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The presence of impurities like tertiary amines can degrade pharmaceutical
compositions. Impurities formed as the result of degradation of various components
in the manufacture of pharmaceutical compositions, coating materials, or cleaning

solutions may also need to be removed before their final use.

A process of making microporous ion exchange particle filled UPE
membranes is described in US 5,531,899. Purification of process chemicals using
media such as ion exchange resin beads and radiation grafted microporous and non-
woven polyethylene membranes with cation exchange groups are described in the
following patents; JP 2003-251120A, JP 2003-251118A, U.S. 5,350,714, U.S.
5,550,127, and U.S. 5,962,183. Mixed bed ion exchange columns used for

purification of water typically requires large volumes of resin material and produce
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articles that utilize one or nore types of exchange
casicsuli m comgh pressedrgor ous nenbranes. The articles
can for exanple utilize a m xture of exchange resins
that can include but is not limted to one

Surface modified cation exchange membranes for water and hot water

U

purification are incapable of removing anions and anion complexes, thus causing
inefficient purification. These types of membrane can also be less stable due to the
long term effect of the heat and fluid on the surface modification or functionalization.
The combination of heat and fluid can lead to breakdown of the base membrane and
loss of functional groups with subsequent leakage of contaminants from the
membrane. Thin, surface functionalized microporous polymeric membranes may be
highly susceptible to embrittlement especially when used at temperature of about

80°C or higher in water over prolonged periods of operation.

Electrodeionization membranes are ion permeable but do not allow fluids to

flow through them.
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Embodiments of the present invention include articles that can utilize layers
of exchange resin in one or more porous membranes. The articles can utilize a layer
of cation exchange resin and a layer of anion exchange resin in one or more porous
membranes. The article may include separate layers of porous membrane, each layer
separately including an exchange resin, like an anion or cation exchange resin,
distributed in each of the porous membranes. The exchange resin containing porous
membrane can be used to remove anjonic, cationic, amphoteric or any combination of
these charged impurities from a fluid. The impurities can be charged colloids,

charged complexes, charged polymer, charged oligomers, charged particulates or any
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Impurities in the water at a flow rate of about 10, 000
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pRbLg of ﬂ;eelbmcofnpammanglee fleidian a caamperitnienef apoutBISC or less. In
g)enr;r‘eo én%goedlgnaegts ﬁne one or more layers of exchange resin containing porous
membrane can be characterized by removing ionic impurities from a feed of liquid
water having anion and cation impurities, and provide a treated fluid having less than
about 10 ppby, of anion and cation impurities in the water at a flow rate of about
10,000 to about 15,200 cm’min™ for a specified or fixed area and pressure drop for
each membrane at a temperature of about 80°C or less. In some embodiments, the
one or more layers of exchange resin containing porous membrane can be
characterized by providing water containing less than about 10 ppb,y, of iron,
aluminum, copper, calcium or any combination of these impurities in the fluid at a

flow rate of 10,000 to about 15,200 cm®min™ for a specified or fixed area and

pressure drop for each membrane at a temperature of about 80°C or less.
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penbiranss tqmrodﬁcq d8gid having less than 10 ppbyy, per milliliter of charged

impurities in the fluid. In some embodiments, the charged impurities may include

—

those comprising iron, aluminum, calcium, copper, or any combination of these
metals. In some embodiments, the charged impurities may include those anions such
as but not limited to chloride, acetate, formate, or other anions. Optionally, the filtrate
treated by the layers of exchange resin in one or more porous membranes has fewer

particles than the feed fluid, the particles removed by sieving filtration.

One embodiment of the invention is a method for purifying a fluid that can
include the step of flowing the fluid through one or more porous membranes that

provide at least two types of different exchange resin. Each resin removes material of



netals. In sone enbodi nents, the charged inpurities

may i nclude those anions such as but not limted to
wohbaroeda9 acetate, formate, or other ani ons. PCT/US2006/032129
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to remove impurities. Embodiments of the invention can also provide a small hold up
volume and lower pressure drop compared to conventional ion exchange packed bed
column. Embodiments of the present invention can provide a smaller footprint, lower
pressure drop, and use less material than ion exchange columns which typically use

large quantity of materials and can produce high-pressure drop under high fluid flux.

