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Ultrahigh molecular weight polyethylene is a desirable matetial since it exhibits good
chemical resistance to a wide variety of reagents and therefore provides wide flexibility as a
material for uses in processes involving contact with these reagents such as in purification
processes.

Accordingly, it would be desirable to provide membranes having ion removal capacity
which have high ion capture {efficiency) characteristics, have a high fon removal capacity per
unit area and permit maintenance of desirable flow rate per unit area through the membrane
when it is wet in aqueous solution. In addition, it would be desirable to provide such
membranes which are useful in efficiently processing high volumes of pH neutral fiquid.
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by the reaction between the activated polar group and the functional group of the ligand.

There is also provided a method for simultaneously removing metallic ions and
particulate material from deionized water, comprising contacting said deionized water with a
composition suitable for simultaneously removing metallic ions and particulate material
contained in said deionized water and recovering a purified and filtered solution essentially
depleted of metallic ions and particulate material to sub-parts-per-billion concentrations; wherein
the composition comprises a membrane ligand combination represented by the formula:

M-B-L
wherein M is an ultrahigh molecular weight polyethylene having a hydrophilic surface and
containing carboxyl or ester functional group and having a pore size sufficient to filter particulate

material contained in said solution;



B i's a covalent |inkage fornmed by the reaction between theg Fettahiyamal group
on Mand the functional group of the ligand. In a preferred enbodi nent,
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The invention furthermore pertains to a system for simuitaneous purification and filtration

of metallic ions and particulate materiat from a pH neutral solution, comprising:
a device having a housing and a membrane ligand combination, contained within the housing,
represented by the formula:

M-B-L ,
wherein M is a membrane or composite membrane having a hydrophilic or partially hydrophilic
surface and containing polar functional groups and having a pore size sufficient to filter
particulate material contained in said solution, L is a ligand having an affinity for metaliic ions
and containing a functional group reactive with an activated polar group from the membrane,
and B is a covalent linkage formed by the reaction between the activated polar group and the
functional group of the ligand, wherein the membrane ligand combination is capable
simultaneously of essentially depleting metallic ions and particulate material contained in the pH
neutral solution to sub—parts-per—billion concentrations; and
a recirculation system, for flow of the pH neutral solution through the membrane ligand

combination, comprising a circulation pump, a conduit and a container for storage of purified
and filtered water.

2a



PCT/ US00122394 BRI EF DESCRI PTI ON OF THE DRAW NGS The for egppélgug@dgognher

obj ects, features and advantages of the inventi‘on will be Fparent from
the fol NP AYM4%% e particul ar description of preferred ERBEEUIREINs of the
invention, as illustrated in the acconpanying drawings in which |like

reference characters refer to the sane parts t hroughout the different
views. The draw ngs are . 2 , enphasi s-i nst ead bei ng
pl aced upon illustrating=H 2 Rvention. Fig. .1 is a

schemati ¢ vi eWheforegoing ane sthef arecfsl keta@:fesrzﬁd I%B\Fdnfayésrtﬂ R iRVBniAULN 8¢ aqueous
sol ution agueous g‘ﬁdfﬁ tjilizing the membrane of this invention. Fig. 2is a

gr aphi ¢ ﬁpP‘?JE‘Et Wing, dnatg Pariguiay digecgpfiop fof prefarad, embodimantsy pfdQ@ device
cont ai ni ﬁﬂieﬁhcﬁoﬂplﬁlétrdtémp% |abc7€)ﬁf§ar|yln§@fh§{!mg§:ﬁ%%ﬁ likeGEBhedl chALHO fd' anonds);
data curve (CI rcl es?} urve (squares). DETAILED DE I O\I OF THE
| NVENTI ONP Higesamg ettt favﬂhalé r“leadlff%ent viewre t 1he dewigel ard @0 neesssarirto sealtovi ng
netallic én%ﬂ%aﬁﬁlﬁead Baihd pl&Hﬂl@doﬁlllﬂﬁrtaﬁ{g'tﬁé anén;S?éQd’i‘thQ V%lﬁl?ﬁt ral aqueous sol ution

such as, but not l'imted to, -deioni Ze ter an fered aqueous
sol uti ons. TheclgTét'hécfc‘iﬁma&fu‘éﬂWyOb@pﬁoﬁﬁsééoﬁﬁ%ﬂn@fpl!m9§ mblneutraltagdous i ons and

particul %@ﬁonfgqgé&,p%,mﬁr{q%e %ggﬂﬁﬂ }fénn&hns by using a conbination of"

| i gands that have an a |n|t or netall1c 1rons of interest and nenbranes
t hat are capalfiige 206 & gfaphiz illmjrahnmwf lb%lreﬁechwh%e)frmpmtedad:aﬂpd@smml n the pH

neut r al eousl y renoved
usi ng m%&gﬂﬁé‘g aggb%% "Rrﬂomhg&e@glﬁdor anéade} taﬁégf:%b ﬁ’%f 918'80 ?&H}’e having
i on- bi ndifgitglek); glactedjwwerfmuare&)l zed thereon. The |igands possess i on conpl exi ng
capacity and high equilibriumbinding constants for ion renoval. Metal '
recovery from aqueous and organic waste sol-utions, represent a real need

i n nodem t echnol ogy. I\/BE‘BQILEII)DESGHIIHHOE&FUHEW!OI@ erial are typically
present at Hence, .there is a real -need

ofe) tratlon sol utj ons. .
for a processw(th% Q??‘g&%ﬁ"f‘"‘% ‘h?‘i} ﬁ'ﬁjldg?vfcﬁ & rﬁ'PP‘W@u‘P‘?tg"c 988:E8%s sol uti ons
for thei rpariiceats eaterial tﬂbmmqﬁialeutrér Ia@epmmﬁxﬂdn éuBh/anlbthlﬂt RSP BPLdisnes t his
separatioQn e”fi@{ﬁﬁ gr‘% and ff| M X se of |igands honded to _
menbr aneS 45, (59 FUEE0US Sy P[P?e fiu 'ﬁWe‘?W jeg and filiersig metsliey f ound t hat
t he merrbri@m @ad pirticulaies fmmmme ﬁéutrﬁlrhq@e"o@s soAman| 1y uSihg & &RibAbion ANanRSReNt i al |y

frompH neutral solutions to

| et t | at
ggggl fe i g Yﬁ‘zragf‘n?%[%?% "E?%a%&l% FT@%bér%(uJ“a e"-'tsngs it arg P‘i’ﬁaﬁ? ghilepigtout The term

"pH neut makticgak lnfateﬁﬁlspres@ﬁ in #tResH Ranel Et{ub@s's'aﬁjﬁﬁﬁdemeizé)lrr%m%@% E\@t er (e.g.
dei oni zed, wat er ; éﬁeand DI water containin very | ow (

pb
concent r SUERE0LY Y RA US’BQJF‘?@P@@FSé’(ﬁ&@mﬁ%@?WT?PGﬁﬁ e., Kertach grodifigdH r ange of
from  abegiingiok-BindkyQighndS imnWblliFedidrdhR O tthe BamispBssB QI cofipiRatyiapsisP e er v ed 3

