removing both alkali metal ions and heavy metal ions.
For example, Membrane 2 removed nearly 99% of the ferric
ions in solution. Moreover, Membrane 2 removed greater
than 99% of the sodium ioné. The performance of the
membrane was consistent at all the indicated effluent

~levels. The ability of the present membrane to remove

25

heavy metal ions is remarkable in that heavy metal ions
are typically very difficult to remove from solution by
filtration. Further, the ion'exchange membrane of the
present invention demonstrated excellent ion removal
capacity, since the spiked ion concentrations used in the
present example were higH (in excess of 1 ppm).

R RY 53 1% c%h%\n th

20

and



with Exanple 1. The filtrate was recovered for anal ysis. WD 99/ 09091
PCT/ US98/ 1680%9849F0r each of these photoresist solvents, tPTUSIS 16978
concentrations of netal ions were detggm ned before and after the sol utions
wer e passed through the nenbrane. The results are set forth in Table 2.

Al t hough the 5 indicated netals existed in ionic form the oxidation states

of the netal ions was not determ ned. Table 2 MAK EEP

PGVEA El enent Before After BexamerL®fier Before After (ppb) (ppb)

(ppb) (ppb) (p 21 1 .q3.4 . <DL <DL
9 Qgé gggmébf 8@% EfékathLtRe gEtllty<BE %hg<bEnCa 30

64 8,1 exch@hge mefbrane3of the<pre€ent in@eftion2t® remoPe ionsDL

<DL <DL : . . . DL : <DL Fe
50 20froﬁDéB§gogs<B§lﬁtlgBE é%ntaiagng 102EL Pgn ER&glfxgméégs <DL
<DL <Pl a catdon exphapge memprgpe preppred ip| accoxppnce whth <DL

<DL My EQa%B&e g i“Memﬁréne zl)owas Qeéted @o@ 1ts<Q51WEty to 0.1
0.6 <DL <DL

<DL <DL remepe alkall metal ions and heavy metal 1ons from an
aqueous hydrofluoric acid solution.
A five-layer media disc was provided in the same
10 manner as set forth in Example 9. A 0.1% agueous HF
solution containing ions was prepared by spiking a 0.1%
aqueous HF solution with known concentrations of sodium
(Na) and copper (Cu) ions. The spiked solution was
passed through the media disc) and both the influent and
15 effluent streams were analyzed for concentration of metal
ions. The sodium and copper ion concentrations for the
influent stream, and for particular volumes of the
effluent stream, were measured by AA. The percent
removal of the ions for each volume of effluent was
20 calclulated. The resulting data are set forth in Table

6.
Table 6
Na Ion % Removal | Cu Ion % Removal
(ppm) (ppm)

Influent 0.86 - 0.90 -
Effluent (10 ml) 0.03 97 0.0 100
Effluent (20 ml) 0.02 oS8 ] 0.0 100
Effluent (30 ml) 0.03 97 0.05 95
Effluent (40 ml) 0.01 99 0.01 99
Effluent (50 ml) .0.02 98 0.0 100
Effiuent (60 ml) 0.01 99 0.0 100

“This Sheet Has Been Replaced
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K 3.0 WOIHPIsr 3 9 <DL <DL <DL <DL Na RCTUS98/18%78
4.3 64 3.6 310 0.6 Sn 35 1.0 <DL <DL <DL <DL
<DL <DL Ti 1.0 2.1 <DL <DL <DL <DL <DL Zn 0.5
150 0.9 4.7 <DL 690 <DL 10 The concentration detection
limts ("DL") of the various netal ion contam nants are shown in the "DL"
col um of Tabl e 2Thenhgapp dBsTabler fi Gdaagdvngerpastiate: ithate sing don

pl asma/ mass epehhhy® mkfBriBe BEt BRE, piasewhi ¢hvBasidnDid Milgkay0. 1-3 ppb

on the artlcular netal tested. The_concentratj ons of

nge, dependi
{ﬁegnetalp §Eg§ggggog§ removing ions from aqueous solvents and/or

PCT/U898/169%81ﬁ610natanlnapEStiaulﬁachthelpeabeﬁtlmbmFQahFeﬁbﬁhﬁth&e
shown in ¢ he € _con r.ati of neta _
contanlnéits a?géggﬁrea Qﬂovgﬂg hﬁﬁﬁeiﬁigﬁil"ﬂfggi"l88ﬁuﬁﬁd bﬁﬁaw i on

concentr at i ometaé| denshénsadeagueous médiUmareFshowuamplégDMbmb&anbs2

apparent frOEbﬁaeeFeibb%' 8 gﬁéacégéeLOEBHsi?nT?BPﬁtgorésg nfELak

concent rations Si gni |can a resul &Rt rAver |ve
treat ment. FbReeRadpr@ ipPRE. hﬁscéﬁﬁéﬁmiaﬁﬁohy AR, Nﬂﬁtﬁ§I50fménp$60 pfb 10

to 4.3 ppb afifeeffigahtienhs cbN1BE&MEA. the Na
10 .