Embodiments of the invention having two or more types exchange resin in one
or more porous membranes can provide an essentially flux independent removal of

charged impurities captured by the resin at flow rates of from about 1 to about 10
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These and other features, aspects, and advantages of the present invention will
become better understood with regard to the following description, appended claims,

and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the theoretically calculated removal of impurities from the feed

fluid in a recirculation bath and data on the removal of ionic impurities from re-



drop and greater renoval of charged materials from

flui ds above room tenperatures conpared to surface
woudi7iozeds menbr anes. Additionally, the capacit yCcams2006/032129

strength of the present resin containing porous

menbr anes at tenperatures abgve room tenperature can

be greater t han ot her nenbra es t hat have been surface

f.un ion z T es and .ot feat ur.es asp i
ilediae Gt rdnRg, SRRk iRt RRolEBRE Becf Bt
r@ﬁdeﬂsrf@qdaxm (B) reRe7d1 @f Fe flbhesdod waxet.ng descr i ption,
appended clai s, and acconpanyi ng draw ngs. BRI EF

DESCRI PTI ON OF THE IDRAWNGS FIG 1 ShOWS t he f
h it
et 162t LA SRRl A Pl B e

figdy akechculation bathpd dathiog shd feprovabef ibaidlimpedtivwian rat
8OC through a surface functjonalized cation nenbhrane

- Wty at- Enbwisinggn embodimant pahenerspEnVeftiondayingdayers
cﬁ%gc @E?snf n%ne%rm oJoH?m%Hﬁ)? g'f?rau' %Mwaﬁﬁgﬂ the

renova ur|t|es rom t
Waicn,andr(E)menhﬂahﬁandhmatar on the renoval of ionic
impurities fromrecircul ated water at 800C using an
enbodi nent of the present invention having |ayers of

exchapgg. 3 giws dafa G 2mTRI 8 RAFPME frBRIRE 828 Fui @At 80°C inlet
(A) Al renmoval fromthe water, and (B) Fe renoval from

to o ®E Mere rersnriﬂl@ BN embranescathen exshengsl andfanion exchange)
”ﬁt er{ﬂczr% or&?s:"ﬁl 1sE1$o%%of lrrijem?%% (@S ?c c?(l? tforegéigga%{ Al, and

mor'e red porous e

@)d}mﬂc@u,exchange) and a m croporous flow

di stribution nenbrane (0.45 micron) for: (A Fe and
Al, and (B) Ca and Cu. FIG 4A shovvs data for the

renoviGofa lsﬂ&}vscda{tm&ﬁﬁ‘ﬂeﬁr%v&f exc g nitfestrdm B3t D125 ¢

room tenperature using ayers nge resin
Hatiaatiroovhaemperatiire using layers wb eechangotesim(eatiorearden) ifbfie or more
4B shoms the stability of the ion exchange capacity of
ROTRUSTPERPTABAbr ane of the present invention conpared to

a surface nodi fied menbrane in hot water,

FIG. 4B shows the stability of the ion exchange capacity of a cation membrane
of the present invention compared to a surface modified membrane in hot water,
similar ion exchange stability would be expected for membranes containing anion or a

mixture of anion and cationic exchange resins (or other mixtures of resins).

FIG. 4C illustrates the essentially flux independent removal of an impurity
from a fluid stream by a membrane containing cation exchange resin (essentially flux
independent removal of an impurity from a fluid for other charged or ionic impurities
would be expected for membranes containing anion or a mixture of anion and cationic
exchange resins (or other mixtures of resins)) compare to a surface modified
membrane (squares) that shows a flux dependent removal. Resin containing
membranes showing less variation in impurity removal with flux compare to the
surface modified membrane over a similar range of flows for the specified membrane

area may be referred to as exhibiting essentially flux independent impurity removal.
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that remove different charged impurities incorporated into one or more porous

membranes.

