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(54) Title: FILTRATION AND PURIFICATION SYSTEM FOR PH NEUTRAL SOLUTIONS

(57) Abstract: The invention pertains to a method for removing

metallic fons and/or particulate material from a pH neutral solution

using paricle-removing membranes {e.g., ultra high molecular weight polyethylene) having immobilized ligands that possess the

capacity and high equilibritm binding constants for ion removal,

rifying deionized water.

The method 1s particularly useful for simultaneously filtering/pu-



BACKGROUND OF THE | NVENTI ON Li qui ds, such as aqueous and ¢ggapiugn 2004l ds,
are purified to renove unwanted ions by passing the liquid through a
packed col um of ion exchange resin- beads. In order to inprove efficiency
of ion reNS¥@I14863d rate of processing the liquid, small pertiseekmsesi ze ion
exchange resin beads an h flowrates are desirable. Wile snaller
particle size resin beadé—%ﬂ#&mgﬂfwﬁEMa packed- col um, they

al so effect a decrease in tiperigHNEUITRAOYOL@i6ghi ch, in turn, renders the
optim zation of the purification process utiflizing the beads difficult.. A
comon undesirabl e phenonenon when using a packed colum of beads is - the
phenonenon of channel i ng pheRERGUNDGF THERVENRBNNO Purified passes only

t hrough a portion of the b’eﬂWﬁ"‘lWﬁ%‘n‘g"[‘H remai nder of the-bed
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exchange resin| gagd kkh §§3E1UQ(SIB afd or@éh'ic\ﬁgﬁﬁs mg@hﬁﬁﬁéd fo?erﬁor\]ghr{ﬁeanﬁ%[oﬁsrl} n particles

are swell able in _aqueous |iquid
conpri si n@asé‘"ﬁg]eﬁ'ﬁ‘ﬁ‘i’ thﬂquafa@pacgeﬁpo{umg of ighexsharige regie bE&EiSI m qrmartm mpreve i S

cont act ed eﬁ’itléri&y Wik ﬁ'&mdva a‘h@ ?at& @?ﬁoc@%s@a Cgl @Eg%ﬁa? % é% g% fx at e the

porosity of the conposite is. si Eﬁ%flcantly
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t her ef or e '4ppes% itpeapliizafion fof @Rlpbhﬂcattoy pecsesy utiiping e Bdadd difficults €% camingdr ocesses
nccor di ngl ireoieBe,prthdrtnb 856, LGRS W3eT HalNES hitE Ak RisvRg Fon renova
capaci ty chdfineling wherein iegluidl being atpﬁeﬁ ms@esfdnlycthr&lyh)a) postidfloB Bk @ed whieCs, have a
hi gh ion F@@ﬁheqmg&{mg d UnHQ{Ilﬁi;ﬁ%r ea and permt nmai ntenance of

desirabl e rate per un| ar ea bugh the nenbrane. when it is wet in
aqueous sol-ut i dsignifioantaebiem associaled with inbalpdvatingl s Iemhhige résm pRfiewd ife asuch

menbr anes i.cientl rocessin h vol unmes of pH
neut ral |Fe{'ﬂ‘:' h"ﬁ%‘ §“%?E“r J%gr"{;p% T LA OO IET SUMMARY OF
THE | NVEr\mnmsntEhmateuahmnmrsm@ apETyimer bisddrcana tﬂi&tthﬂcﬁaﬁUe feSinukices sel ected

d t | at t f H tral
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filtering/ puri@frahig rotedcolad wsight pdlelhylds i€ 2 desirable material since it exhibits good

chemical resistance to a wide variety of reagents and therefore provides wide fiexibility 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.



According to the nmethod of the invention, netallic .ions. angiFgsikiycadoat e
material are sinmultaneously rernoved froma pH neutral aqueous sol ution by
cont act i nyowka40§2jueous sol ution, which is contam nated RGFWFOHEB8 | i c i ons
and particulate nmaterial, with a conposition suitable for sinultaneously
renoving netallic ions and particulate material contained in said

sol ution, then recovering a purified and filtered solution essentially

depl eted of netallic ions aﬁﬁwgfﬂlﬁiﬂﬂﬂﬂ&:rial to ‘
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formed byoiiios whthad torrmbedeBnmbtbiic Bd dnd bdcliaeohaterial itk B comphsitite -
functignat group of the ligand. There is also provided a method fo
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conposition suitable for sinultaneously renmoving netallic jons and
par t iRACHIALe MBI 19 SUbGRATE RGN COnsP Ao TERPSRNS HSSHHOF BevRs PRY a

pur i friiAn@eshpridet £1 iBA-bilind ligaRd @86RM1d @ eynbratR) hatirgl ae bffifRy fr ictaliciBhRs and
particulate materjal to sub-parts-

gl i er-billiaon concentrati Oﬂ% anrei n the
conp¥IAhaYRaERANI isremaye paficHigte ’?‘@%‘_&‘ castainarinisgid soltieasEif BEMBIANEhe
f or myjgand bbRbiratiohie reprasddteS bpthetfofrhi@li gh nol ecul ar wei ght pol yet hyl ene
havi ng a hydrophilic surface and containing carboxyl or ester functional

group and having a pore size suffi M8kt to filter particulate naterial

cont ayieiniN isSindnibPand drifompdsitd meaibradd derk@fbdlto ihavéa hiygrapHilidavpditalRn
affinity for nmetallic ions and containing a functional ro,ug l:‘ﬁ%a,ctlve wth
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of the li1gand. In a preferred _enbodi nent, the nmenbrane wll copprise a

pl ur aﬁ_"F"tW @P'aﬂm h@%ﬁhawn@aﬂa@mw F%[tm%?'éc !OGﬁ aEBéEWﬁl“H‘QﬂW"SW Pup
enbodeaRiVe witM drsactienREpRiap GrdupTRom Btk Mambiane! SiEB 8d ebtakdnt linkage formed