All of the references, including patent and patent
application, cited herein are hereby incorporated in
their entireties by reference. _

While this invention has been described with an

15 emphasis on preferred embodiments, it will be obvious to
those of ordinary skill in the art that variations of the
preferred embodiments can be used and that it is intended
that the invention can be practiced otherwise than as
specifically described herein. Accordingly, this

20 invention includes all modifications encompassed within
the spirit and scope of the invention as defined by the
following claims. |



concentration fell from 310 ppb to 0.6 ppb, and the Zn concentration fell
dramati cal | wa 99090890 ppb to bel ow the detection [imt afterPCT/O88METS.
These data denonstrate that an i on exd6ange nenbrane of the present

invention 15 significantly renoves a variety of ' resi st
solvents. Significantly, the metal concentrations ﬂllltﬂl EEMSI ngl e
digit ppb levels, providing solvents with netal c i er al

orders of MWHAT ude dIAIMED NS :ppm range. 20 EXAMPLE 4 This exanpl e
illustrates the effect of flowrate on effluent Na concentration in a

phot oresi st solvent treated in accordance with the present invention. 25

A filtration appdr.at ufradumexdreage meobyangacEMpr LiGHngh av@PTeNs on
exchange ne r N d%Qg% Id hoeghp! : tested for
removal of oc}%#ocﬁ%y vxlatl:r iaglai;%h ow ré‘}MStsh‘. n a%ﬁ%t émrhel\%?itltsgol vent

cont ani nat ecFaralentlss handeds arEdeon IexFdangsd IXQUP p¥heFedd Badd area 30

of 50 cnf errdrgallie: GRIEAY A - JFHAUPL RS Istli 6 Potils PRI ed through the
i on exchange renbrane at “vari ous flow rates, and the effluent was anal yzed
for Na by atBHERO%bsorption (AA), which has a DL within the 0.05 ppm range.

2. The ion exchange membrane of claim 1, wherein
10 said ion exchange group is a cation exchange group.

3. The ion exchange membrane of claim 2, wherein
said cation exchange group is selected from the group
consisting of a sulfonic acid, a carboxylic acid, and

15 derivatives thereof.

4. The ion exchange membrane of any of claims 1-3,
wherein said porous polymeric support comprises a polymer
selected from the group consisting of polyolefins,

20 polyamides, polyacrylates, polyesters, nylons,
polysulfones, polyethersulfones, and polycarbonates.

5. The ion exchange membrane of claim 4, wherein
said porous polymeric support comprises a polyolefin.

25
6. The ion exchange membrane of claim 5, wherein
said polyolefin is selected from the group consisting of
polyethylene, polytetrafluoroethylene, and polyvinylidene
fluoride.
30
7. The ion exchange membrane of claim 6, wherein

'said polyolefin is polyethylene.
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results are set forth in Table 3. The "%? me" colum represents the tine
intervals at which the effluent was coll ected over six ranges, the ranges
bei ng delineated by the time points set forth in the colum. 5 Thus, sanple
1 was collected dyring,the.first m nutes. of effl ue t.collec&%gn“ at the

i ndi cated flow rafe, andah8PyZ8GRPBECSEEPRARANEARE §423T, 71 o WRSESHT sanpl es
col | ected oveaidupstgeehylene dsnuileranhéghameleeadthbri medghal being
del i neated b Jinni ng and the end 10 tines set forth therein. The
"wei ght " coléﬁggggpggﬁgﬁfh the wei ght of effluent actually collected for
nmetal ion analysis over the indicated tinme interval. The "flow rate" colum
i ndi catessthe ratg at LC hel n r he, s tigon
apparatu?sover thg'15 ?ﬁhd?ggtgﬁbg%%ggiﬁ?@%&%ﬁg(gﬁn?h g% %&ﬁ@h&é?ééeby

di vi di ng t hewherghn spidopreanig BPirG¥ncompriges: afe agylcsdietdi-on. TABLE

3 20 Sanple Tinme (mn) Ef f | uent Fl ow Rat e Ef fl uent Na Wei ght
/mn 0 Initial 15.26 -

ggé5 1 (9 é_310. Thgpgg%18XChange meggyane of claim P wherein g 4

gzbéB said &ryl moiety RoRPr3ses an a#omatic ring3to3%hich is 31.4

10 . covalently bonded a sulfonic acid ion exchange group.

11. The ion exchange membrane of any of claims 1-
10, wherein at least one sulfonic acid and at least one
carboxylic acid are covalently bonded to said organic

15 moiety.

12. The ion exchange membrane of any of claims 1-
11, wherein said organic moiety comprises an aryl moiety
and a diacid moiety derived from a monomer of the
20 formula:
R2
Rl / oH

(cH,) . °

A

o OH

wherein R' or R? are independently H, C,-Cs alkyl, or
phenyl, and at least one hydrogen atom on said C,-Cs alkyl
or said phenyl is optionally substituted with at least

25 one substituent selected from the group consisting of F,
Cl, Br, and OH; and n is an integer from 0 to 2; an ester
thereof, or an anhydride thereof.

_—
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4 5-6 - 29.51 29.5 0.04 5 6-7

25. 23 0.03 6 21.0 ®l 1
1 8/16

0. 05 The resﬁﬁts %% Table 3 indicate t?gt the present |nvenf?gxﬁﬁgdlg

exchange nmenbrane effectively renoved i on contam nants mdependent of

flowrate. Thus, for 25 exanple, neasurenent 3 taken between 4 and 5

mnutes at a flowrate of 31. 4 g/mnis essentially the sane a s that of

neasur ement 6, 9/,
PCT/ US98/ 16978 28kfower f1gh et 5%% %%&516%\%23 v%?%%]lppm

respecti vel ygal 4 aryl moiety comprises an armglgxgrm%

determ ned tdwdireakthsutiied W Waulffonid erad el éi@.lhaﬁigéwe menmbr ane
prepared in accordance with Exanple 1. An ethyl |actate solution spiked
with 20 ppm Na was 10 passed through a single |ayer ion exchange nenbrane
prepared5i n accordanceThe tiorbexgilande mewbrare efcddimatidomfldNa in the
ef fl uent maswﬂgyg qh ]pe results are graphically depicted in Figure 1.
The Y-axis ind é&es the tatio of Na concentration of the effluent 15 to
that of the influent in percentage units. The X-axis

15. The ion exchange membrane of any of claims 12-

14, wherein R' and R? are H.
10
l6. The ion exchange membrane of any of claims 12-
15, wherein said aryl moiety comprises a benzene ring to
which is covalently bonded a sulfonic acid ion exchange
group, and said diacid moiety is derived from maleic
15 acid.