~and high equilibium binding constants for ion removal. Metal recovery from aqueous and

organic waste solutions, represent a real need in modem fechnology. Metal ions and
parﬁéulate material are typically present at low concentrations in solufions. Hence, there is a
real need for a process to efficiently purify and filter pH neutral aqueous solutions for their
reuse or disposal. The present invention accomplishes this separation effectively and
efficiently by the use of ligands bonded to membranes in accordance with the present
- invention. It has been found that the membranes of this invention are capable of rapidly and
- essentially completely removing metals and particulates from pH neutral solufions to
specification levels of about 10 to 50 parts per trillion (ppt). The term "pH neutral solutions® as
used herein is intended to embrace water {e.g., deionized water; (D) and D! water containing
very low (ppb} concentrations of NaCl), buffered aqueous solutions, having a pH range of from
about 8 to about 8, with pH about 6.5 to about 7.5 being preferred.
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ligand combination represented by the formula:
M-B-L

wherein M is any membrane or composite membrane derivatized o have a hydrophilic surface
and containing polar functional groups, wherein M is capable of removoing particulate material
contained in said solution; L is a Iigarid having an affinity for mefallic ions and containing a
functional group.reective with an activated polar group from the membrane; and B is a covalent
linkage formed by the reaction between the activated polar greup and the functional group of .
the ligand.  Representative B finkages are selected from the group consisting of amide
(NHCQ), ester (COO0), thioester (COS), carbonyl {CO), ether (O), thioether (S), sulfonate (SO3)
-and sulfonamide {SOzNH). | o

In a preferred embodiment, the membrane will comprise a pluralify of different figands
that are ion specific. The exact ligands chosen and the ratio of ion specific ligands re!ative to
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To achi eve_t.,he renoval nultiple ionps frompD water, several |igands are -
oo | 1 RS SR Sron At G iceS Patcirahe bt 40 s 200 6H GHAEETE 0 eove. &

speci i ¢ dbms Shesb engieering reduPémenisfe dok edbfinRdt whiibh &iceAbd R4 tebingBgds SL 420,
SL 415 anﬂ_| SL .4io7 6t(gﬁon’mer 1 al L(Xn%}%i | abl'e from | BC, ~Advanced Technol ogi es,
Inc., AnelEPaRCIEgpuon jropgilies,pf g B have been sambingd with figandvgefpplagydn devi ce to

remove i oghg sstewil 19 eeniote biiiohLAn Putidks hARlaRr afdS |“ ulrd sdilffnsT @bl e, these—
| i gands have _bi ndi nqh constants that are suitable Tor renoving ions to ppt
levels. 5 To achieve The removal of multiple ions from DI water, several ligands are immobilized .

onto one membranefdevice. Each ligand is designed fo remove a specific class of ions. For

the DI water purification, figands SL 420, SL 415 and SL 407 {commercially available from IBC,

Advanced Technologies, Inc., American Fork, Utah) are immobiiized on the same membrane

device fo remove ions listed in the following Table. As shown in the Table, these figands have

-

binding constants that are suitable for removing ions to ppt levels.
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Puri fier Ligands El enent LogKLi gand Cu-16SL 4201 N **13.5SL 4201 rZn-9. 5SL
4201 Cr1 Fe-8SL 4201 Aga*6.5SL 4201 Mh~6SL 4152 152

Al - 16SL 31‘%‘5"@"7& 4073 Nat5.5SL 4073 Pb> 8SL 4374 1. BEg ok At egﬁt |
Application No. 09/202,731 2. U S. Patent No. 5,182,251 3. U S. Patent
Nos. 4,943,375 (partlcl es), 5,547, #@ble(nenbrane) and 4,960,882 4. U S.
Pat ent No. 5, 393,892 According to the nethods of the invention, high purity

water is contacted with a rri'crogorous |igand nenbrane device to effect

si mul t ane rﬁ[;g (such as those provided in the Table
above) ar gg@a\f chb \%teﬂ%hf% Lo ied water is recovered or recycled for
further s suc@ as ftor cl eanl ng/r ng siTi1fon walers %OI ow rfjg the
chem cal ﬁmﬂ}locesse<, or forL y ot her| proces re it ifs
desi r abl E'#ﬁ’&ﬁ?ﬁﬁ#ﬁ‘?ﬂﬁl or ——agpeous sof atrons. rfje purifi ed
DI water fcan be nBwit ored cqgntinuousli§ or peripdicall pLAH the 6§19 .
February [[2004-\MO-01/14062--REUSE022394—presenrpe—of—undesired—metal ions to
determng if the Menbrane device shoijlsd be rep| aced. STHE)'purifigr can be
used-in g recirculation systltemshown in Fig liaor.in . a once-thr nﬁ h- (one
2 . 95 : , ' St 4201
“Co~ ‘ o sLaan
Fe+ 8 - sL4aof
CAgR ' 65 ' - SL420
M+ : SL4152
CFer 18 SL 4152
Al - 16 SL 4152
Ca* 1 7 SL 4073
Na* | 55 SL 4072
Pb > 8 SL 4374

1. U.S. Patent Application No. 09/202,731

2. U.S. Patent No. 5,182,251

3. U.S. Patent Nos. 4,943,375 (parficles), 5.547,760 (membrane) and 4,960,882
4. U.S. Patent No. 5,393,892 '

According to the methods of the invention, high purity water is contaciéd with a
microporotis ligand membrane device to effect simultaneous removal of metal ions (such-as -
those provided in the Table above) and parficulates. The purified water is recovered or
recyded for further use, such as for cleaning/rinsing silicon wafers following the chemical wet

~ efch processes, or for any ofher process where it is desirable to have highly purified water or

aqueous solutions. The puriﬁed D! water can be monitored continuously or periodically for the

ot —
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ont act | ' TYOTELE b e thih iy B Sl BF oSS ot BRI A 000, e
di scl osecthhreede mteramt/wllmiagemsmwmegmmuane Hisus| e Buwtofbo}nslmstmgmm@ t he pH
neutral St fleloRl BarRNAT be el BuyRnGOMROR Yl fldnfine B i Ehaf bnd e

i nventi on i's prefer qavi'ce conprising a
housi ng, secwd. 3be Eghciamer surfd@areambﬁne digand mgmbrbmscpmmﬁessgreatanacceés toivag ter of the