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;



contained in the solution. The filtration/purification neihpsasuafy d0o4s

I nvention have several advantages. The fluid to be processed can flow

t hrough a nenbrane structure and react with the ligand that is inmobilized
on the menbrane inner surface with very small mass transfer resistance.
This allows the fluid to be processed through nmenbranes at relatively high
t hroughputs with no loss in |igand-lon conplexing efficiency. The particle

tenti i ' i ; - ' ith i d .
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hi gh Hpglienetgreup ghthelligandr essure drops. These engineering requirenents may
not as easily be met wth bead technol ogy. The invention furthernore
pertains to a system for_ simnmultaneous purification and filtration of
metal | ic i BfsPEifIed smaodimentcthpuwembrane willpmpriselamburalitnbf difiérent liyands

conprthat /g iorsSERMICCIH dhdHen PN i ' conbi nation,
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is a %‘ﬁad? '8 g sQlghiRkosi t e menbrane having a hydrophilic or partially
hydrophilic surface and _contaihing polar functional groups and having a
pore size suffilep BRstioppurificatipnamethads ot this inveptien have saverall advantpges. éd fiid sai d
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be apparent fromthe followi ng nore particul ar description of preferred
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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.
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invention, as illustrated in th e acconpanying draw ngs i o pébrabryBioke
reference characters refer- to the same parts throughout the different
views. THEOQVEMhgs are not necessarily to scale, enph&§T4SPHBad- bei ng
placed upon illustrating the principles of the invention. Fig. I isa . .
schematic view of a process for filtering/ pur| fying a pH neutral aqueous

sol uti on aqueous acid utj this invention. Fi 21is a™
graphic il ﬁust rati on of Eﬁ%ﬁﬁﬁéﬁ E I ated cartridge dgw ce
containing a cmpmégoinmmbloﬂalaxzsﬂectsl gatkbs HORBRNIRSH Rl invdRibnPRIP pé di amonds) ;
data curve CI npdel curve gsquar es) -TAl LED DESCRI PTI ON OF THE
| NVENTI ONiPA#{BNt ﬁ“ﬁlfB'!?W}B%r“ﬂ%? Rartiguar (gEesorpfion Oéﬁ@fﬂé@le@é@ﬂ‘mﬁis elethdvi ng .
metal lic m\@ﬂiﬁanamlusméotm ﬁa@laaéoﬁ]p&@tngma@ingé e 'J%fgr@?t%rcﬁér RRYS solution

such as, but not limted to, deionized “water an ere queous
sol ut i ond? herRemgeatschrougipy dfer Jffepnt viewse SThe feawinos eremet necassanibtiastdlec | ons and

par i oul ainphadd INBHRBLAPHIE ARSI FAIHEAA nBkfi0 a_combi nat i on of

|igands that " have an affinity for I'C 10nsS o I ht er est and nmenbr anes
that are capathi®e 19§ arschamalig vigy @h@ progese tfar diliering/purifying er pHaneupralexaestis i n t he pH
neutral agHesusucas Ad Miking HRSSE nQBHﬁ;gglbe%ﬁoca“ be ~simul taneously removed

usi-ng nenbranes or: conposite ne surface nodi fied) having
i on- bi ndi ng | |Fgﬁar2d§ 3 giRphi illu?;ir@tbntdlfethe@ﬁectl‘iéhﬁslofgaaﬁ%edpcmts@sdamm conpl.exi ng

capacity d 0 val . Metal
recovery C?'Frp%mmaﬂ u "hrlmgﬁhkm aﬁl&cb %Qgtoa?? Us%or?s d:arp%[@ﬁ)eggﬁtcurge real need
in rmdem(oiﬁtehhubtiaggw'vemuarm) i ons and part iculate material are typically
present at | ow concentrations in solutions. Hence, there is a real need
for a process to efficiently purify and filter pH neutral aqueous sol utions

for their 'reuse or dDET/IE) DESORIPHION OF THEINNENTIONON accorrpl i shes this _
separation eff d ffl ntly.by the use. of ands bonded to ‘
nmenbranes in a@ 'JP’é'i‘Hﬁepea? %%Wg&ﬁﬁegﬁg&%ﬁh HENRig rp@tal O$HE8% found t hat
t he ln‘enblrmrhetﬂatamatew $omn raw:eirlteutnai a@,reeummlmm @cmés, lbambdlnme@ﬁ,d?eimlé@ ntially
conpl ete re i net al s ti tes om pH neutral solutions to
speci f i cé'%/afeéﬁn?é‘f;{é%g aglfeo%m arll}"B "5%' 4pigue yp%ﬁg} g and filemout pstalic The term
"pH neut rigis aa@bamwmsfmragH nél@chqliedbe kdlutibis Uy%&aﬁé‘ﬁ%bﬁ@hoﬁﬁhb&% gepter (e.g.,
very

d
Concant r AEVO S T sl i o Pt brret el b opablaol HGTE H1 r ange of

from abqutticiate mathal resnt iitlept hbit0&Huedds Bokufondbidle ihpRritREicAgper ef erred. 3
19 February 2004' WD 01/ 14062 PCT/ us 22394 |t shoul d be understood from

the di scGEEHRIRONSY BINAVEE NSRS MEBOERSSISY SpTBPosiismerBbranse dey gurface modified)
having ion-binding ligands immobilized thereon. The ligands possess ion complexing capacity

~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.