17. A method for preparing an ion exchange
membrane, said method comprising:
(a) providing a porous polymeric support;
20 (b) contacting said porous polymeric support with an
aryl monomer comprising an aromatic ring; and
(c) grafting said aryl monomer to said porous
polymeric support to provide an organic moiety comprising
an aromatic ring, wherein either said aryl monomer
25 comprises an aromatic ring bearing an ion exchange group
covalently bonded thereto or an ion exchange group is
introduced and covalently bonded to an aromataic ring of
- said organic moiety, so as to provide an ion exchange
membrane.
30
18. The method of claim 17, wherein step (b)
further comprises contacting said porous polymeric
support with at least one diacid monomer of the formula:

R M “ﬁﬁ“iﬂ‘;iii;fﬂﬁ‘ |‘|‘,°;ii1
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i ndi cates t NEOPYPMP anpunt of challenged Na ([err]g). The ef fACRIBYBuent
rati o was neasured at various points fPdm a predeterm ned total of
chal l enged Na, calculated fromthe total '
ethyl 20 lactate. The resulting data indicates the rang e at whi ch the |on
exchange menbrane begins to |lose the ability to retain "llu “E
exanpl e, the ion exchange nmenbrane beganR% | ose its ab

after a 25 total challenge of 1500 to 2500 [err]g E 6

Thi s exanpl e eval uated one | ayer a ayen systens, wher e| n each | ayer
was an ion exchange nenbrane 30 prepar accordance wth Exanple 1
("Menbrane 1"), for relative capacity ve sodiumin ethyl |actate.
The results were conpared with the thd@Hgl,jCal val ues of sinulated systens
having from1l to 6 | ayers of Menbrane of the present invention. The
results are shown in Figure 2. The Yo#xis indicates the ratio of Na
concentration of the effluent to tha®  of Ghe infl uent (expressed I n

per cent age u The n I c | enged Na 5
([err]g). hé%%f’ugnt I n I%’er%t qhg‘g%onc%%t%rlgoha Can@ k%r arbq{ual one and
five |ayer s?bﬁéﬁ%:oﬁnﬁ’eﬁﬁréﬁésm @Beehydrogen atom 01'1 Sald C,-Cs alkyl

or said phenyl is optionally substituted with at least

5 one substituent selected from the group consisting of F,
Cl, Br, and OH; and n is an integer from 0 to 2; an ester
thereof, or an anhydride thereof; and step (c) comprises
grafting said aryl monomer and said diacid monomer to
said porous polymeric support.

10
19. The method of claim 17 or 18, wherein said aryl
monomer comprises an aromatic ring bearing an ion
exchange group covalently bonded thereto.
15 20. The method of claim 17 or 18, wherein an

ion exchange group is introduced and covalently bonded to
the aromatic ring of said organic moiety.

21. The method of any of claims 17-20, wherein said
20 porous polymeric support comprises a polyolefin.

22. The method of claim 21, wherein said polyolefin
is polyethylene.

25 23. The method of claim 22, wherein said
polyethylene is ultra high molecular weight polyethylene.

24. The method of any of claims 17, 18, or 20-23,
wherein said aryl monomer is styrene.

heet Has Been Replaced
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cal cul ated fromvarious predeterm ned total challenges by Na in ethyl

| act at e, wheyeoomobdie actual one | ayer systemis indicated by @ﬁb%ﬁ%s
squares ([err})-—and-theactual five 1 layer systemis inchate y
darkened circles ([err]) The theoretical effluent/influent Na
concentration ummmmﬂ"lﬁll[wllmed systens having fromone to six |ayers
are depicted byllk IR SeRIlna 1N hol | ow, not darkened) shapes, wherein the
sinmul ated two | ayer systemis 1ndicated by 15 wupright triangles ([err]),
the sinmulated three layer systemis indicted by dianonds (0), the sinulated
four |ayer system?s i%&?d&?‘&f’%fﬁ R 1 akaigefy| k&34 erwhsreimen sigwl at ed
five layer systemis indicated by circles (0), and the sinmulated six |ayer
systemis indicated by 20 rectangles ([err]). The resulting data
denonstrate that the enploynment of nultiple |layers additively increases

overal | ison renpvaé. caTleeimethdd e difie sfiroa iy thesactwdrdiy g ayer
system correé&%eéz \gl;_,lel ith the theoretical curve 25 of the five |ayer
system thesé data Canbe useful in predicting the effect of multiple

| ayers on ion renoval capacity. EXAVPLE 7 30 Thi s exanpl e conpares

the ion renoval cgpacife CYMELFI s | wval laplg i xchange. medi um
with that of an ion excllﬁaﬁlé%hrr(gdnbrane }f)rcgépac%ﬁ'e%'@n 12%%‘?@3’@?&%? hsqaé)fg‘r:}pl el
("Menbrane 1%9n exchange group is a sulfonic acid.

10
28. The method of any of claims 18-27, wherein said
diacid monomer is maleic acid.

29. A method for treating a fluid containing ions
15 comprising contacting said fluid with the ion exchange
membrane of any of claims 1-16.

30. A filtration apparatus comprising:
(a) a filter unit comprising the ion exchange
20 membrane of any of claims 1-16; and

(b) a means for passing a fluid through said filter
unit.