(o oaReRR el Feb B bRineSnhlo ok BioruRie BB EREaR of Tho®

I nvent i orions Bneligand that tallowdons demoval & pptievels iradne gass theaugls the purified owi ng a sour ce

sol uti on and elv ol uti on aid .liga d- nbr ane copposi ti en.
reter abl -t nEe TR RAEe DGt BE Bhete an e LA R ARG RRR ST bougn
ot her nengsvae f@qm"ﬁgl@maﬁm@raﬁd p&italateagatérabbo ihrembved Sioctke gH diegtial or  hol | ow

of car t B8 Mo TR N S AR e ool PR ERSAIE 1 on and

the fil tecfﬁﬁas@ﬂﬁbréwrdvéite@@ar@nﬁgrkﬁlﬂthé@LroceésCHytﬂnhgiﬁg papHbRure usEdn i advant age
of the ‘1igand rane and cartridges contai i n% the same is that they can
be regene‘ioafla@d”n@ya CERRATHEN off ML AP dientiep.o hNiRE ip iRERIRIPY A Bahi ng met hod

has been .faupt ebask Mpf&ﬁlﬁ%\’lﬁuﬁﬂ_y sifl Qa&%”baﬁﬁﬂdes ccfnfa‘i?ﬁﬁgttﬁtﬁcdﬂﬁéﬁlt%ﬁ op0 it would
not contribute any significant 19 February 2
matter of the mventlon by causing the pH neutral solufion” to ﬂow through the housing {e.g.,

cariridge) and thus come in contact with the composmon of the invention. The contacting

device can include means for flowing a source solution and a receiving solution past said

- figand-membrane composition.  Preferably, fhe membrane configuration is a pleated

membrane, although other membrane configurations, such as flat sheet, stacked disk or hollow

fibers may be used. However, various contact apparatus may be used instead of cartridges.

The selected ion or ions comp_lex with the composition and the filiered and purified pH neutral
solufion can be reused.

An advantage of the figand membrane and cartridges containing the same is that they

* can be regenerated by removal of bound ions from the figand. A cleaning method has been

developed to remove all contaminants from the device so it would not contribute any significant
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have bee 618, 433 and
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t er epht hadraffuatiz28 epprdpaathly. keemﬁa)@.tewﬁ@nﬁbﬁnaé a8 arsaﬂgbﬁWOAwaﬁdammane pol yet hers
such as perfl uorinated pol yethers vin ners such as’  pol yvinyl

chl ori de ZAHNES| 8, BAPYPI ERIV"PF meE@ran%@%ng aﬂd?ﬁ"ﬁ'b'%o”ﬁ‘@‘“ﬁ@éomﬁ@ﬂ form ng

the pol ynginosiB®Hbean R tebeﬁarn@etﬁmabfetmm% f&ﬁﬁ@b&é%ﬁﬁmﬁé sibdfAGh&Re and
styrene, fI uori nated et hyl ene- I"ene co

et hyl ene- f&ﬁm@fedtnowmﬁ!admfdyémwpié r‘*éff@é%“}b’iﬁé?) Fﬁﬁ&ﬁomepomnméldewﬁ@owef erred
menbr ane (P%Dhydégepﬁ\b' HKE; %Igcﬂéﬁhé U0k eﬁd!&’egngler‘f@' @P@@‘h 'rﬁb‘f‘efcﬁlé{r GBgntcont ai ni ng

car boxylic-grou hose describ nt Nos: 4,618, 533,
5,618, 433p®vabﬂylsr1ﬂul?€)7mprovvhm np@n@ﬂiﬂmntenmmam&pomswnsmbwweé menbr ane

material igysfiRhed PAMMned Qe dFdiysulfane, polyethersulfone, and the fike; polyesters
including polyethylene ferephthalate, polybutylene terephthalate, and the Ilke polyacrylates

and polycarbonates; poiyethers such as perfiuorinated polyethers; and vinyl polymers such as
- polyvinyl chloride and po!yacrylonitﬁies Copolymers can also be used for forming the polymer
' membrane substrate, such as copolymers of bufadiene and -styrene, fiuorinated ethylene-
propylene copolymer, ethyiene-chlorotnﬂuoroethylene copolymer, and the like. The preferred
membrane is hydrophilic ultrahigh molecular weight polyethylene containing carboxylic groups,

* such as those described in U.S. Patent Nos. 4,618,533, 5,618,433 and 5,547,760.
With composite membranes, the substrate membrane material is not thought to affect
that performance of the derivatized membrane and it is limited in composition only by its ability

to be coated, or have deposited on its surface, an insoluble polymer layer that contains the



that ‘performance of the derivatized nenbrane and it is |it8 Fesuamg 2004
conposition only by its ability to be coated, 'or have deposited on its
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active groups. that can be readil %/2 converted to am des on reaction with
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a sulfon or+ resu ose obtalned with
car boxyl icen be prepared Wlth carboxy!ac acid active groups that can be readily converted to amides

upon reaction with an amine group on a ligand. However, any of the other organic species
which are reactive toward an acid chloride could be used fo attach an organic ligand to the
surface. Additional examples of such groups would be esters, thioesters, Grignard reagents,
‘and the like. If the reactive group on the surface is a sulfonic acid, then an analogous
procedure using a'sufonyl chioride would yield results similar to those obtained with carboxylic
acid functionalities. One such polymer cbntaining sulfonic acid reactive groups is available
under the tradename NAFION® from DuPont as described above, Preferébly, suitable ligands
contain an ester or carboxy! group and an amine to form an amide linkage.

The combosite membrane comprises a membrane substrate formed of a first polymer
and having coated thereon a second polymer having a hydrophilic surface. The second
polymer can be cqatéd onto the first polymer by- a precipitéted crystal technique. Altemnatively,
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U. S. Pat epmlyemaikytaﬁmamém &BcﬁboithéﬂwieMna-ﬁdﬁeﬁlﬁngtﬂydm&drm:E &l kgl Patent NZ 20 e
995 SO BT AR oo b B P 56 L

No. 5, 190N6.65373, 4h’i&)dﬁuﬁwywrslsdtrc§mmdramﬁ§r@Hpﬁowmaﬁhm@@@@odéfboﬁs %!, ypari ne or
ot her car |er 09/ 330, 543), and macrocycl e

pol yet her EW Naﬁ&@ G%M@%qubnif‘dﬂ?“%mdm’@%%?@ Qrd RalyeRise prelbsy CEBRpI exi ng
i ons such(eas, @6t BQfal m@rcgmumj kil i macoye! bd’fy‘ét@%rﬂrﬂand@o%é :@%H@!are _ ot her=
tranmhonpg&&] EP transition netal  ions when contacted with
sol ut i ons“3PALE &F'eCt\Xﬂlé MRS BBF SHER 7 ebareertanoliel, alaliaaprisndbl Metghands that
can be useg@erfiRhsiidiensifoNg doQQF&héltfoh Eh‘ila'tal @dﬂ@lehE@Eérf*HﬂteE'%{ﬁ sORRRs REBH ously
described jn U S. Patent -No. 5, 618,433 a I n

when admixed with other ions. Examples of hgands that can be used for the above-identified

appltcatxon have been previously described in U.S. Patent No. 5618433 and in U.S.