FIG. 7 illustrates an embodiment of the invention where porous membranes
containing different exchange resins are in fluid communication with one another

fluid containing charged impurities, that are removed by the membranes.

FIG. 8 is a graph showing the effect of resin particle size in the membrane on
sodium retention performance in the presence of competing copper ions. The graph

also compares the efficiency of dual layers to single layer of 10 micron particle filled



| am nation, bonding), the resin in each porous
menbrane can be considered as a layer; (C two
wdizbd7anend | ayers of ion exchange resins in a poTms006/032129
menbrane, the resin |ayers can be optionally separated
by a regi on of porous nenbraTg (D) illustrates one or
nore types of exchange resin, “for exanple a nmixture of
ex&&gnce resin A and resin B, that renove different
B 58O/ e or por at ed i nto one or nore
por ous nenbranes FIG 7 illustrates an enbodi nent of
the invention where porous nenbranes containin
di f f eFEm iexeiephghowing sodivan eetfi:ntlonlmrfdrmmmum tg%xpte@q:nce ofa

L BRSPS b o RO 8551 RS fron

sﬁmmﬁgehﬁalfﬁﬁfmhb@ﬁest esin particle size in the
menbrane on sodiumretention perfornmance in the

presence of conpeting copper ions. The graph al so
conmpares th T §rP C%E EIN&AE e | ayer
of 10 m cro%)]%gjgu C ﬁﬁ? g@n&%@ on sﬂ%
retention. FIG 9 is a graph showi ng sodiumretention

b TR R R
FhddrQBoPihgt t%%zﬁ GRt TRGHeH 16 the PRRTRILAR @Sm Qﬁt-f&lé—ﬁgthodologles or

DESCRI PTI ON THE | NVENTI ON Bef or e t he present
pioigrods desenhedassdhesstrhaidvarsy & islelse t bewnderstoadsthathpe

nder st t.he limte t he. ticul ar
KRS0l Mthe S no0 108" e wlisiE obfes- BB bftoQ
vhreidas oPymb@ivients onlys aid Baot Hiidided ekmsttbetlsddpatwHidtewill be

term nol ogy used in the description is for the purpose

Bﬁn@é§6b”b”h§amﬁ@dﬁb?ﬁW@UIar versi ons or embodi nents
only, and is not intended to limt their scope which
will be limted only by the appended clains. It nust

al so demnsttadg ltel"r&itech&ameﬂe&lhereinrandrid theraptphmddpﬂmnﬂeme
clainms, the sjngula nal

SIREVEGErEE (3 al A & é‘?ﬁ: éﬂﬂmlf‘eglgratl ﬁ%eréam @%?SS&?%WW clearly

Qic@ité&:t(ﬁﬁer%slée LS For iihle, rOfrea¥ e Soell” &f aefe%i&‘fcettg offe or
"cel " is a reference to dne or nore cells and

apue vAdlsend squikaeris thexendkmowo to Hoseskiled ingthie ani, arfdesodptth.

%rr]l?esg 8etf11{)erdtotc]herwise, all technical and scientific terms used herein have the same
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the practice or testing of embodiments disclosed, the preferred methods, devices, and
materials are now described. All publications mentioned herein are incorporated by
reference. Nothing herein is to be construed as an admission that the present

disclosure is not entitled to antedate these references.
"Optional" or "optionally" means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where

the event occurs and instances where it does not.

Several metal ions, for example Fe and Al, can exist as oxides in water and
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be also determined using ICPMS.