simul taneously renmove netallic ions and particul ate rrater1gal=ebrh‘@;\mea, It
is not essential that both events occur. For exanple, a menmbrane can be
chosen sugodifadsat he pore size is sufficiently |arge topadisiongasticul ates
to flow through. Thus, it is contenplated that the ion- binding |igand
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and parti ButtBi " dehce faﬁd)gN%'r" \%ﬁéﬂ%}hﬁﬁl I\f’l’ﬂlv é(ﬂ{d%tﬁa?gﬁpllgﬁl ri ses

contacting the aqueous sol utl con am nat allic
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i s any nendﬂmdah@pes Usampfctsé ineemrmrtnnaammdterdr\raiucezaﬁhrdmeh@\/@nﬂdére(drsophI lic
surface an ﬁl ni n%]éfol Fr 'fHECt |ton?a} groups, wherein Mis capable of

r emovoi ngaﬁgﬁ’q c“ﬂ Jreospief Qniamynated WASIEWRIER i n said solution: L is a |igand
havi ng an af f i Thietogndra metied ft s.mmtanmgy &mdwﬁg)métﬂhd]d)rﬂgmaparﬁddlatétma‘ﬂém@| group
reactive Wil’th an tlvated Iﬁﬁlar from nbrane; and B is a

coval ent 7Y r?fi'a’éeé' o?qH%O&SﬁQ ‘PF“I?E'? ér?qi:'??éls SeHGop WEEN ol ar gr oup
and the fconeimiraral witir getalicofons Taﬁtﬁpbrh@&wjmaﬁﬁ@rﬁiﬁ'ﬁﬂto@hbéﬁoﬁshliaﬁlléﬁ&es are -

selected fromthe conf I sting of am de ester (COO, thioester
(Cos), cafby %?DUE’!:%“OW Reialic iggs 3"8 IHP'B%W“F‘e'Pat%'@; conf@mﬁﬁi Bread éoivtgodyen and
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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.reéctive with an activated polar group from the membrane; and B is a covalent
linkage formed by the reaction between the activated polar grbup and the functional group of .
the ligand.  Representative B finkages are selected ﬂ'oni 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 ré!ative to
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ions to be renmoved fromthe pH neutral aqueous solution and the desired
lifetinme wholidgsiiltration/purification lifetinme. For n%ﬂgygﬁﬁg‘mter-

applications the only requirenent for proper ion renoval is a ligand with |

[ ' hi gh. h. he i fficientl h
dosi red | Bnpreriaf SRl B RO R B Sclet iR pipelralaest SRAE i ons are

equi val enthe tesirddifdtinet of thbGikt@tion/pdifit&of fifbtmel Gol dewMakifdl waleCRPREIchY kY. Hence,
.. Nt eraction.const 6- 108 and preferably 0109 to 1011

an effectirlye %Bt Pf c?1; . .
i s suffi cTEHPIEMILIY BiopsT {9 eTPYA & I9and Withatinteractign epnsfas highhenstigh fowi t h at
| east si grinbiecthdion sffidendy © freidedilel 106 AFor Gik@Ate! IB\.@EJ;:SbVéﬁd 6w PpiHvelt REmodt! gand
capacity,. al on Wli?h r%ﬁ@d kinetics of interaction to beal vvlt[c")l the | ow
| evel s i N9 %3‘9‘?"*? At oL e 104 and 0% 1Y) Meler, sespesiivelyi dieneegan efectyeal . The
specific ih@fé@ﬁbﬁboﬁsianf@frﬂmﬁﬁoﬂidﬁﬂ‘ﬁre@ab@_ﬂ’ldW?E]d"i& SufficlRah é&ﬁ&ﬁﬁe o4 ner

, - nenor

|'i gands, |lon renpval is stoichionetric, e conposit anes with
i mmobi | | ZBPP G APy leulh il Aleleqsh pighiicantand prefesablywiearfayeniitativeriseiohtye t r ace et al
| ons 1 r OmgahcEipRi el W84 ikREs OMHeRAcidndo By RN b udd 08ed, "iﬁw&’“gh the

nmenbrane structure and the trace netals reac I'mmobi li zed

on t he nelablednexemplan &f acsumpiishing theoalh Tagspasificsertavalnt et ionabesligaiier ef ore, the

fluid can ﬁeo&‘ﬁ%@ﬁéﬁ ar{dg!r}&pllgﬁa\tﬁg_stlofgﬁgm&%nes at relatively high

throughputs with" no-10ss in _ n conpl-exing efficiency. The
resi dence ti melhgfcompasis mempraneghwith knemabiindorligarel graups Birstplaricutariglesefvfora fracti on

of a-seco f - ; Nyt gquired for the ion exchapge col um
oper at i on@ﬁljgvﬁﬁﬁe&c{e ﬁ%%h@ﬁ%@%%g}'&eﬁJI er\ﬁeégo ﬁea%ﬁ@léﬁws &'E‘PHQ E’gt ed into
devi ces. mémshranersithitue hildghe frace wetalstreast withcthd ijandpfinersabilized on GHeommnbrahbese '

engi neeri; Iy easi | t w.th -ion exchange bead

t echnol og@'%r E'%%gé) 5 gﬁ@?@?sg Q{ag%fégﬁét?so ﬁﬁ‘ﬁ%’ﬁgﬁ‘f’ i cay berfﬁ??ﬁ%ﬁ‘?ﬁ@?”&h@% been

combi ned méntnarie glraletivelg bign tircmghpuis with anessy igagdvioh Conipmy 6fideagh Thens. and -
particles_f ‘water._and other pH neutral solytions. To achieve the renoval
of multi prpééeﬁgénfﬁ@%cﬁgﬁ@ Bﬂm\[}%{}%’ T%WEH%?&W%’%&@ frgetion piABIONE.ifaldR¥S ont o one
menbr aneltdmvi?ﬁzﬁtes Fequived i‘ogahiﬂjim]csexdmg@lﬁﬁm?rt @pé’rﬁ_mverhé % CilnfrioBiiizZed ags. of
ions. . For . the.Dl water.purification, |igands SL 420, SL 415 and SL 407
(comer ci BPTSIETES HPYe BP0 FbycgiRe in-devicgs, iz ratle gk Aok rasicbd bW RESU Amer | can
For k, Ut adipsaleest engieelirigzeirenenishfe b omily Y RRPIOSex R 580 fbhrbBRPVE | Ons

listed in.the follow ng Tabl e. shown in the Table, these |iIgands have
bi ndi ng cBlSPHHE ?‘%"W%i‘tpg%ﬂe@e%%"ﬂeﬁﬁraée% e P@ﬁﬂmwdi%&gaﬂdﬁeﬁwomvgxye| s. 519