_
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WO 99/ 09091 WO 99/09091 PCT/ US98/ 1BOV/YSH68T8y |
| actate containing Na and Fe ions was passed through a Gel man | CE-450[ err]
(Pall Corporation) nmedium and nenbrane 1. ZQi nmetal ion concentration in
the effluent for each nmenbrane was neasqu fter several 5 predeterm ned
total challenges of netal ion. The results are set forth in Figure 3. The
Y-axis indicates the effluent/influent netal ion concentration ratios in
percentage units. The X-axis indicates the total challenge of netal ion
([err]g). The results obtained 10 wth respect to sodium (Na) ion renoval
to are represented by hO||OM/(Uan||ed) shapes The results obtalned W th
respect to i QO ( - -
dar kened circles ([err]) |nd|cate t he results 15 obtalned mnth respect tg
iron ion renoval |by the Gel man I.CE-450[err] medium The hollow circles (o)
represent the reqults obtained with respect to sodiumion renoval by the
Gel man | CE-450[ enfr] nmedium The hol |l ow upright triangles (A) indicate the
results obtainedfwith respect to sodium 20 ion renoval rane 1 of
the present i@@erion. The darkened uprj ' di cate the
results obtained|with respect to the g val of iron ions, in the form of
ferrocene, by Merfbrane 1 of the pr nt -

o))
o

'S
o

[Effluent)/[Influent] %

20

0 1000 2000 3000 4000 5000 6000

Total Challenged Na (ug)

FIG. 1



invention. The hollow inverted triangles (V) indicate 25 the results

obt ai ned wiyfdogiggsaect to sodiumion renoval by retesting MerOraises/fi9ed the -
present invention against sodiumion renoval. The darkened inverted
triangles ([err]) indicate the results obtained with respect to the renoval
of iron ions by retesting Menbrane 1 oﬂ2¢d3 present 30 invention against
iron ion renoval. These data denpbnstrate that the nmetal ion renova
capacity of the present inventive ion exchange nenbrane dramatically
exceeds that of the Gelman | CE-450[err] medium For instance, after a total
chal l enge of 600 [err]g Na and WD 99/ 09091

PCT/ US98/ 16978 31 Fe, the effluent/influent netal concentration ratio was
virtually 0% for the present inventive ion exchange nenbrane (Menbrane 1),
whereas the ratio for the Gel man | CE-450[ err] nedium was substantially

hi gher (20%to qg&% | enges
(< 100 [err]Q). LE 8 This exanple fllustrates a nethod of prepdring an
10 ion exchange nefbrane of the present invention, wherein an aryl-nononer

and a diacid nonone Q tfe porous polyneric support fjto form
an organi ¢ noi et g

1))
o

o
o

[Effluent]/[Influent] %

N
o

Total challenged Na (ug)

FIG. 2



whi ch i ncl u¥Q94MP08% v| i ety conponent and a diacid noi ety J&TISITEA$978
Thereafter, a sulfonic acid ion 15 exchange group is introduced and
covalently bonded to the aromatic ring ob_?ﬁ aryl noiety conponent, so as
to provide an ion exchange nenbrane. An hi gh nol ecul ar wei ght

pol yet hyl ene support (3.05 mX 40.6 cm (10 ft X 16 in)) was provided and
made 20 into a roll with paper interleaf, and the roll was introduced into
a test tube. A grafting solution of styrene (10% by weight), maleic acid
(10% by weight), and nethanol (80% by wei ght) was added. After evacuating
and purging the test tube (three tines), it was irradiated at 25 anbient
tenperature with gamma radi ation at approximately 7,000 R hour for 72

hours. The ngy ith netbhvlene chlaride (U{\&fi nes) and
pl aced in a chi ojosul foniic acid Hath (3% chlorosul fonic acid by wdight in
met hyl ene chloride) for 30 mnutes. The 30 nenbrane was washed wi th high

purity deionized[water for about 30 mnutes at 80 [err]C. The resultant 7
menbrane was dri¢d by passing it through a heated dryer, and was rewound aF
a finishedshr @Qu¢+. WD 99/ 09091 -
PCT/ US98/ 1%978 32 The properties of the resulting ion exchange nedi um

o - ' - .
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wer e deternined, speC|f|caIIy basi s melght t hi ckness, critical wetting
surf.ace tension (CAST), IEC, and water flow rate. The resulting data are
set forth in Table 4. 5 Table 4 Basis Wight (g/nferr])
48 Thi ckness (pn) [m | s] 196 [7 7] CWST (nVm) [dyne/cm
- 73 [73] I EC (mol -eq/ g) ' .5 Water Flow Rate
(I/mn/kPa/n{err]) [I/mn/psi/f 0.96] The data in
Tabl e 4 denonstrate that the ioﬁnggggﬁﬁgeﬁewgygéggﬁé the present invention
. has excellent 10 ion exchange capaC|ty (IEC) per unit mass (3.5 nmol -

. eq/g). Moreover, the ion excham%ﬁ Y e et o hi gh water flow rate
Facross the nenbrane I ndicatin at, t he nenbrane ?s of sufficiently high

%flux to functlon(ﬁhﬁxﬁﬁ%ﬁﬁﬁﬁ|¥FY¢¥¥¥QR|%#F%E%¥|EatﬁﬁnéOnléxE%AREEE 9 This
" exanpl e i§| usdgndmnd fm‘xd?frfl@ﬂiéd@@ﬁspﬁpéfﬂ"goﬁaﬁécha@ﬁé geeleage of the

g t tion n from or ents _containing ions.
Pntao s davEerod TR STRIAR TR theds ahoRain thecaPlance w t h
- Exanple 8 (" Idhange Momkane ast atrdar flusiddj | asywedlr espwe sodi'um and
ferric ions ffﬁ@ﬁ@fs&méﬂe@'&oﬂ&%&ée'HﬁéOBon exchange

mambrane.