The two or more exchange resins in one or more porous membranes can
provide a treated fluid containing less ionic impurities than the fluid containing the
impurities that was initially fed into the membranes. In some embodiments the
impurities are removed at a temperature of about 80°C or less. The two or more
exchange resins in one or more porous membranes can provide a fluid containing less
than about 1000 ppb of ionic impurities at a temperature of about 80°C or less. In
some embodiments the two or more exchange resins in one or more porous

membranes can provide a fluid containing less than about 100 ppb of ionic impurities
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pressure drop of about 8-10 psi or greater at fluid flows of about 3 to about 4 gallons
per minute (about 10,000 to about 15,000 cc/min). In contrast, an article that includes
a porous membrane containing anion exchange resin and a porous membrane
containing cation exchange resin can be used to remove an equal or greater amount of
charged impurities from the same fluid with a smaller differential pressure loss, for
example about 3 psi or lower, at a flow rate of from about 3 to about 4 gallons per

minute.

One embodiment of the invention provides an apparatus and a method for

treating a fluid containing anionic, cationic and suspended particulates. The apparatus
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The two or more exchange resins incorporated into the one or more porous
membrane can have a loading that provides useful capacity and a stable membrane for
its intended use (integral membrane, chemically resistant, does not release captured
impurities). In some embodiments the resin loading in the cast porous membrane can
be from about 50 to about 90% by weight, in some embodiments the resin loading can
be from about 80 to about 90 % by weight for higher exchange capacity, and other
embodiments the resin loading can be from about 50 to about 80% by weight for
greater membrane porosity. Although the two or more types of exchange resin
incorporated into one or more porous membranes can be used in a variety of

chemically compatible fluids, the capacity of the resin containing membrane can be
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smaller pores can provide better particle retention and improved kinetics of retention

for impurities by the resin in the membrane. In some embodiments the pores of the
membrane can retain particles of less than 2 microns by sieving filtration. In other
embodiments, the particles retained by the resin containing membrane can be less
than 0.5 microns. In some embodiments the layers of exchange resin is in one or

more microporous membranes.

The layers of exchange resin in one or more porous membranes may be used
to remove charged materials from chemically compatible fluids. The charged
materials can be dissolved ions (for example cations and anions including but not

limited to calcium, iron, aluminum, sodium, copper, chloride, acetate, formate, or
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@$purities. In some embodlments the temperature of the fluid may be about 100°C or

lower. In other embodiments temperature of the fluid can be about 80°C or less, and
preferably the temperature of the fluid can range from about 20°C to about 45°C.
Temperatures below room temperature can also be used, for example dilute solutions
of ozone (or inert gases) dissolved in water at temperatures less than about 20°C can
be treated with such resin containing porous membranes to remove impurities from

the water.

In embodiments where exchange resin for removing a like charged impurities
is in different layers, as illustrated in FIG 6. (A-C), the order of the layers of different
resin separated by a porous membrane, or the order of layers of porous membrane

containing different resins is not limited by whether the anion exchange material
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coatings, solvents, buffers, spin on dielectrics,
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be treated with the two or nore exchange resins in one

or nore porous menbranes to reane charged materials
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e porous nertbrane t cation exc
ofeftvdd cad becnueedits thdleousingl d first. AI so, al though the
anount of the two or nore exchange resins incorporated
into the cast nenbranes can be the sanme by wei ght or

by capagielin of hitHef phficuldfcRitefiflih@pdraRa kiR JRBuSREmbrane

greater than O percent are
for removing charged material from a fluid preferably has a high surface area and can

be a solid, porous, layered, or any combination of these. Throughout the specification
and claims the term resin will refer to any material incorporated into the porous or
microporous membrane whether the material incorporated is organic, a polymer,
inorganic (clays, zeolites), a ceramic, silica, a modified or functionalized silica or
other similar material. For porous resins or other material, preferably the pores are
comparable to or larger than the pores of the membrane. In some embodiments the
pores of the resin are about 50 to 150 microns. Prior to incorporation into the porous
membrane, the resin may be treated to remove any harmful ions or other materials
bound to the resin. For example, for cation exchange resins, any metals bound to the

acid groups may be removed by treatment of the resin with high purity hydrochloric
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can be used with a downstream porous nmenbrane with

about 25 %of first type of_ﬁgton exchange resin and

15% of a second type of anion exchange resin in a

secan I.ous . menbr b i ght may.b d.