February Qo ehiolé BERioMahe btdibaR Ihier & cther pH neutral solutions. -

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 (conimercially 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.



LogK Values for DI Water Purifi.er Ligands El ement LogKLi gargrdprudi§o04201
Ni -13.5SL 4201 Zn-9.5SL 4201 Co-11SL 4201 Fe-8SL 4201 Ag{ +6 5SL 4201 :

Mh+* 6SL
4374 1.

hc s

"18SL 4152 Al -16SL 4152 Ca-7SL 4073
t Application No.. 09/202,731 2. U S
5,182,251 3. U.S. Patent Nos.

4,943, 375 (part| cles),

73 Pb> 8SL
at ent 71%8
5,547, 760 (rrenbr ane)

and 4,960,882 4. U S. Patent No. 5able3, 892 Accor di ng to the methods of the

invention, high purity water is contacted with a mcroporous |igand
menbrane device to effect sinultaneous renoval of netal ions (such as
t hose pr and particulates. The purified water is

Y.Wdeg fof pp\gg ?*ﬁuﬁf}e?ﬂ ﬁg

recoveren use, such as for cleaning/rinsing
silicon Warers f ||o ng tne chemc et ch processeé or torf any other
process i besirablie to hai@gmﬁghl y puri fi ediﬁé‘%r Jqueous
sol uti on ----- sisimmmin-y —BF—water—carm be i aimne
peri odi c4| y for €4re 6 19 February 20@4 WO 01/ 14062 P&LARYSOD 22394
presence f—undesitedrmetal-tH-ons—to—determ-pe f—t he-mepbranre—dedi ce shoul d
be repladed. TheNpurifier dan be us@d-in a refircul aLd2'syst emjshown in
Fig. | orfl.in a aonce-throughi(one -pass) flow chnfiguration in whiljch-the
wat er cor“(i nuous! yn+ |l ows through t heggevi ce ang pur| f ised2p1 As shgﬁm in Fig.
1, contaifner 10 contains DI iwater and silicon wafers. The water ifs punped
by nmeang of punp %2 througk condui tg414 and 1p into eppp@ct with the
menbr ane fpurifi er? | ter whi ch .}uncti ons|to renove 1ons _and particles
in the -er. The %ul’lfl ed VAt er ther]3 Is recycled . thr conduilf 24 back
to contaigper 10 (ﬁ liters dize) for Teuse. The wat er T's conti nua{JsI-y
At 65 SL 420t
M+ : SL4152
© e 18 SL 4152
Al 16 SL 4152~
Ca+ 7 SL4073
“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, .S, Patent No. 5,393,892

According to the methods of the invenfion, high purity water is contacted with a

microporotis ligand membrane device to effect simultaneous removal of metal ions (such-as -

those provided in the Table a

bove) and pariiculates.

The purified water is recovered or

recycled 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 —



recircul-ated through the purifier until bath concentrat i ord Feaaag2009wW
equilibriumion levels. In thi's fl ow node, the. solution has nany chances

to pass twb@uedvsi he purifier and be purified. In a onceptivuseghsss( one pass)
fl ow node, the water flows through the-purifier conti nuously The. ions.

and particles are h and device. . The f|e ter is then
T et cq PESTERY FrdeSTon geh Ve i B s Rl Re oS Rl o B0, Ton Sire o
wat er haghepiificotsd beabaris @ récﬁrcuiaﬁt)res;etem shévinhin Fige1 bi ig aromee- tﬁmught(merrenbr ane,

2 the, RS ISR Ik e Vgl Sote b8lan BR SGHE e BTG, “The éh

| nner - surdsapcurdf ia. Qtorfidter 10 @aEits mmmramomcdhrv@femdaﬁe@ﬁtoaémmpemess to ians
ate st ronger. -

for binding tq the sites. The high binding constants. cr,

i nt er act TS tt@ytﬂgé#h%t@r}r@n%w g dhne ek Wil heETigRe PURAUIZZ, o ppt

I evel s. i RyHRASUNBRHS td reimdGdhs bﬁtﬁpaaienés fnlﬂearwateTh%e‘ lsuhterdatazéawe.wrré@u@oat i on
process of the invention can be carried out in h/Ebmanner t hat provides

for bri ndrmghtoraduit #h dackriescqntainer 10,14 ditars ize)der rayses e, waltdhERRERO¥Hom t he pH
neut ral récﬁtl:&!été@ﬂrohﬁﬁ fie ﬁﬁﬁér@ﬁﬁi bt bhcdnStioh reeid SowrdqhdiprRfl idnQevelae e nbr ane.