Application ‘Nos. 09/330,543 and 09/330,477, entitied "Polymeric Membranes Functionalized

with Polyhydroxypyridinone Ligands" and "Parficulate Solid Supports Functionalized with

Polyhydroxypyridinone Ligands", respectively, both filed on June 11, 1999, for removal of iron

{Superlig 435®; IBC Corp.}; entire teachings are incorporated herein by reference, such as

U.S. Application No. 09/202,731 for removal of copper (SuperLig 420®; IBC Corp.); SupetLig

415® for Mn(li), Fe(tll) and AI(llI), SuperLig 40® for removal of calcium and sodium, both

described in U.S. Patent Nos. 4,943,375 and 5,547,760; and Superlig 437@® for lead removal

described in U.S. Patent 5,393,892 (See Table above.).
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Appli‘cation Nos. 09/330, 543 and 09/330, 477, entitled ' PoImrEebmarymbuanes
Funct.ional i zed. with Pol yhydroxypyr| di none Ligands" and "Particulate Solid

Supports Lhanal i zed Wth * Pol yhydroxypyri di none Li ggRggseenisesPectively,
both fil gg&&ﬁ g‘%ne 11, 1999, for renoval of iron .(SuperlLg 435%:“39 | BC .

Corp.); entire teachings are incorporated herein by reference, such as
U.S. Appli cat ilBhcowposiipas pioihe prasent venfieinmae pieparddisapy sulehiremethed 420(r): | BC—

Corp.); %Bl%fnlthegmalﬁéeﬁﬁé I)gaﬁd%rcar’vaé &dv&lenﬂf%ﬂd'&ﬁ b @Hgﬂﬂr{elcbﬁﬁugng%ﬂﬁve“ 9 40( r)

for renoval cal ci um and sodi u

4,943, 375urﬁmalazﬂw$ $®0Umfa¢1§ta@;§’@teml§5w§m@3 fseyied Al @, iﬂ?ﬁdb%tﬁntlfﬁdescrl bed in
us. Pat g %b% @j%?@diuﬁz Coréﬁ'gora—t@@héare:@gﬂé?eﬁgnce 1909&3[%?@ CadbN 2004 0 01/ 14062

PCT/ US00/ sitions esent 1nvention may be prepared
by .any sudiparduinte ﬂaewmranwhsec@mad quhin adwe ateycptoeedutega[ﬁﬂdmhtwmn brei Boval ently

bonded t r e United '
St at es P;&'P hﬁaamg%gﬁg@g%f%mep @’85’5%%55 ?f c&“%@f;{a%tcﬁ% o@ﬁr{f’eﬁb&aﬁ&t eachi ngs of
whi ch ar evifh iédypdr{3Diethiwemieomoryly carmdwmdmﬂﬂrocﬁiomdedEmIlreelmermatﬂnml i zation of
the lig [ edure [ 1]
activati gﬁﬂgﬁg’l ﬁ?&m%@ &ﬁgeagt?e & @%@F@%? %#OBP%CI«QJEQ?%O% ﬁ@é{%?/ reaction of
car.boxyl |reac&LE|1mielgledlatasomnmunmadmtsamﬁa$ha/n'mide dteuntoh \He-ligker &8 ddacied twytheami nopr opyl )
car:-bodi i roc id EDAC) in,either water. or... | PA/ water mediumto
e Hofte, bbHlsas MetaniCmabEs ol it SFers s Bty AReE s
reactive dﬁmgemarﬁeﬂhaﬁ ¢or Gripie Uigehds g;alcﬁrs mhc?]bthzeltdhmagh e gh'faiet}espgr b]hﬁb l'i nker
arm attac to the oducj ng the, |igand .- ilized nenbrane
sur f ace. “l‘ﬁt@l & HaandR o7 W'Eﬂ'ﬁz@ﬁ Bﬁ‘[ﬁp@%{ye% %%’ﬁfeﬁ%’g@g’f’?’f"grg‘)%ﬂ“e Z%?“er‘ﬁ,ul tiple
: i gangs tdmmtmmgrﬁmml;lmgwénghmﬁemmenﬁawag 4 hmplﬁlldbo?tmg lﬂ@gmang%fcof:mnm{ nrult L iple

i gands c ilize mu referred enbodj nen e
ebr ane AESR IR AT Rt o L HAroN Gt B EBHG FEisCR oG :
hydr ophi meeuaRD@»gwmpdr@cdrp ga.8 et N@\#@h&“—‘SBB}y attached thereto VI a ani de
bonds. The hy drr ophilic coatl n%pl S %I | abl e under the trademark

ETCHGUARD( r)  (KF IMenpenelicent sompagliags g aimusklyl fon camingsas)ne pggent

nenbr ane/ihyeHih GilcRrapesbd: kP Sset Rfdd iREHR a3 s foﬁoﬂfng%%n{p}é’s @ancaﬁwhxbme pr esent
invention wll. be apparent to those skilled in the art by the follow ng -

exanpl es WkERH acPmRgHic Rembiane| propated 2oeBtigde |Ut% Patenitf.&lA&3He sart@inticcording to
U.S. " Pat eaioiSddy B BPUISROGH FOE ORASHONNIS e Wil S48Rpalo UL 1 On! ¢

aci d groups. ective of menbr ané or conposite rane itself is

to fil termmhrangalpqlf '&iﬂ ftﬁ?@“hﬁﬁ@ﬂ'ﬁ@lmaﬁ“ﬁl fpesashin the gH ﬂ‘ﬁéfalrﬂqlui'@mﬁoél sol uti on.
For. thi StthE}IirBé%'éEihe théoraMB o AE Rave SIS ro'ﬂﬁ{r%ltl%g&btﬁr i g@cnﬂf gé traporous

structure Croporous pore sizes typica nge 005 to
about 10 nﬁa:sizeﬁ@plcalytrarapism@bmb@mﬁ t9|a @é%rn@ronsn’dm;@roua i SiggscE®por ous por e

sizes, tyQiAathh FRRGIOR fohP TADGHEa- AYRY fof 2RAS 01 W Bbout 0.005

‘microns. The figands may be attached fo the upstream outer surface of the membrane, the
downstream outer surface of the membrané, the inner porous surface of the membrane or any '
. combination of these surfaces. Preferably, the entire surface of the membrane, including the
pores, contain ligands. ' h
The following examples illustrate the present invention and are not intended to be

Iimiting in any way. All references cited herein are incorporated by reference in their entirety.

i1



nicrons. The ligands may be attached to the upstream out et9 Belsriage2004 t he
menbrane, the downstream outer surface of the nenbrane, the inner porous
surface ofyddigeEnbrane or any conbination of these surfaGRgen el erably,
the entire surface of the nenbrane, including the pores, contain |igands.
The follow ng exanples illustrate_the present invention and are not
intended to be limting in any MBLES | of erences cited herein are
i ncor por aEesmpy1:" ef MuRpe Anauhhswza%}hh&&?e% 11 19 February 2004 WO
01114062, PCf/US00I 22394 EXAVPLE : Miltiple ligand
i mobi | i zati on |§1e)gag}p|eég:stfﬂtﬁsssewm '@mnglizmgtﬂif%& @§"d§é§1ué*rﬁ, glal”r?(yaﬂdmmbl l'i zi ng
three || 9andor, (68 adAfbed RendRRieih, ARl For i) BHRNS fidge JEERAGL001 °°,

ea

Inc.., American Fork, U ah) on one cart @Se co tal ni ng ed’ merrbrane

of hydr opRiepted meEbizas H&?Yéﬁéhﬂ(cmlymﬂér’r@ romd cyrfage @ae)a) (m&a@m@ ,
M 111 por e niipb-Oorp. AAmSL ﬂ%ﬁigédd%@?gt Mﬁiﬁbtffﬁ& @Eﬁ%ﬁgmﬁ’rhﬁd] Zg al'E'Bg e membr ane.