8BRS PR R B o or R BB 1B R omms or
highed AlberfiveBs thewhémbiahes ¢odgdifling @Y 1@kiAinigy RAEB&tferated for
menbr anes can, be provided. This structure can be

peae withiap agidl apdspidebleflyshingut or and can i ncl ude

baffl es, a valve, or an optional third |ayer of porous
menbrane that can be positioned followi ng the resin

fill eThposmus ameixiuraésxchangoiekial cad beaispereied i thegdicdus

the liquid flow T third | ayer. of, nbr ane na .
RGO TRAIET Q6 b0 TP e BB REHIP ZRA fsin to the

PERRY BreRibhRE nhdiRili ties fromthe fluid such as trace
organics or other inpurities. The structure for

distributing the flow of fluid can be fixtured to the
housi ng. The resin or her. particul ate material .
noor RarataueEeemAe oroues PR iPa irns0 prgecls flled
Urargetbiandsds tedcribe@m .9, 553,300 efedrai incoigstated i Blentirety
surface area and can be a solid Wgorous, |"ayered, or

g thinapliggitandty referenses &n sorne embednentsike exshange resiniipane or
j ' il r r ter]

£t St Bt et Biint Sy EGbAd e or o el h AN BB
iﬂn}atdbeanibﬂ[ie graaipe bowdd ﬁoﬁh@fdﬁﬁf mlht_edlebfe qrigad)ilike hgdrogen ions,

0 ey, .1 Nnorga crays, zeolites), a.ceramgcg, .
Eﬁ ﬁ?&ﬂ%ﬂ%&ﬁ%ﬂ%ﬁ- SR FesEt can [ncdidesilivpifer
ﬁthPhﬁ{ic,'@fb%&yl?é and:&ﬁe@&'icp%r%ugseacs' W1 N mBkhes idthideld Bbse
pre npar abl an

erably the pores are c e to or larger t
gioup$ o xenpdés aftome ve Moratypes dhcationexelrngel rasestsaitdiie for

i e e e B
DRIOTE EL® €24 330arid0C- 46 0P sBdm TRywekU A MBPRLPIE® s such as
materials bound to the resin. For exanple, for cation

BEALABE-§%IRE0, By-508: andsCH46d ien exshange raginelfrgmdiqen and

me ' it h . hi.gh
BB Ok Y o R ATE el f B8 by B e
pefeiblp @ohingboat 2%sb abowti 11696 ffr impruved #rRAalMMbiBtyQind better

hi gher. Alternatively, the nenbranes containing the
PNt AN pesinsdfatase Broge gty cross lnked.

The exchange resin in one or more porous membranes can comprise one or
more anion exchange resins which can include but is not limited to those primary,
secondary, tertiary amine based resins, or other cationically charged material, having
a counter ion, preferably including a hydroxide counter ion, where the hydroxide is
introduced into the fluid during the exchange process. Anion exchange resins can
have structurally bound quaternary ammonium hydroxide exchange groups such as
polystyrene-divinyl benzene resins substituted with tetramethyl ammonium
hydroxide. An example of one or more types of an anion exchange resin that can be

used in embodiment of the invention is crosslinked polystyrene having quaternary



exanple with an acid and suitable flushing. The resin

or a mxture of exchange resins can be suspended in
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functional groups on the resin to the porous nenbrane

material. A process and exang es of making m croporous

ion exchange particle fille PE menbranes is
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oecl)ﬁSH @Q&%ﬂég st Jaﬁ%%v&@cndlg %roups while the anion exchange resin can have
hydroxide exchange groups. The combination of exchange resins yields counter-ions
that can form water or another benign compound in the liquid treated by the exchange

resin containing porous membranes.