The preferred enbodi men di scl osed herein 1 nyolves carrying out the

process biis faw meflentge schsionhas mani shancesgpassitisench e gurifietand Sepurfdc: h a
coriposi tion ofy, et Ao t Bk g&ﬁ)eﬁovt Ydde, RO LARE flows Rﬁrﬁl;gﬁ C}F?é)' pyigRde in a:

contacting device conprising ousi ng, such as a cart , containing the
conposi t iconfinaguslyndhe ops e pah@ea ane eeroved vy B ligand slevieg. tTheptplﬁedn\eaj@rriSal sol ution

t fl t t t act
0L Ob e DSOS Ao i S ] G SRR TSI o COPL B0
rreans forchﬁrtoe\m intpramt wltttth&:l'@amtsloottheomme,,ttausrtm:netnmiahq iens Imusti coerr past ™ sai d

ol eat e RUILDSRA e 7 e SE @Rt (EHANAAR, R bERER L7 12 °

sheet, ‘stsecdodd Tt kigh iomer buofadecarea cﬁﬁtbdagand mambrbmsmmdes grienfer ae@ess tv |ng ous cont act
appar at u d.of .cartri S, ect.ed I ons

conp ox PtiePRD HE LIRS e iRl poseB R SR TP ROGH tsRaCl e o
solution 1ommﬂh@mmsadUOWMSmmmmHemfs utdme pkss ¢heovdh meurhrlﬁeme and cartridges -
containing t t the an ner at.ed r enov of bound
onsFromt ho 1 SHRIPTERMATES o B RucT oL S BR e pUVR Py SEE 0% arrove. ol |
cont am nagrbvedet @ orihdiey- mewngomsoammlamuétdtan@tbec:omwed lmtneth@pbr nemganl ficant 7 .

pr (1)?: eg glbr uﬁ‘%‘¥%%82°%n§? ‘@%tﬂ]%jga@f; gg%dha %?esm%{“zt??z é"iae g%ﬁ‘h@?%’# e for the

superi or d?@fo&étf ﬁ@éh@ﬁ?wéh‘lestchwdgl @amdfﬁmsésrt@rmngi@vmw R8P Gblidtioh intd Or
appl | cations that e[%w re
contact with a composition of matter of the invention. Contact is preferably made in a

contacting device compnsmg a housing, such as a cariridge, containing the composifion of
matter of the mventlon by causing fhe pH neutral solution 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



sub-ppb level, of cleanliness. This can be acconplished bio Eebriagtioog t he
menbrane with an acid solution (e.g., fromabout 6Mto about 12M

hydr ochl oMY@O4¥P&) under conditions sufficient to renovECTHEM23WE from t he
menbrane. The ions can be collected and recovered using known techniques. -

Pr ef er abl gktradidbs &3 haprdagssiah dtkis aEfstive Wiednie isexX kdyedtdr fespbRii 0S#E- Ppb

I mpurity) and&ﬁEOU|%N§e strqp nou%h to renove all netals bound to the

|1 gand. * FYPETEX BRFBIMENCA\E difolopnc ek FlYcey pIRSRAN Y FPPISRIT VBTN 12M s
pr ef er r edsubpEledNer damimBalThiSRan bﬁ&aﬁﬁngﬁd b théeﬁng theomPAshlel iR an usef ul in
the present Invention conprise. ion-bindi gands that are covalently

bonded 't A SRUtRR{BG SOMAEUIGH taAboi2ldyd Oéﬁ; 30“1) HFQ?é%qné'ﬂonséléfﬁC%H?I or ot her.
sui tabl e g Ja%cln@ieﬁé hAMRe h@ﬁ&aﬁtesnkhéagead B aﬂéc?éd'ana ﬂegure%d uEﬁ% .
5,547,760, 5,618,433 and U.S. Serial No, 1745, 02 heetlreteachlngs
of whi ch ‘Behaigugse @ﬁ%atax & dRapiag phamjcal sheyld b@ ﬁﬁ@me!ywbﬁtb fssbrogb impurity) ar e

| nher ent |éﬁd'§¥di'ﬂd%'%[{$rig(éno%ﬂ'io r@@ dagllﬂe%lsh%ﬁ’r{d%)ih'elh ﬁé}%x%@f% bﬁm' eties

appropri ate ese are preferre Such s i ncl ude
pol yani degsade W@l dfom a@UhﬁMdmabwh&ZMé:nsl niferdc{Asiand rGhainisal Csucﬂvltmbus;el | ul ose,
regener atggd.cel l ul ose, cellulose acetate, and nitrocellulose, If the

menbr ane usgd does not contain reactive groups it may be nodified or :
deri vati zed apjomppsitions asejul inChenpeesért dnvendiod cam@ise dondinding digandefhal are A conposite -

Cr oss |1 ricu R BB AR anfle aih Mioctlh Bb B Bt ook "ho1 Yo &

formi ng tioed aeivhavabeersddssribediinaletait @l L8ePatérit dlos.i 5647 26D, |5;ﬁh8'marad iUl udi ng poly

A Voo AT Bl e

pol yet hy!| embrindbHat am)imaemlpyﬂyemmhcpad ymw|thmi|enmd dmthint ﬁl@leiﬁeb ke;

pol yeul f CRBPAl GLnaioD dieet bRl s AL Sup Bomfas S v AHes B ng

pol yet hyl #&ngioh, Qtn&l@élhhﬁd: mtatenaxspeukcwwwlhlegse régBricpdt demlicab ecelhadidl atdide, | | ke;

pol yacryl ate onat e et hers such as. perfl uorj nated
pol yet her@4d ”@HB‘S@ ﬁ%cﬂ’ ‘W?ngﬂ 9reURp & may e BAdined

pol yacryl @mbwahie@%ppr@ﬂ@t@w YU@ﬁyﬁnsnfé&ﬁenﬂireﬁm@s Q@ ald6 askill. OA chiiodite tBeritime POI Yy TET
menbr ane substrate, such as copol yners of butadi ene and .-styrene,