10
BACKGROUND OF THE INVENTION

Ion exchange membranes are used in a variety of
applications. Cation exchange membranes, for example,
have become increasingly significant, primarily due to

15 their application in electrochemical cells in chlor-
alkali producticn. For example, fluoropolymeric cation
exchange membranes, such as NAFION® (DuFoat), have enjoyed
widespread development as barriers separating the anode
~and cathode compartments of electrolytic cells used in

20 the production of chlorine and caustic. The success of
fluorcpeolymeric cation membranes in chlor-alkali

_ production is attributed to the ability of the membranes
. - to allow selective permeaticn of sodium ions in NaCl -
"~ solutions while rejecting chloride ions, resulting in

25 cleaner caustic solutions having substantially lower salt
content.

In addition to functioning as an ion barrier, ion
exchange membranes provide an attractive means for ion
removal. The removal of ions is important in many

30 indusctries, such as the micrecelectronics industry, where
ion contaminants in very small concentrations can
adversely affect the performance and fabrication of
microchips. For example, the ability to prepare positive
and negative photoresists with ultra low levels of metal

35 ion contaminants, without requiring the additien of

AMENDED SHEET
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A five-layer nedia disc was prepared, with each 25 |l ayer being a section of
Menbrane 2, and the nedia disc was placed®n a jig. A nethanol/organic
‘resin solution containing ions was prepared by spiking a WO 99/ 09091
~ PCT/ US98/ 16978 33 net hanol /organic resin solution with sodium (Na[err]) and
“ferric (Fe[err]) ions. The spiked solution was passed through the nedia

- disc, and bo €34 f WeLe I
~concentrati o%%%ﬁ%% gﬂ gﬁk?%%és'fjc eélmﬂeé'lgdt;gﬁ%{néiﬁ%%?\é%l %‘é?gn¥§gg8;e1%%r ations
“for the infl wsid sionepuchangs Frpm icavatenslyirkended: RhegefPuenttst ream

o were nmeasur eGhly K addie-d8TE e Ntor ML Of tHeLhObEpbPateanrEOLtHER Of

s effluent also vas, cal cul.ated. The resulting data are_set fﬁrth n Table 5.
©10 Table 5 N rioh FRCHARIE KU Fo[THS | ST 55 READEaFREPpRpS 22Y1

T (ppm I nfluendoiety copMises a polyﬁﬁﬁlic éfémazic ringf f bueht ag2@ nl)
~0.05 99.4 0.08 _. 98.9 Effluent (40 m) 0. 05 99.4

7 0. 10 o8 I RHTHRLSHS (BFf)  0.06 99. 3 0.10 98. 6 The
.data in Table 5 clZurdly ahoorsr rexafetiad témbédiment, the organic _

monomer is an aryl monomer comprising an aromatic ring

which does not have an ion exchange group covalently
16 bonded thexeto. After the aryl monomer (lacking an ion
exchange grcup) is grafted to the porous polymeric
support, an icn exchange group is theresafter introcduced
and covalently bonded to the aromatic ring of the organic
moiecy derived therefrom, sc as to provide an ion
exchange membrane. Thus, an ion exchange greoup is

§=
»

introduced to an aromatic.ring of the aryl moiety after

the aryl moncmer is grafted tc the porous polymeric

support.,

The aryl moiecty can be derived £from any suitable

20 aryl monomer comprising an arcmatic ring. Suitakle aryl
monomers can possess a single aromatic ring (e.g., a
penzene ring) or a fused aromatic ring, such as, for
example, a naphthalene, a benzothiophene, or an
anthracene ring. An aryl monomer having fused aromatic

(%)
(64}

rings can include, for example, 2-vinylnaphthalene. The
aryl mecnomer also can be a monomer capable of reacting by
other mechanistic pathways in addition to being
chemically grafted to the porous polymeric support. For
example, divinylbenzene can undergo crosslinking
30 reactions in addition to forming a graft to the porous
polymeric support. Preferxakly, the aryl monomer
comprises an unsubstituted aromatic ring, in which case
the ion exchange group is introduced teo an &romatic ring
of the aryl moiety derived therefrom, after the monomer
35 1is grafted to the porous polymeric suppcrt. Moxe
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exchange ‘nenbrane of the present invention is highly 15 effective in
renoving ions fromorganic sol vents and/ ok solutions. In particular,
~ Menbrane 2 is highly effective at renoving both alkali nmetal ions and heavy
‘metal ions. For exanple, Menbrane 2 renoved nearly 99% of the ferric ions
in solution. Moreover, Menbrane 2 renoved greater 20 ‘than 99% of the

- sodium ions. ; Jhe. peR{ R IBRERLPAnd N1 BIPIBPEL ¥PPe§OBRAB! €RE 8bnal | the
. indicated effﬁuent evels. The |1%%¥ of hgngreSEnt menbrane to_renove
“ heavy netal (DFERIRIS FEPURLFRVRIERELY BRAS ParP?ofEIRPEC: PREERYI y very
cdifficult to dexrDred foomsohetdosamyc 2bondmetrbsi ansulFonibeacithéonon
s> exchange menbrane of the pres L N | no, r e t s LQn
- renmoval capac?’firl]rfa%$%c€r?‘ﬁé' spi Ié%j g%#%ggr%git rgﬁ%oﬁéigggﬁgi %‘E? Eelsirlesent
. exanpl e wer e exciaige growssisfintppdyced, and ExpxelentdyThradedatpl e
, dermonstrates die 2hahatye 148k Odl CAEPRAGI SBYDAR0EOh LOErABISCHIy]
“invention to renove 1ons fronTaqueous solutions contalning 1ons. In This
“exanple, 5 ReRAMEDHNLBxEFRARERI nEADEERLPFEParALYNCALE0PHRROE W th Exanpl e
-8 ("Menbrane 2" ) ARy £@5t&61&Osrdasidbiiatidn hefhuva akkabie aRpabyedns
-~and heavy netal jons éron1an aqueou hxdrofluorlc acid_solution..