The various exchange resins can be incorporated into non-fibrous, cast,
microporous membranes by mixing one or more exchange resins with a polymer and
casting or extruding the mixture into the desired form of the membrane. Membranes
may be formed as flat sheets or as hollow fibers. The powdered adsorbents or
exchange resins can be impregnated into the membrane base and the membrane
produced by a casting process, for example air casting, melt casting, or immersion
casting or other suitable membrane forming process that results in a porous membrane

having a sponge like structure, preferable a microporous membrane. The porous



used in enbodi nent of the invention is crosslinked
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under the trade names AMBERLYST(r), A-26-CH by Rohm

and Haas Conpany, DOW Gb1l- by Dow Chem cal Conpany,
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membrane, stacked disc device, tangential flow, or hollow fiber configuration. A
third layer containing an open microporous membrane, for example but not limited to
0.45 microns, can be included to provide a uniform flow distribution for improved

kinetic performance.

The following examples will serve to illustrate various embodiments of the
present invention, but should not be construed as a limitation in the scope thereof.
One skilled in the art will appreciate that although specific reagents and conditions are
outlined in the following examples, modifications can be made which are meant to be

encompassed by the spirit and scope of the invention.
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por ous nenbrane havi ng a sponge |ike structure,
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theoretical rate in 80°C water was observed suggesting the combination of both layers

remove the material from the water.
EXAMPLE 3:

In the third experiment, three layers of 47 mm disks membrane were
configured as follows: a cation exchange resin filled UPE membrane layer, an anion
exchange resin filled membrane layer of current invention, a microporous (cationic)
0.45 micron UPE membrane layer. (Alternatively a 0.05 micron sieving filter could
be used.) This configuration of membranes was evaluated at a fluid flow of about 20
ml/min of 80°C water. A flow through experiment was conducted and the results are

shown in FIG. 3(A) and FIG. 3(B). These results could be scaled to a flow of about 3



One skilled in the art will appreciate that although
specific reagents and conditions are outlined in the
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(Alternatively a O. 05 m cron sieving filter could be
used.) This configuration of nenbranes was eval uat ed
B }FBidd f1ow of about 20

In this example, a feed containing 123 ppb of copper ions (competing ion) and
214 ppb of sodium ions in water was passed through a 47 mm disc membrane at a
flow rate of 40 mls per minute. The membranes made with 40 micron and 10 micron

particles are used for this evaluation.

The graph shown in FIG. 8 is an example of the effect of resin particle size (40
micron (triangle) vs. 10 micron) in the membrane on sodium retention performance in
the presence of competing copper ions. The graph also compares the efficiency of
dual layers (ovals) to single layer (square) of 10 micron particle filled membrane on

sodium retention.



m/mn of 800C water. A flow through experinment was
conducted and the results are showmn in FIG 3(A) and
wohw7/034@y. These results could be scal ed to arChmws2mb/032129
about 3to about 4 gallons per mnute (about 15,200 cnB
mn 1) through approxinately,40,000 cn2 area for each
menbrane to provide a simlar pressure drop and
éw o:t0 less than about 10 rpbv/v, of inpurity. The
results are shown in FIG 3(A) for Al and Fe, and in
FIG 3(B) for Ca and Cu. The results indi cat ed renoval
v%qdlonsmho wat er \VPLE 4 of
; em) I TRSEUAPD Y el OgtuctPyssia p@rt@éenﬁ Hgsl membrane is

BeRlethiaR 20 sittoh reaﬁg)%fewmeh Iﬁaﬁsraﬁé ﬁ%s@ H&Qg %gt {he claim that

peroxide, 1 part of 30% amoni um hy

ipencassdohirface @eg of de partielts fipmyeg allsoﬂptmz)lmﬁ{ﬂc Jpeditmance of

spi ked with selected nmetal ions was eval uated. (The
unt of water in various SC mxtures used in

sem conductor processing can range from1 to about 30

ﬁarts the anount of 30% ammoni um hydr oxi de can range

ddb0t 1 to about 5 parts). The absorbent nedi um

was three layers consisting of cation/anion/O0.45

m cron m croporous nenbrane of current invention and

r esul Ingh@regampley féed chbhi@ininy 12Bspb @ovbpar ibicindad1€ ppbaif
, Cu, and Al materials can be renoved from such a