f1 uor i nat ©MPASEAA BOTRS RANBIS) e raﬂ%ﬁ%hs%*f%ra“ @ rigsoluble. erpssdipksd 1SoRINdor oet hyl ene
copol ymer gen @é’t@d thr@oH Fl%?reséﬁ%vd@uﬂébﬁrﬁo%ersw ﬁl@%%mﬁyﬁb@m ihdiggeu! trahi gh

nol ecul ar We hyl ene contai ni ng car éb},‘!}c roups, such as those

deser | bodiai Sohpe WL sl 4BacreBiing, (EEL ngdsa TS, Wt h
COMpOSI t ePYBEDI ARCHo 1S palihd W8 TRTRABAAE! At InbiBtir WBGHIN O

af f ect at per or mance I zed ne e an limted in
conposit i mlveﬁsvier}e (HFE) rolypepylenet golymetylpratepeane the like; palystyenelepsubstiuéed on its

surface, QshRAQ WOlirdhel KO ad ARhiohd HolyERALADRS ahdtheBiike; polyesters
' including polyethylene ferephthalate, polybutylene terephthalate, and the Iiké; 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
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This provides a hydrophilic layer which interacts well with water or other
aqueous wolami#ehs. The end result is that when the |igded/UseiiEi¥ached to
the surface of either a hydrophilic nenbrane or a conposite nenbrane

havi ng aaﬂbibgﬁé?é)@éétlbé:gr&}ér f'l'ﬁigﬁr’ow@é%% hy&@;%'ih@ Ia?é?@fhﬁﬁinﬁe?dc&tv&eﬁﬁlmﬂfdat&rby gi ven

l'igand nolecul e are not nged by’the process of attaching it to the S
sur f ace . @fher {ggueokfesoniengr éhemndtreﬁ@ﬁ Buhat ab@ the lgand is aitprbed: i9dhg wga%foft he '

conposi t gy %a m.ﬁcmém&é@eo? aacoﬁnenfs)fér%remzﬁme ﬁff\ﬁ?@saﬂyﬁg quﬁaaeotn@r such as

acryl ates, ates, ethacryl ates, acr aci acry | 'am des,
met hacr yb@mcmtenehchafcanyglmhg@@ nmieguiwrﬁmhcb@g@m@rtb@proces@@fraé@ém ative

sui t abl e B%eysﬂﬁécb?ﬁﬁlﬂ?e nawg@'étﬁfakﬁ%hlpde hydr oxyal kyl acry'llat es or.

met hacry'l ates 1 nc roxyprop-2-yl acrylate and
2- hydr oxypr oplhelso;lmgadr he acpmposm/memhsape opyprives laapatyrieszed, cross-linked
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net hacr yF‘&Y% hé# ﬁ te%@@@&%w Q@th%]a??oéﬁg% h“ﬁa? @‘fegtﬁ&ec’f and benzyl

deLl \éat | oaer @%an@&e vmanohnelagmifayl caahlber léﬂliﬁad \iictiié hﬁﬁiiiyhcnﬁrm NeN- and

p- hy roxyV|n zene asic consideratio ecti conposite
menbr ane dimeth %wa k. 'E@%ﬂcfyﬁ’& 'ﬁfe?iw?m%q?cwlﬁtﬁe Q?Errmea?,g 'SLF’SQ’{;& is the
det er m NiR@adradigs, étﬁhcﬁ}l@fnidés Bt thdike COBEA r%feé wf Hyﬁrepslnut oatif@ iRk dtbky. attach
the Iigand., For exarrpl , .a conposite ne

[ ane ?Fz‘ﬁ gﬁl n)g a\ a]r boxylic acid
functi on&?edg“i‘t@ﬂuﬁ‘eé‘éﬂﬁe Pfdlﬂ%"‘ﬁﬂt'oal'ﬁcﬁ%e S (o ! 95’“5% bt IV REYIg® oup from t he
li gand, " gRemBhacridRe phlsd afihébiugh é@érﬂﬁ%fé&yﬂﬁeﬂﬁdc%fé@ dngTreidyl deAdlive@n. The

conpositée polyners referenced above can oregar ed wi th carboxylic acid
active gFdFs ViRyheanzy siforge vwéamzw@m@sm?ém@w upon reaction with

an amne grouﬂw%m@cénbagé}%n m"@léﬁ?ﬁ@'écorﬁ’ﬂﬁlte%en{%e%tm%e%ﬂﬁﬁ‘b1§ce8pec| es

whi ch are reactive toward an acid chloride could be used to attach an
organi ¢ lon.ghenaempranch gubsielf fsalbe . demrmmg tptan inedlefinipg dhe ermistic Hsegr Bups woul d be
esters, ICB\{h%ﬁ'@taﬁ chithe érﬂn%r%rérﬁﬁ’egﬁ%lﬁosﬁe%blﬁﬂ@ dtkﬂléﬂjﬁiﬁolcﬁrb&@ﬁt acidf eactive

group on ace s a sulfonic acid hen an ana ous procedure usi ng
a- sul f onyinciishal groket ean o i apidel baind- with A Readast inCBrOUpJTOHbE Boob 0B fled wi t

car boxyl iy, agdidyd H&ﬁotdé Bﬂ@éddtlhﬁﬁbmz%ﬁ Tlﬁ%ﬁg&% gngﬁﬁersc@f@h%g’d 6% eSul fonic

acid reactive groups: alla under t enane r)y from
DuPont asaldhesmﬁpdmdmﬁabzamexyhﬂmif@h\atﬂrgllps thai caalblegeddiyeondsted bognigdsn an -est er

or car boxyl, GLANPWRNG APt Ligh MBveUnf %f thé B8GGganic species

which are reacfive toward an acid chioride could be used to atiach 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,