A cartridge was ‘activated UsI ng ' SSO liters of
DI water ﬁ@iwatq¢3usmﬂ§t9@§ of ERAQ disseleediy 1.2 Siers atidi wates foall5 mu@s;ﬁolloWedEEDAC in the

sanme solu activated
cartri dgeraf\}\/gtdjshﬂﬁJ gont 5%%03|n%er%ﬁ’§§°lL'd0H f& t0 ﬁ%r% njurﬂl%g ﬁ%@gg%@@%e | i gand
sol.ution Bﬁﬁp,cﬂweactl\iawrcamdgwaﬁhen cvmta:t&:lomtplss pDs abise elfﬂécmacmeycw Irgéndor wi t hout

decanti ng | wt i lin rea_tlonc ct time can
be sever aﬁ&ﬂ@r&r"gg%% Kt%%bfﬂat@rﬁ Hﬁ)ev%g?{mé]m% %ﬁ%ﬁ‘ﬁ 8’& orfiEopt dece) B‘b was washed
with DI wactivation solpticap theecofifing rdaelios eoxtan filne gande @bdradloure rdr.upAo raerbr ane

The Fo. capuatidty TABN, Mniclf ubElhostnd MR ils” it et cecpiighig <L a7

(e.g., capﬂﬁnhmermf Arrmmbvzinagoupbmlﬂai proceeded lwith thei daRridge & defPRPS the fWEd
I mobi | i zed t& ﬁ. menbr ane (@2 E the above procedure, the cartridge now
cont ai ni naap{aﬁ rfeg:fncti’pﬁ @ WOl -vat.ed with EDAC (two steps, 15 gns

EDAC in 1.2 |iidte iacondvmglrgamasmmq@lg 1 EapBBIA6F. re.ﬁd%ghﬁkén ddBaft, A dngat i on ti e,

respectlvelﬁég2 The a %‘Fr% cartridge. was then coupled using 20 gns of SL

407 in onEOAPFY WES fm HEEREERE A Jb NG FROVRaREerEdSxi i cariigeidWer t o

prepar e i torftaingttiigh SLdﬂb' WeSaEvaRl Wl Enml ftwo é}eﬂﬁew"%@mqw?mems processed
with the cartrldgd[eﬁo determ ne the |igand..capacit he Na capacity was

0 3 ol of WS S 1 Pigs-Ed dhmns acWslon e, PreabeY; Fbe a‘?tk‘ﬁtﬁ‘bi‘fﬁﬂﬂ@et he sane
lorocedureanaﬁuat@nccﬁ:m;hﬁplusmgQ@g5 s STSL AGAih M@tlﬁe@mﬁm TR QwasTJP&h vation
e

medi um wa liters,_ of % | PA and 25% DI water. Th 420 l'igand was

pr epar ed @ﬂ/""‘?ﬁr EERATforRte HiFrslioard aﬁ%mlafﬂtgéﬁ@mbli@"%@?épqnlwaé IPTOQ@SSSCBMH‘I
the cartridge to determine the ligand capagify. The Na capacity was 0.3 Imole/cm2. 7
The third ligand -SL 420 was immobilized foflowing the same procedures described
above of activation and coupfing. The activaﬁon-medium was 1.2 liters of 75% |PA and 25% DI .

i water. The SL 420 ligand was prepared by dissolving 30 gms of the ligand in one liter of 75%
IPA (790 mi} and 25% DI water (210 ml). After the coupling reaction, the cartridge was washed
with a mixture of 75% IPA (790 ml) and 25% DI water (210 mi). A membrane coupon was
processed with the cartridge to detérmine the mac;rocycie ligand capacity. The Cu capacity
measured was 0.034 Imole/cn?.

Example 2: - Multiple Ligands Co-immobilized Simultaneously
This example iiustrates immobilizing three ligands (SL 415, SL. 420 and SL 407; IBC
Advanced Technologies, Inc.) on one cartridge containing a pleated membrane of hydrophilic
polyethylene (10,000 cm? surface area} (ETCHGUARD®; Millipore Corp.). An SL 415 figand
was first immobilized to the membrane. A carlridge was activated using 15 gms of EDAC
-~ dissolved in 1.2 liters of DI water for 15 minutes, followed by additional 15 gms of EDAC in the
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| PA (790 ml) and 25% DI water (210 ml). After the coupli n® Febmedry @004t he
cartridge was washed “with a mxture of 75% 1 PA (790 ml) and 25% DI wat er
(210 m) weé\eimety ane coupon was processed with the careciusm2eiv4det er m ne
t he macrocycle |igand capacity. The Cu capacity neasured was 0.034

(ol e/ cng ously This :
exanpl e Fﬁ‘"feu%‘f%% Zosr?zpm%%)h\’ﬂzegngﬁ eph%gaggﬁé)%@%t%ga%@ %, ‘ﬁand SL 407, —
| BC Advaxntaetédmm(gh'e@f ths SL141E nmcrmyclmtmndamlmmn ifgenedien DawvatemgThe pl eat ed :
menbr ane of hydro 0 SUI |

(ETCHUARBEI e B P et RERS 3P o bl Mebbbi 11 2ot 10

t he menbeset fike mrtierseﬂa@h%orapﬁo Medve[dightaium@nlﬂ hgmrldge uE@A@sh&dl ssolved in

1.2 liter r 5 .mnutes, followe |on 15 gns of

EDAC | . Pl Ot Yo PR B A48 Re i, B 8s SRl 0o o TR s o1 vt o

for 20 mesy ormwwé Q‘éaestdﬂ th\ﬁlemﬂbd D @etaingie thd lgendasibacitat e Fe aadatiiydge is then
cont act ed vmt qg E)J e S)_ 415 macrocycle ligand solution in one liter

DI wat er meqqyée ng A Q/\%@‘“@F FBttive with or without. decanting the '
activation sojnihd Sendishs, tﬁ@ﬁgﬁhdswﬂ? B0l were attaxhed e e cbrﬁrlﬂ@ mafﬁbrb@ sever al

hours or up to an over ni ght d tion. hﬁ cartri d$g Vﬁei d wth D

wat er t o e giep-e Mhegartidos KD é- 1Rdo3ma pleapy 2jiarhiad was sHivaed MBS Y7 Two S
Menbr ane o COMPQLDIvEEIH @ 2R DFRsleribr b niinlatés Galioléd HYGR aﬁd?tloﬂﬁﬁ@bﬁib ge the |igand
capaC| ty. The Fe capacity measured was 0.0.15 and 0. 22 [ ol e/ cn2. In the

second sESHC it e SPFP%;%H’M%“ faty1h Tote mipples-wiB 1t capnling: iR thegcivaied €alnH98 dge

menbr ane wak heR@niabi&P lthTQ%olﬁ’t%ﬁtcBﬁtQﬁiﬁg 20 bl‘ﬂs bhsL 3b7- 47030 grﬂsaads@hmﬁady
attached was acti vat eg usi ng ns EDAC dissolved in.1.-2 liters of D

wat er- f ordisg@vedimatixigre of 890 @Ma 3%408@?!9! Walgia|The ogpawe gifo werketd i n ¢ he' same
sol uti on nieWan&QvaS%ﬁ@htﬂ%ﬁ‘Wﬂ?% prohl Eiﬁbﬁolcqwalméﬁ%ra% %&poﬁ@ﬁer@ﬁhbé’s%&@d cartridge

was then contact a so ution cont-ai ni ng and 30 gns
of SL 42®ith @eg.@dmdge@ detemingrihetligerd cgmacmOThmmemweﬁamcﬁhﬁaNatﬁL 4) DI water.