to introduce an ion excharge group to an organic moiety.
10 For example, a cation exchange group (e.g., a sulfonic
acid group) can be introduced to an aromatic ring, such
as, for exarple, a benzene ring, by electrophilic
chlcrosulfenation with chalorosulfonic acid, followed by
agqueous hydrolysis of the resulting sulfonyl chloride.
An anion exchange group (e.g., an ammonium salt) can be
introduced to an aromatic ring, such asg, for exampls, a
benzene ring, by nitration of the benzene ring, followed
by reduction to the amine and subsequent quaternization
with an appropriate alkylating agent. For a genexal
2¢ description of substituticn reactions, see March,

“Advanced Organic Chemistry,” Wiley-Interscience {198%).

=
w

Preferably, the ion exchange grour is a sulfonic acid
group introduced by a sulfcnation reaction.

- Typically, introducticn of a sulfonic acid ion

25 exchange group to the aromatic ring of an aryl moiety
grafred to the porous polymeric support is accomplished
by subjecting the membrana, after grafting the aryl
mcnomer thereto, to a sulfonating reagent {(e.g., a
chlorosulfonic acid sclution) under conditions whexeby

30 cthe arcmatic ring of the aryl moiety undergoes
sulfonation, to provide an aromatic sulfonic acid
species.

In the present method of preparing an ion exchange

membrane, the membrane can be treated to remove

35 contaminants, e.g., washed with high purity water to
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A five-layer nedia disc was provided in the same 10 nanner as set forth in

Exanple 9. A 0.1% aqueous HF sol ution c@taining ions was prepared by

spi king a 0.1% aqueous HF solution with known concentrations of sodi um (Na)
~and copper (Cu) ions. The spiked solution was passed through the nedi a
“.dirsc, and both the influent and 15 effluent streans were anal yzed for
-concentration of t a1z . gl | i ngcan ' for
~the influent st rearﬂfrelsaia‘néﬁz'r %@?tﬁ%%& [ u%gés)fgé ‘#%ghé‘?f %‘ﬁe%fggékgggm
. were neasured [BlA compmiaesontating of fheldorentainénghiopBuwbtbf

_effluent was g0 jhalddiith ndhordifs Wi i1 it dsdhe $BUehRILR £8 Tabl e 6.

z Table 6 Na lon 9% Renoval, . Cu lon 9% Renpva égan) . (ppm
Yinfluent — Prowidg a fluid with redugedoleR (fRrentyatipPp. Ip. oge
97 9. Opreferrdd) driiddimnt 20:Hd Jpresdntd2inventiv@8method 0.0

100 et et {0 ey, cShenng » £Eia arie R, spapenlfen | hUS (40
198 ' 0. @oncent ridr fodieabotc @ /8 )ppm Wifth the memd8ane of tBel
flOO vm)gg@ﬂ%%%ht invention to provide a fluid with a ngIGHSQ8/16978
. concentfation less than about 0.2 ppm, preferably less
10 than about 0.1 ppm of sodium ion. In another preferrad
embodiment, the present inventive method comprises
) contacting the membrane of the present invention with a
! fluid having a sodium ion concentration of about 8.4 pem
and an iron ion concentration of about 7.3 rpm, to
15 ©provide a fluid having a sodium concentration less than
_ about 0.1 ppm and an iron concentration less than about
i 0.2 ppm. In another preferred embodiment, the present
inventive method comprises contacting the membrane of the
present invention with a £luid having sodium and copper
20 ion concentrations of abcut 0.2 ppm, to provide a fluic
having sodium arnd copper ion concentrations less than
about 0.09 pem. In a highly preferred embodiment, the
present inventive method comprises contacting the |
membrane of the present invention with a £luid having a
25 metal ion concentration from about 9C0 ppk to akout 0.2
‘ ppb to provide a-fluid having a metal ion concentraticn
} less than akout 9 ppb, preferably less than about 1 ppb,
more preferably less than about 0.1 ppb.
The present invention further provides a filtration
30 apparatus for removing ions from a fluid, which can be
used in the present inventive method of treating fluids.
The apparatus includes a filter unit and a means for
passing the fluid through the filter unit. "Optionally,
the filtration apparatus of the present invention further
35 1includes a means Lor recovering the filtrate. The filtex

o AMENDED SHEET
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35 The data in Table 6 clearly denonstrat.e .that the ion exchange nenbrane
of the present invention is highly effectdSe in renoving ions from aqueous
sol vents and/or solutions. In particular, the present menbrane is highly 5
effective at renoving trace alkali metal ions and heavy netal ions in an

- aqueous nedium For exanple, Menbrane 2 renoved 100% of the copper ions in

sol ution, and 99%@%

 0. 1% HFE effluent vias L%%e?élﬁﬁyﬁ%%ﬁ?e%%ﬁé ?ﬁ%%‘%él gg r[;1at th

- and patent appidicsates the txarieaf Naconrerixatienr pbrhedefflupgr,

entireties byd efigienge. cndi{er TR | (it Sedlatn bpepcdrsagkbadivsih an 15

;ﬁenphasis on preferred enpodj nents, .it wll. be obvious t ose qf ordinary
“skill in the Bi& 3RS AHQTHRS Jhe (REGR b TR e‘ﬁgo‘aﬁﬁiﬂ ¥
~and that st igugnt ented dfEludite/ inflamninNg aroeent pat iondratheswese t han

ifically d | bed Ln., A di ngl t i ' ti i ncl ud
a1 odi {1 APGEHE AR o (AeR e 8 AeGRepBYol bRBel nventi on