The conposite menbrane conprises a menbrane substrate f or n®eHelnbiagy F007st
pol ymer and havi ng coated thereon a second pol yner having a hydrophilic

surface. wWeagasond polynmer can be coated onto the fir sicragdodimBés by a
precipitated crystal technl que. Alternati veI y, 19 February 2004 WO 01/ 14062
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whi ch miycMM?EWa&%s@OH@UARDW[:p&e C%ora‘h&ﬂ‘vb U..Matni TRl ?E‘FB?%N hat are
on

reactive so as to forma coval ent rane attac
functionaliti ¢d93Rf%Whgh Ay bradapigd to pogtainpte ntOHCSH, g6 meictieg hat 8re547, 760 and

5, 078, 978 readiesd 413 Rékn & 3bvaldR 536 \ﬂfﬁtn?éﬁlbfagé’g(‘lgatcf?@d m&k?game§@§§és§§§§ﬂ of

am ne- cont ai ni ng hydr ocar bons . sul fur
and ‘ni t r olénPaemiNgs 1.61§.4B3 41546 tﬂﬁﬁ§0(%97§ Theyligind pert kenseleles fros 1671, 819 and -

5, 084, - 430houstnkitig of o?gmgébéh'te% 2%%%%@%&5 b Satent Mo 95280 i hurll?

4,959, 153%"and 5, 03 Cro ent Nos
4, 943, 375akgirogenPARINg fiydroseibens4e.g.. lyS{ﬂa&st:iﬂﬂsrﬁﬁﬁaedgehdﬁﬁﬂmﬂw) silfug

hydr ocar b)%ﬂlﬁ a%rdé) chtbons ( Eﬁl Us. it Nod 82z574k) - a0 %@534 L%@v‘fﬂéap?{]gyam ne-

pol ycar bo cont al rocarbons, pro on i'o crocycl es
(e.g., U syptMS deg. . Palar@@lo,% 84894)3 37pyani cﬂ,ﬁi’é%&)nhmnaalky@olsghﬂnmeﬁd-bons (e.g.,

goﬁyt F?;fgénlt%@rgngny%%c%{b §| i G p%r ocag%'go&% ?%%15]8p® ﬂ@gqeéqﬂyame-

?, 244, 866))olycarbo>th anitbdootaining hpdedchrborey prbio?(lomlaali{af mgtf?dibymr(égj U{Sl@atbty[_dr ocar bons
e.g., US, ur_an ron Wi ng - groups

contgal ni nY hy%&@@%} bgﬁngm?-gongalmnguggirocaﬁa semg NgUg %@t @8'1)5 Oggéféw | 99 p

hydr oxypy pmlyéirmﬂqﬂmmomdm m@p@maﬂwiammecmmnmgnqummme (ng 08 eftencRS.T i er

The i | gante*apB) Tiol i Peripl oot Blfsgerd et bion FRENSI t hor

certai n aNka3,173,420)k adifungnd esactrdn, wmﬂhﬁﬂa{mg @Ratlﬁﬂ containg MdrbdamBsd feigongret al , ~and .

post transiti ns when co cted W th sol utions thereof Wnen
adni xed Ftﬁ"fg‘{&hgféqad&ﬂ&s YOROKYR¥piingge, fPW@@Hlagnemaﬁ Polyaming 8" ¢las 4T ¢ he

above- i depd, fi.8dseraPmb.i 5730,648), AW SnRRBRIDHENLHRE Shdards s ohé Bgfad BreU. S.  Patent
No.” 5, 618(%93 )I | catlék)’ﬁﬁ'l\gm@t g%ta 543 an%aogl §30 477,

entitled aﬁ@%&ekehw}é?ﬂw&ﬁ@%ww@i FsAifher cortain H'W"taﬂﬁal%?ﬁy'@ﬂb@mﬁ]@r i di nene
Li gands" aié} traRefioni rhdth| 2drg pas)! talsitBH R t.o‘ﬁs EJHQ;? Eérﬁ%ﬁﬁb 'mﬁ@ﬂ%ﬁéﬂmemf

Pol yhydr oxypyr.i di none ngands respectively, on June 11, 1999,

for renov¥ encﬁdnqqu,thh other ions. Examples of ligands 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®ﬁ 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(lf), Fe(tll) and AKIIT); 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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(SuperUg 435(r); IBC Corp.); entire teachings are incorporsfeuing2eda by

reference, such as U S. Application No. 09/202,731 for renoval of copper

( Super-Li gv&&ggﬁ I BC Corp.); SuperLig 415(r) for M(1 b ﬁ&%b‘]) and-
I'g

Al (I'11); Super 40(r) for renoval of cal cium and sodium: descri bed
in US. Patent Nos 943, 375 and 5, 547, 760; and SuperlLig 43@(’ for |ead
r enoval descﬂ"‘b@‘ﬂ"ﬁoﬁﬁ s of theogiesnt invenfioamaiole prepaced by tanesuilahi e 10 19

Febr uary w20 %%c}éf@l@gnf%ﬁ b@%&%ﬁ%am Wmﬁ%@ﬁ%@?nﬁﬁﬁe&%v& he present

invention may b ared by any suitab n the macrocycl e

| i gands destidhal gfwal oft wte@)&e@éd’amt M. ﬁ@ﬁ%ﬂ%ﬁneseéﬁ«p@lﬁnﬁ% theerits ve
functi On%acﬁiﬁ Lb??rhrct?@r@lrln%}gc;rﬁgﬁl ﬁé\,ﬁ et F[%bexarﬁpl%%@nﬁ)?ﬁghnor\ Sped April