The pr 0cqAUAS1 BASPRBAAShe! dnd BB LRAY imiBEm UL L Mopd Wi Lh 1 SoprOpyl

al cohol ane coupons were processe e cartridge to
det er m néxam[éeBl gaRdificaiipmeiWajer The neasured capacity for Na (SL 407) was

0. 11 and 0.099. L apll.S0tso il Qe 36 889 el BRASLARE i Yph 220)-

Exanpl e 3: Purl I on o 'S exa PUSET At 88 T se of a
li gand negunostsieingl weterseluiins infd aneipassdiow mode. tlee pmiutuom 90we¢lthr®9fmﬂ akealbthg wat er

cartri dgdatuef BURRORRE, b MecDbRand o 32y etk i £ 20 °
( hydr ophlﬂolyethylene) The device membrane area is about 10,000 cm? and the lngand capacity 0.4
ﬂmola’c:m2 {SL 420). The incoming feed concentration was maintained at about 100 ppb Cu and
the soiutlon flow rate at 1 gpm. The purifier product (efﬂuent) was monitored for Cu
- concentration to determine the breakthrough. The experimental results are plotted in Fig. 2 as
the proddct Cu concentration {ppb) versus the total volume throughput {expressed as ppb*
fiters), a product of the total volume (liters) processed: and the incoming feed cohcéntraﬁon
" (ppb). The data show that the purifier removes the incoming feed Cu from 100-145 ppb levels
(Feed curve in the figure) to less than detection levels (<0.02 ppb, Data curve) continuously
uniil the breakthrough capacity is reéched at about 130000 ppb* lifers throughput. The
performance is as predicted (Model curve) by the engineering design model (see below)
developed to.custom design chemical purifiers for specific appiicétions and to predict their
performance from knowing the process parametérs such as liquid flow rate, incoming ion

contamination, purifier size, and the macrocycle ligand membrane ion capacity. The
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pol'yet hyl ene). The -device nenbrane area is about 10,000 ct®FeindatytBO0ki gand
capacity 0.4 Omol/cn2 (SL 420). The inconing feed concentration was

mai nt ai N§Eh gin @pout 100 ppb Cu and the soluti on flow rgt-emgdmisggpm The
purifier product (effluent) was nonitored for concentration to- . .
determn r.eakt hrou eri nmental, results ar.e tted in Fig 2
st he reRBEROCREh St bl g et Bractedeancan b a'?whroughput
(express?ﬁvaﬁaﬁm’éhfehmé ers), a product of the total volume (liters).
processed and ‘the inconming feed concentration (ppb). The data show t hat
the puri fRegpmantMAdel t he i ncoming feed Cu from 100- 145 ppb | evel's (Feed
curve in the figure) to | eygythgn detection levels (<0.02 ppb, Data curve)
continuously wuntil the breakthrough capacity is reached at about 130000 °
ppb* ‘liters throughput. -TFhe—performance is as predicted (Mdel curve) by
t he engi neering degi g rmdel (see beI ow) devel oped to. custom design :
chem cal purifiers ecific a |cat|ons and to predict their
perf or mance from knovvl néﬂ A& +pvao Aparaneters such as liquid flow rate,
incomng ion contamnation, purifier size, and the nacrocycle |igand
menbrane ion capacity. The 13 19 February 2004 WO 01/14062 PCr/US0022394
br eakt hr ough cMpesesi ty and the tolerable effluent concentration for. a gi ven

application typical qs‘ﬁ\é%@ Per f ormance Model. .
VCo(H )2/A C. = V( ISJF%IZ e‘aﬁl nﬁm- ?Jﬁhwtﬂ @Bﬂgm = equi librium copper
concent rati on (-rml M) VVﬁlumeI(!l’Lmsé (liters) Co = initial Cu concentraiton
(nol/liter) H+ = dr ogen.. | Al (mol /1) K = equilibrium

bi ndi ng const ant (%I /1 qm%ééegmﬁg%fg{aahw%@% city (nole/cnR) A= cartridge
area (Cn2) Exanpl éi+4: E)é\yiiro@nﬁzbmmderﬁgaﬂaﬁ{motmrrbr ane devi ce was cl eaned

using 2-4 liters of 100% i s PA) to renove organics,
fol |l oned by a dei o zed ((ﬂ’ﬁ][p ﬁépmgﬁoﬁéﬁrﬂl{%& em)ve | PA. The devi ce was then

cl eaned with concemfr at edndmidinechiactyimolelom®, HCl, 6 molar (e.g., for copper
ligand) to 12 nol ar, - cartridge area (Cm?) '
Example 4: Device Cleaning

The membrane device was cleaned using 2-4 hters of 100% isopropyi alcohol (IPA) fo
remove organics, followed by a deionized (DI) water flush to remove IPA. The device was then
cleaned with concentrated hydrochloric acid, HCI, 6 molar {e.g., for copper ligand) to 12 molar
(e.g., for iron ligand) conceniration. The device was stafic soaked in 1.2 liters of acid for 1-2
hours, followed by an additional 8 fiters of acid flowed through the device at 30-50 ml/min flow
rate. The device was drained to remove all acids. The device was then flushed with the
u[tréhigh' purity deionized water to remove all fraces of residual acid. This cleaning brocedure
was very effective in producing clean devices of extremely low exiractables.

While this invention has been particularly shown and described with references to
preferred embodiments thereof, it will be understood by those skilied in the art that various
changes in form and details may be made therein without departing from 1he'spi_n't and scope of

the invention as defined by the appended claims.
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(e.g., for iron ligand) concentration. The device was st atdFEesoagef0dn 1. 2
liters of acid for 1-2 hours, followed by an additional 8 liters of acid
flowed through the device at 30-50 mM/nmin flow rate. The device was drained
to renov& &f4%%i ds. The device was then flushed with tBET/USAO2RIMi gh. purity
dei oni zed water to renove all traces of residual acid, This cleaning :
procedure: was very effective in pClogMging clean devices of extrenely |ow
extractables. While this invention has been particulariy shown and .
described with references to preferred enbodinents thereof, it wll be
under st odthabig chimes&: skilled in the art that various changes in form and
details may be nmade therein wi thout departing fromthe spirit and scope of
t he iInventA mathad fareimuittebysly reenavipaneiatic ddnsians. patticule®e Weateriabirgm 2004 WO