Yorliry IongEnRyBleE Vs PPﬁSE’@? freushingmbrane at £@ayls permEiuts. nthe

&&ﬁts&?@n&ﬁna@i‘%@@ﬁiahﬁ@é1()*39{{1118% é ng ion) and 214 ppb of

sodiumions in water was passed through a 47 nmdisc

menbr ane at a flow rate of 40 ms per mnute. The

menbr.anes E}Omcron and 10 mf:r n particles

are USEPRE RORILnIGH 9% § P SR AR S eiepton
serfoSmaiit e AN lpfesbiiceldTq cBpBEhg Rh sLES hsﬂc@?&t hﬁd)r?so?lhlﬁﬁ loading
(40 micron (triangle) vs. 10 m cron) nbr ane

beiwesch Amicren Gatifl shcisk r4lomiraers epien cxrhle) pReé S@ﬁ@é nggfdified
The graph al so conpares the
I{é‘l?‘g?%%%yn@y o&%‘%?é#&iéyers (gvaios) to si ngPe | ayer

(square) of 10 micron particle filled nenbrane on

odi um ret enti on. Concl usi on:
onclusion;

In this example the data compares three different membrane substrates
including the surface modified membranes. The Na retention of the surface modified

membrane is worse than the 40 micron particle membrane.

Although the present invention has been described in considerable detail with
reference to certain preferred embodiments thereof, other versions are possible.
Therefore the spirit and scope of the appended claims should not be limited to the

description and the preferred versions contain within this specification.



Sodi umretention performance of 10 mcron resin
particle filled nenbrane is better than 40 m cron
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claimthat increased surface area of the particles
i nproves absorption kinetic_performnce of ions.
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i.rcle). nclusion: In this exanple the data conpares
@%éﬁ@§éﬁﬁgg§@ﬁ@oﬁﬁﬁﬁPﬂﬂ@a@?bstrates i ncl uding t he
surface nodified nenbranes. The Na retention of the
surface nodified nenbrane is worse than the 40 mcron
bar t i Hearideabf elain 1 Avhanetyhot therepxelange résimsant imsephate
1 described in considerable detail with reference
0 certain preferred enbodi ments thereof, other
versions are possible. Therefore the spirit and scope
appended cl aims should not be limted to the

of th ( _
Hescr 'ehﬁtaff?ﬁ%? ghefaioné Vet e twe oy Bross BrsotmAKeaxaharige iesins are
ih BgarPE6iohs fRLHPALSLAI M5 1. An article conprising:

two or nore exchange resins, the exchange resins in

one or nore porous nenbranes, the exchange resins

4 PO et g 4 e b P et Seped gsee comprises
chkrlged totis Chafd el 031161 4 GHafb el WartRiesNOY @nfbiE RS SudiGihd Bese in

are in separate |ayers.
the fluid that contact with the porous membranes.

5. The article of claim 1 where the membrane further removes particles from the

fluid by sieving filtration.

6. The article of claim 1 wherein the membranes are characterized by providing a
treated fluid containing a lower concentration of ionic impurities at a temperature of

80°C or less than a feed fluid.