F89E

Be used

-as defined byalwmladddvirgn ctarimus pre3tetermined total challenges by

Na in ethyl lactate, wherein the actual one layer system
is indicated by darkened squares (g), and the actual five

10 layer system is indicated by darkened circles (®). The
theoretical effluent/influent Ma concentratién ratios for
simulated systems having from one to six layers are
Gepicted by unfilled (i.e., hollow, not darkened) shapes,
wherein the simulated two layer system is indicated by

15 uprighkt triangles (4), the simulated thres layer system
is indicted by diamends (0), the simulated four layer
gsystem is indicated by inverted triangles (V), the
simulated five layer system is indicated by cizcles (o},
and the simulated six layer system is indicated by

20 rectangles (C).

The resulting data demonstrate that the amployment

. - of multiple layers additively increases ovexall icn
ramoval capacity. Since the curve for the actual five
layer system correlates well with the theoretical curve

25 of the five layer system, these data can be useful in
predicting the effect of multiple layers on ion removal

capacity.

EXAMPLE 7 _

30 This example compares the icn removal capacities of
a commercially available ion exchange medium with that of
an ion exchange membrane prepared in accordance with
Example 1 (“Membrane 1~).

AMENDED SHEET



R

¥ v T s g * 4 L S e T TR RITRET T e
A e I s O TR —_oﬁ’ YA bt e .

'MHAT'IS GLAI MED | S: 1. A met hod of renDV|ng metal ions from an organi c

fluid containing netal ions conprising paising said organic fluid through

.an ion exchange nenbrane to provide an effluent containing a | ower

concentration of said netal ions, said ion-exchange nenbrane conprising a

..porous polyneric support and an organic noiety to which is covalently

‘bonded at | east one ion exchange gro i said organic noiety is
pwﬁor t? 9g"

‘grafted to said porous polyneric sup
“‘wherein said organfeis| example Agherereatet the ARPHMCY of W ¥R hod of

The nethod of claiml,

cclaim2, wherghinsahd RbRbLARE 5 B Lﬁfé&bﬁ@mwmlmet@rrém\ee sodwent s

"ﬂselected fronlthe foup consj st i of neth et el hy
ﬂ,ethoxyproplon’{-a.’f'%m % FoP ?%n§°£?§f srﬁﬁ?ﬁ?ﬁ% g%%?%teoﬂ%EYaﬁﬂo?xa%%HF@thyI
" lactate. 4 aTé&tbehhexchings ynafibrdes nerdpBredinin eams:adainaemitm ons are

oo Rar hedptelF! fiedBhagt ot R eaig Rt oI MO IBLEE &b D,

" The nethod ofrenaven alkahbreetakaienseand Jefey mecal ions from an

aqueous hydrofluoric acid solution.
A five-layer media disc was provided in the same

10 manner as set forth in Example 9. A 0.1% aguecus HF
solution containing ions was prepared by spiking a 0.1%
agqueous HF solution with known concentrations of sodium
(Na) and copper (Cu) ions. The spiked solution was
passed through the media disc, and both the infliuent and

15 effluent streams were analyzed fox concentration of metal
icns. The sodium and copper ion concentrations for the
infiuent stream, and for particﬁlar volumes of the
effluent stream, were measured by AA. The pexcent
removal of the ions for each volume of effluent was

20 calculated. The resulting data are set forth in Table

-

©.

Tabie &
- R TI8R % Removal | ou 10D ¥ Removas
{ppm) (ppm)
IRtluent G.86 - 0.90 =
Effluent (10 ml) | 0.03 97 0.0 100
Effluent (20 ml) 0.02 98 : 0.0 100
BEffluent (20 ml) . 0.03 87 0.05 L
Effluent (40 ml) 0.01 89 0.01 99
BEZfluant {50 ml) 0.02 98 0.0 100
EfZluent (50 ml) 0.01 9% 0.0 . 100
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are ions-of. one or nore netals sel ected .fromthe group consisting of Ca,

Cu, Fe, Na, and Zn. 6. The met hod of any of clains 1-5, wherein the
~concentration of nmetal ions in said organig fl ui d+s—about—02-900 ppb, and
the concentration of netal ions in said effluent is 9 ppb.
7. The method of claim6, wherein the concentrati mﬁﬁm‘wmﬁml n said
effluent is |less than about 1 ppb. 8. The et hod N, kein the
~concentrat i oWHNT &t ALAIMEP iL¥:said effluent is less than about 0.1 ppb. 9.
. .The nethod any of clains 1-5, wherein said organic fluid contains Na ions,
the concentration lof N imefthad cfaixemeving aetiad dons FXMAD W/HILLE. 4
..ppm and the concentration of Na ions in said effluent is |ess than about
%0.1 ppm 10. flha dretdmchiofi renymenfalc Longs cenpriviagepassang sagdnic fl uid

" contains Fe ions, the concentration of Fe ions in said organic fluid is at
nost about 7 o¥kgaiiic @ldildeneowbnehationnesthEageonambranai doepbuéde is
less than about 0.2 ppm 11. The nethod of claim 10, wherein said organic

~fluid containg REdREht ¥ GAER hat bR rObohReniatidbn of38asdl dethlani c
“fluid is at nost about 20 ppb, and the

ions, said ion exchange membrane comprising & porous

polymeric support and an crganic mciety to which is
covalently bonded at least one ion exchange group, wherein
said organic moiety is grafted to said porous polymeric
suppcrt.