01/ 14062 P ) ) S i .5 -

si mul taneg)‘%{réﬂ%%m&\%i%ﬁgp ﬁé’?@lcwfghl"{gnssaﬁa%&gbg'r ';ﬁ"c%p%'ﬂg&%?' estrhﬁéakfle {?rom a pH
neutral seinuliaoequshorepuiviigngetalio icns tind padtlibitesmbteriabsontained ia saidraebdioni on
suitable f ' YA i . o
mat eri al gﬁﬁtr%c}%kgﬁ*qt%[}g@%l ‘r’?:,f](()jlf'ﬁt I onsragjélgﬁggéeécdg\gl“é’r(?%getgﬁgfurﬁ%ﬁ'gwgndﬁfi | tered
sol uti on eadienbicanbierididplsebedrtepenrkitliah lcorcantratiorsn whereir the camatstiomt erial to

sub- part s- -bill] j ‘. W@g i i.ftion conprises a
menbr ane Iclgfgangﬂoé éc%}ﬁ%ﬁﬁgﬁ%@%é%ygg{éﬁp%d 5e%te ﬁ\te(:}h?b gﬁﬁ%@% B-L wherein Mis
a menbrane or conposite nmenbraneMBying a hydrophilic or partially

hydr ophi | i Y taini . lanal p]g%r ving a
pore si ze“ﬁ"seﬁ 'H\@lggnrﬁ Bl%?’lglot? 5%8%'@%%%{359%’%P'gglgé]yg@g’mﬂgpn '?I sai d

sol ut i on; hiydiophilic burfrmechndaontainirgpeléf functiopal groupsesral having oparesiz® cont ai ni ng
a functiongle: g A i .al. group fromthe

menbr ane; %gﬁ'gghpti%@"é?@agb% eﬁtréﬁ%tl&ﬂ Iggrggﬁ%?“rrﬁ%ﬁ%?a%%{'r eaction between the
acti vat ed Lpsladigang bayingart affiniéy fof metallicions ang carpaioing EHendtiogal oupTieactinet hod
accordi ng Lfy ﬁti@t&d?@@ §}oﬂﬁlrrohﬁh% erérH@%ﬂe;_sa?JdeCt ed fromthe group =
consi sting of am ne-contarni hg hydrocarbons; sul fur and nitrogen-contai ni ng
hydr ocar bdhis;a ®waleatlinkege firmied dy hyalreactionbmetseercthevattivaledipdaygoapded the

macr ocye! SOOI B FUEIFIR 0 Ryar ocar bons:  pol vt ot raal Kyl amroni um and
pol ytrial kyl am ne-
- 2, The method according to Claim 1 wherein Lis a ligand selected from the group
consisting of amine-containing hydrocarbons; sulfur and nitrogen-containing
hydrocarbons; sulfur-containing hydrocarbons; crowns and cryptands;
- aminoalkylphosphoric acid-containing hydrocarbons; proton-ionizable macrocycles;
pyridine-containing hydrocarbons; polytetraalkylammonium and polyhia!kylamiﬁeu
containing hydrocarbons; thiol and/or thioetheraralkyl nitrogen-containing
hydrocarbons; sulfur and electron withdrawing group-contairiing hydrocérbons;

hydroxypyridinone; and oxygen danor macrocycles.
3. The method according to Claim 2 wherein B is a covalent linkage selected from the
group consisting of amide (NHCO), ester (COQ), thioester (COS), carbonyl (CO), ether

(O), thioether (S), sulfonate (SO3), and sulfonamide {SO2NH) linkages.

4, The method according to Claim 3 wherein M is a membrane selected from the group
consisting of polyamides and cellulosics, '
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contai ni ng hydrocarbons; thiol and/or thioetheraral kyl ni19 Bgsnag@i0di ni ng
hydr ocar bons; sul fur and el ectron withdraw ng group-cont ai ning

hydr ocar bwesgi/s4dsydr oxypyri di none; and oxygen donor macr opymtsse22384 The

met hod according to Claim2 wherein-B is a covalent |inkage sel ected from

the grou n hi d ster cos), |

car bonyl ?’CO) Srhéﬁblﬂgd %89’3‘%%‘ IS[ her e{eg)es%fd ‘1’4"%@5 aé ? EQJI f onam de
(SQ2NH) i nkag@ﬂon 4. The net hod accordl ng to Claim3 wherein Mis a .
menbrane sel ected fromthe group consisting of polyam des and cel lul osics.
15 19 February 2004 WO 01/14062 PCT/USOOf 12394 5. The nethod according to
d ai m 4 wher ei Ahsméthodaendidiamie Qlsm 4 wherkiy said nlembrarmméséllﬁlgslc fRltiedfrorl he et hod

according to i rein _said nmenbrane is ceI | osic selected from -
the group congthgt &H@J \yﬁ‘%&sg'ﬁ gfgglgllos%eré%eﬂgptsg %%‘EFI 5#'6'99@ a E{\ § fMOse acetate
and nitrocel | ofrogtulosé. The net hod according to Caim3 wherein Mis a

conposi te nenbrane conprising a menbrane substrate fornmed of a first
pol ymer, said substrate being directly coated on its entire surface with a .

second - polfyner Thymathgd ﬁmrmhg at Gem@ Wistedl M Es@epﬂi?dpﬁé.i@ n%ﬂfﬂrah@&dnﬁb@sm@a
hydrophilic surf

a e, method_according to m 7 wherein said first
pol yner is a plF Vﬁré'?e %psiﬁaéepfm fa ﬁrétfpog(m?fe%ubgt@{eé@mggqucﬂm,‘ai_eﬁ@n group -
consisting of ft enre sudce Gt alsiovRd ﬁolyrr@ptbyyﬁr&imta@d crydeld leWRioUE BRBRNIng
pol’ysul-f ones, E%q¥ %@ers pol yacryl ates, polycarbonates, vinyl poI ymers
and pol yacryl oAnYd9ANUE SUTece. The et hod according to Ol aim 8 wherein said
second polyner is a perfluorinated polyether. 10. The method according to
Cl ai m 3 wher ei n M is a conposite nmenbrane conhprising a nenbrane substrate

formed of 8a fi Mt MpiaedAeeqrdingsleiClaing ¢, waerein said fetipalymeriiy @palyimer UcfaPCé!Mle()n its
entire surfaceofd WBmBerGERSSS frérﬁ"ﬁﬁ%ro?ﬁ%&ﬁgu %fﬂﬁ@ﬁﬁatéogﬁogﬁg énﬂ{&eﬂn gronormer

polynerized in situ and cross-| in SI u on sal ahd havi ng a .-
hydrophi lic s@plysheenes, pplysulfpres npalygsiers.aulyaindatesy polycatordtes) 4 ‘Q.ﬂ)ﬂ whignes n said
first polymer bgim gg},wmgs or copolyner of a nenber selected fromthe
group consi sting ofy uorinated polyners, polyolefins, polystyr enes,

pol ysul fones, polyesters, polyacrylates, polycarbonates, vi nyI

N 9. “The method according to Claim 8 wherein said second polymer is a perﬂuonnated
| polyether.
10. The method according to Claim 3 wherein M is a composite membrane comprising a
. membrane substrate formed of a first polymer, said substrate being directly coated on
its enire surface with a cross-inked second polymer formed from a monomer
polymerized in situ and cross-linked in sit on said substrate and having a hydrophilic
surface.