7. The article of claim 1 where the membrane is a cast membrane.

8. The article of claim 1 further including a flow distributor that is a microporous
membrane.

9. The article of claim 1 further comprising a housing, the membranes fixtured to

the housing, the housing has an inlet that provides a fluid to the membranes and an



3. The article of claim1l where the two or nore two or
nore exchange resins are in separate porous nenbranes.

wa 2007e4@pticl e of claiml1l where the material ®€T/US2006/032129
di fferent signed charge conprises charged ions,
charged col | oi ds, charged QgﬁLicles, or conbi nati ons
including these in the fluid that contact with the
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sieving filtration. 6. The article of claim1 wherein
t he nenbranes are characterized by, providing a_treated
10 Ui heemeEAtys iRy traaty stegerccomrisingdhe gticlepficlaim 1.
impurities at a tenperature of 80C or |less than a feed
fluid. 7. The article of claim1l where the nenbrane is
14. cast substrhte dizeted By thhepmratucodfeclaim .aim 1 furt her
including a flow distributor that is a m croporous
menbrane. 9. The article of claim1 further conprising
12. houshResstived FBABA BRaRe driidt WF Bldinh @ HaliRgheud $ha20l000Rb(v/v)
housing has an inlet that provides a fluid to the
ofeerieadlyebargad impwilyl et for renoving fluid fromthe
housi ng treated by the nenbranes. 10. An apparatus for
treating substrates conprising the article of claiml.
181. Alrybsdesaflaidtor eRfiad 2byhdréia tipioalcdinpariof caehmises #On,
12. A praocess fluid treated, by the article of claim1
ahEYInHEL PReiEm; ReRpPeLOWAnE SembmRion el theis cal |y char ged
inmpurity. 13. The process fluid of claim12 wherein
the ionic inpurity conprises iron, alum num calcium
ldoppélhe anticlanfclaimrb ihaeing arthiod poloesmembdaneThe articl e
of claim1l having a third porous nenbrane. 15. A
method for purifying a fluid conprising: flow ng the
1fsl Ui da LREHIAGEr PREYRI IE cBRpAkBgTENDr anes, the

menbr anes conprising two or nore exchange resins that
r enovilesvipgtheriivad thepughi ériecoranere potpus ipeprhrates, fhiemegnbranes

comprising two or more exchange resins that removes material of different sign from

the fluid.

16.  The method of claim 15 where the resin in the porous membranes is a porous

ion exchange resin.

17.  The method of claim 15 further comprising flowing the fluid through a third

porous membrane.

18.  An article comprising two or more porous membranes, each porous membrane
comprising one or more types of porous resin particles that remove charged impurities

of different signed charge.

19.  An article comprising:
one or more porous membranes, the membrane comprising a resin that

removes material of different sign from a fluid in contact with the membranes.



16. The nmethod of claim 15 where the resin in the

porous nenbranes is a porous ion exchange resin. 17.
woheoesdiod of claim 15 further conprising fl orRCmgSkive032129

fluid through a third porous nenbrane. 18. ‘An article

conprising two or nore poroussnenbranes, each porous

menbr ane conprising one or nore types of porous resin

particles that renove charged inpurities of different

signed charge. 19. An article conprising: one or nore

J0or ouShematibleafekim tl1beviraeerihcana eiiL g dl fforeig sfgnfdb&ipﬁséd’lﬁiarged

renoyes material of different sign froma fluid

iophchrigedcolipidh, shargedhparHelss. g commations iarlading tb¢saulm@9ﬂuld

1m%ﬁ%c€\k}ﬁhﬂ?etrﬁé ﬁan&f different sign conprises charged
I ons, charged oi ds, charged particles, or

conblnatlons |nclud|ng these in the fluid in contact
clai m 19 wher

ith the nbra es...21. The article_.o
Phe vl PR 30 Pispo e Sptranc 8berregiav et o fom
twﬂ%icﬁb’yﬁgwﬁgmtm{ohon 22. The article of claim19
wherein the nenbranes are characterized by providing a

fluid contalnlng | ess than 1000 ppb of charged

ur of 8
L o BB b GO RN g BB e ity Whroviaing
chsid cﬁﬁmbﬁmass than 1000 ppb of charged impurities at a temperature of 80°C

or less.

23.  The article of claim 19 where the porous membrane is a cast membrane.