2. The method of claim 1, wherein said organic
fluid is a photoresist solution.

3. The methcé of claiﬁ 2, wherein said photoresist
sclution comprises one or more sclvents selected from the
group consisting of methyl-amyl ketone, ethyl-3-

- ethoxypropicnaﬁe, propylene glycol methyletheracetate,
methanol, and ethyl lactate.

4, The method of any of claims 1-3, whexein said
metal ions are ions of one or more metals sslected from
the group consisting of al, Ca, Cr, Cu, Fe, Fb, Mg, Mn,

Ni, K, Na, Sn, Ti, and Zn.
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concentrati.on of Fe ions in said effluent IS Iess—?ﬁaﬁ_EBBUT‘Q*ppb——&Z The
nmet hod of any of clains 1-5, wherein said organic f and Cu
ions, the concentration of Na and Cu iong<n said o’rmm E'ﬁ‘"m ,@ﬁft nost
about 0 . 9 ppm and the concentration of each of hb?an sai d
effluent is less than about 0.09 ppm 13. The net hod of any of clalns 1-12,
- wherein the concentration of. netal ions . in said effluent is at_|east about
"99% | ess than t he Toncéhe RGtPDHLEELIM dns WERTEIAY s&r‘&aH‘FEaﬂ'l aPes 14.
“ The nmethod of any of clains 1-13, wherein said porous pol yneric support
conprises a paleydlars wf PRe orhamowet metads Epirrred LWRWr EPA 9BHPWP
~polyolefin is ultra high nolecular weight pol yethylene. 16. The nethod of
Lany of clai nechslifstangerd €asaicu, oFganNe, mehdt §nconpri ses an aryl noiety.
“17. The nethod of claim 16, wherein said aryl noiety is a styrene noiety.
7 18. The nethod ofg cl aiThel metthad/ ofWageiof sdiadwer daisi, c wiiairetiyn thet her
- conprises a diacid noiety derived froma nononer of the formnula: [err]
“wherein R er doredtrddilor ot maeapendant iy Hai€l srghnEkerihial kyl abit

0.2-900 ppb, and the concentration of metal ions in said
effluent is l=es than about 9 ppb.

7. The methed of c¢laim 6, wherein the concentration
'of metal icns in said effluent is less than about 1 ppb.

8. The methed of claim 7, wherein the concentration
6f metal ions in said effluept is less than about 0.1 ppb.
9. The metncd any of claims 1-S, wherein said
organic fluid centains Na icns, the concentration of Na

iong in said organic f£luié is at most about 8.4 rpm, and
the cecncentration of Na icns in said effluent is less than
- about 0.1 ppm. |

1¢0. The methced of anvy of_claims 1-5, wherxein said
organic fluid contains Fe ions, the concentration of Fe
ions in said organic fluid is at most about 7.3 ppm, and
the concentration of Fe ions in said efflﬁent is less than
about 0.2 pem.

11. The method of claimllo, wherein said crganic

fluid contains Fe ions, the ccncentration of Fe ions in
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=hhenyl,'and"at | east one hydr ogen atom on said C[err]-C[er;] al kyl or said
phenyl is optionally substituted with at |east on IN) ' ected
fromthe group consisting of F, O, Br, ag OH aﬂm mI““llfmuﬂ r fromO
t'o 2; an ester thereof, or an anhydride thereof. 19. ¢The retRod*of claim
18, wherein nis 0. 20. The nethod of claim 18 or 19, wherein RL and R2 are

~H 21. The nethod of cl.aim.18,, wherein said, aryl ety co | ses a benzene
ring to whi ckais oxeaRdm Fluisndsqak gﬁﬁgoﬁpeugc?gDPBh'eieﬁzﬁb@ group, and

- said diacid noiety is derived fromnmaleic acid.,_ _22. The nethod of any of
claims 1-21, eumseditraddion ofnFexdnasgangsaif eSLAUSRAEI 88 &RE8FAaRBB2gr oup.

.23. The nmethod of claim?22, wherein said cation exchange group is a

.. sul fonic aci dibout 2 ppb.

12. The method of any ¢f claims 1-5, wherein said
organic fluid contains Na and Cu ions, the concentraticn
of Na and Cu ions ia said organic fluid is at most about
0.9 ppm, and the concentration of each cf Na and Cu ions
in said effluent ig lese than about 0.09 ppm.

13. The methecd of any of claims 1-12, wherein the
cencentration of metal ions in said effluent is at least
about 929% less than the concéntration of wmetal ions in
said organic fluid.

14. The methed of any of claims 1-13, wherein said
pcxous polymeric support comprises a polyolefin.

15. The method of claim 14, wherein said polyclefin
is ultra high molecular weight polyethylene.

16. The method of any of claims 1-15, wherein said
organic moiety comprises an aryl moiety.

17. The method of claim 16, wherein said aryl moiety
is a styrene mciety.

18. The method of claim 16 or 17, wherein said
organic moiety further comprises a diacid mpiety derived

from a monomex of the formula:

[y

LM

—
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wherein R* or R® are independently H, C,-C¢ alkyl, or
phenyl, and at least cne hydrogen atom on said C;1-Cs¢ alkyl
- or said phenyl is optionally substituted with at least

one substituent selected from the group consisting of F,
Cl, Br, and OH; and n is an integexr from 0 to 2; an ester
thereof, or an anhydride thereof.

19. The method of claim 18, wherein n isg 0.

20. The method of claim 18 or 19, wherein R* and R?

are H.

21. The method of claim 18, wherein said aryl
moiety comprises a benzene ring to which is covalently
bonded a sulfonié acid ion exchange group, and said
diacid moiety is dexived from maleic acid.

- 22. The method of any oflclaims 1-21, wherein said
ion exchange group is a cation exchange group.

23. The method of claim 22, wherein said cation

exchange group is a sulfonic acid.
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