11, The method according to Claim 10 wherein said first polymer is a polymer or

* copolymer of a member selected from the group consisting of fiuorinated polymers,

,polyoléﬁns, polystyrenes, polysulfones, polyesters, polyacrylates, polycarbonates, vinyl
polymers and polyacrylonitries.
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pol yners and polyacrylonitriles. 16 19 February 2004 WO 019 Hefi6ary 2004

PCT/ US00/ 22394 12. The nmethod according to Caim 11l wherein said second
polyner is formed froma polynerizable nmononer sel'ected fromthe 'group
consisting of acrylates, nethacrylates, ethacrylates, acrylic acid, .
acryl am dS¥Q 0H#eRacryl am des, et hacryl am des and mi xt ur eerivkewsi. 13. The
met hod according to Claim12 wherein Bis an am de |inkage. 14. The met hod
accordi ng 120 Cl1aé fetho i i | m. i e, .15.. The net hod
according to d aj ﬁ i151 \%‘iﬁfmﬁ?t@ tEadilaa-n ?é%é@@%@?ﬁgﬁgh8@&@%%3’5@%@5] 2contacting
devi ce for hol @PWGereablel mommesi sdlesied Vubror dien gsaipd comsistirc tdf ngcrplatss, ce

i ncl udes nean W ur ol yt:,on a receivi ol ution past
sai d. conposi t i gnne.ﬁﬂlti%@e%eeﬂgﬂag%‘ ac%ggl?cdi lr%l[g:;'lj't oa@q%"ﬁqsﬁ W@F@&Hﬁ%i d
contacting deviefacrdgniges and sixuresdharaoi.dge. 17. The net hod according to claim
| wherein the purified and filtered solution has been - essentially depleted
of metallic ions and particulate material to parts-per-trillion . :
concent r ations ThaBethathaccordibtiodiain tDwidielrgB ks an ahide fifkdge. Wher ei n the pH neutra
solution is water or deionized water. 19. The nethod according to claim1,
wherein the pH neutral solution is a.buffered-aqueous solution. 20. A .
met hod f orldsi mihe methadakcyrdingioiginng wigesinh IslaGulfopBsideffagear t i cul-ate materi al
from deionized water, conprising contacting said deionized water with a
conposition suitable for simnultaneously renoving netallic ions and

parti cul at'é. mafTee ineethod omicarting tb OIS @i GherbleisBlli ERPodBH S ARshdieRoyering a
purified and fi Iqtleged solﬁt ion essentially depleted of netallic ions and
particul ate rmat&HFCH ey bhﬂﬁﬁ\gﬁ@d BPegition) whsreinwidcenagtieg degiemsinciudaer ei n t he

conposi ti on compaisseSloRinge sku@RButoh Gﬁd@m%&lﬁﬁé%@%&f@%ﬁﬁ@&ﬁ@%ﬁ d by the

formula: MB-L wherein Mis an ultrahig I rwei ght polyet hyl ene
LR 2 RN b0 el 19 SuBRBT 4R Yo BB R B e R ©
~particulate material contained in said solution;
17.  The method according to claim 1 wherein the purified and filtered solution has been

essentially depleted of metallic ions and particulate material to parts-per-trillion

concentrations.

18.  The method according to claim 1, wherein the pH neutral solution is water or deionized
water.

19.  The method according to claim 1, wherein the pH neutral solution is a buffered aqueous
solution.

20. A method for simultaneously removing metallic ions and particulate material from
deionized water, comprising contacting said deionized water with a composition suitable
for simultaneously removing metallic ions and particutate material contained in said
‘deionized water and recovering a purified and filtered solution essentially depleted of
metallic ions and particulate material to sub-parts-per-billion concentrations; wherein the
composition comprises a membrane ligand combination represented by the formula:

M-B-L
wherein M is an ultrahigh molecular weight polyethylene having a hydrophilic surface
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L is aligand having an affinity for netallic ions and cof Bebruany 2604
functional group reactive wth a functional group fromthe nenbrane; and B
is a coval ent linkage formed by the reaction between the functional group
on Mand the functional group of the ligand. 21. A systemfor simnultaneous

pur i fi cat i gy el cbaokfior ebteMRidlidnaf ool Snd AthviRGL Hor4izh CumrEigh@pl al  from

a pH neutral solution, conprising: a device having a housing a nenbr ane
li gand conthier ReftigHatepatealroataipadin saidiselutingiusi ng, represented by the

formul a: M%é!igéﬁﬂeﬂaﬁlnp M diffni 1SFHBERAE foridland ARG RiddEa fﬁ%&?ﬁr&?%%v@
hydrophilic _or partially hydiophilic surface and contal ning polar

funct i onal Wit 8 fystiangl grp frsn thegperabiangeandsuf ficient to filter particul ate
mat eri al cBM &coRferit MnkaleGomldty tﬁQ’reéctibﬁ betweeH M ruRaidnaPgRlp oA bﬁ'(#.ty for
metallic |®ns and containing a functional group reactive %vl th%an" acti vat ed
pol ar  gr ol T¥neRne!igEoyRefdhaligandand B is a coval ent |inkage formed by the
reacti on between the activated polar group and the functional group of the
i gang wherein the nenbrane |igand conbination is capable sinultaneously
of es€bnt i ASYSieRIB dmulianacks auiifcation ard Hirationefmetalic ions andiperticalateont ai ned

in the pH meatibBfrord @l gH hélliral Solghi; B&hbAsIRG" - billion concentrations; and a
recirculation system for flow of the pH™mheutral solution through the

menbr ane | § §aYieF ¥ hausioshand a msmbsang ligand; cogbinetipnrcoptained withdoteui t and

a cont ai nefiosiy, FdpPERMITy theWridul£d and filtered water. 22. The system of
claim 21, wherein the device is in the formof a cartridge. 23. The system

of claim22, wherein the nenbrane i gd®B-konbi nati on is housed in the
cartridge WwherBinlV 924 AftnfRaiid SdoRigolile mbfbrane having a hydrophilic or partially

hydrophilic surface and containing polar functional groups and having a pore size
sufficient to filter particulate material contained in said solution, L is a ligand having an
affinity for metaliic ions and containing a functional group reactive with an activated polar
group from the membrane, and B is a covalent linkage formed by the reaction between
the activated polar group and the functional group of the ligand, wherein the membrane
ligand combination is capable simultaneously of essentially depleting metallic ions and
particulate material contained in the pH neutral solution to sub-parts-per-billion
concentrations; and

a recirculation system, for flow of the pH neutral solution through the membrane ligand
combination, comprising a circulation pump, a conduit and a container for storage of
purified and filtered water.

22.  The system of claim 21, wherein the device is in the form of a cariridge.

23.  The system of claim 22, wherein the membrane ligand combination is housed in the
cartridge in a pleated configuration.
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