1997, the entire teac are 1 ncorpora erelr n by reference
For. - exarrrhg@d anfenibl i mambrang amcamiedtmm & itwrapigp omceﬂutehe[ﬂnmtﬂ:aturanenﬁ 8] carried out

inatw gia @gopfhg%aghﬁroﬁ robehlireBfbid %Eécﬂ{ﬂ'n &@Qrbéxglr]c acﬁ%HaHﬂ)s' Jﬁ%em-rl;)gb activation

procedure I'nvol ves reac I on of car anes "W th
1- Et hy| - 3vith (19:4TI-3re8-Diptetipiamiopnranyly ba)rbcrdambeal:lydr@ldmierfﬁmajarhéﬂbenvdm’ ¢EDAC) in

compound P hehmedki o e, F RSl EmP g8 Kiieted Bt 0 B Mounc cact

Wi th the raamhveentgnmdlﬂie omnrmtmi rbmtmm{rmrammtgrmprmd'retlmker brimeattadheg) @ity pr oduci ng
the |i ga d i mm%n | ir{lﬁdl rrerrbrap iurf bi | {)@ | on rocedure can
be carri argqu U5ing fi5; YepTgh mmo EZS ﬁ'ﬁ?s HyePZaten atime (in
ser;es) doen bé Qamemdttfdr}niumpib Ihmdﬁimat:ﬁre Imiﬂmbrtédl czechtsmmul(zbaére?ysd for IR a
preferre ane ecul.ar wei ght

Dol y et hy ITBSIGTIoR 6o e ref SHTLAT S sbiadh S ePronto g Rt by

att ached a*nrmmramgmmmecaraamgﬁepdmnﬁrsne hbligy Hmdropkli doatrﬁg qreargarra% do&aie’Ml)al | abl e
under the t rrar K,

615, 53 Hetron Do 2 Pt e uiThee o A bl fidet Le Peievely carrying

out the w@mmRD®wmmémpvwglpdmtmp@wm)to those skilled in the art by'
the fol |l owi ng g Ies each of which utilizes a conposite nenbrane

prepar ed accorl mbgnefdiagnd sgmeqsiions Batgars el Br caRing; o iy PE8boxyl i ¢ acid

gr oups orm@miohqnns:ea@sﬁar@htgrt%gassk.uém@tr@tamtmveuowfngte?a@nplé@@&&hadwher conposite
menbrane itself is to filter out particulate materia if present, in the

pH neut r atilizg® A ppmensite PRRbranerirepapsd ApwEtng tp WeS. ﬁé?@ﬁ‘r%ﬁi&éé%ﬁ@@@a'ﬁﬁﬂ/e a
M Cr opor Qlgghoic Hid érﬁ%%%!ﬁorﬁé édacgrwpe OM SHRRRIPHE meRBfake & Bffosiy Pi cal 1y

range from about to about m Crons. UItra Oor ous pore sl zes are

smal | er tmRPranediseigs odifer %bP@‘@P‘@é@tenﬁlyF)P@éﬁnfyﬂﬁ‘&ﬁ@lﬂﬁ@'a'fsrobhﬁﬂaﬂ?%t 0.0001 to
about 0. gﬁ?Ptﬁﬁﬂs‘ér emblahes %]Hoglaﬁgé a'ﬁﬁéfod&?‘ou%ﬁﬁféﬁ&&s?&cﬁ%e TMrU?ﬂJDFo@@m out er

surface ane ownstream out er surface of the menbrane, the
i nner porReesSizea Mpigalls rage fr@r@ ahasirBAGte about A picrons. Ultraporous pore sizes are

smaller than microporous pare sizes, typically ranging from about 0.0001 to about 0.005
‘microns. The figands may be attached fo the upstream outer surface of the membrane, the
downstream outer surface of the membrane, 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

Iirniting in any way. All references cited herein are incorporated by reference in their entirety.
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conbi nati on of these surfaces. Preferably, the entire suri®aEebrofirytd004
menbrane, including the pores, contain |ligands. The follow ng exanpl es

i |l ustrat@ddigsgs €sent invention and are not intended tGdafseddddiNg in
any way. All references cited herein are incorporated by reference in their

entirety. 11 19 February 2004 WO Q1114062 PCT/ USOQt 22394 EXAMPLES Exanpl e
1:. Multiple ligand i mobilizatio P ies This exanple illustrates.

sequentlatekmpimbl Mumpfa@génhnmobd;zga&ﬂ‘ﬁs&ﬁb 415, SL 420 and SL 407; IBC
Advanced Technﬁl' | nc Anmerjcan Fork, Utah) on one cartridge.

containing a pMe Wied@ﬁtfﬁ‘eér’?éq%?ﬂawa'ﬁ'@?ﬂmﬂg itregisardst(Bly # 6 6L 430aW00 cnp
surface ageapy; (@Tﬁﬂgﬁmchﬂoiogle%ﬁcl 'Aﬁl@ﬁ% n F6H RUtah) of bheBhrtth ééc&n&%@%;"as first

i nobi i zed to the nenbrane. - e was ‘activated usin nms of ..
EDAC di ss8ledtad membrane of M@P@hf:dfowﬁﬂwlemt 000 o2 1sgriage mwa)engHGUABD@d by an

2ddi 1 onalik oo 0 AFBAGS) HarkVs AT ROl L0 Fhod O b iUt es, |

the coupling step, the activated cart ontac W th 59 gns
of the SL a@tm@emdém@f EDAGadissolvedan 2 fitons Of ﬂl\@ﬁmfdrﬂﬁ anuteE)l follsideny. The

coupl i NG WASfRbAF95! g?ﬁ? oWEIﬁAb rtl%e"!aﬁxg%iﬁnog?oﬁ;qato" H&F%ﬁrﬁlﬁ,ﬁa?%{hg Bulp ng sglnut hon,

the coupling react| cont ac g seve
over ni ght steprietaciivated Tadidoewas thehgentavies with $b gois i mmSlDHS\nmcmcyctedtg@tdepar ej or

carty doo bR the et OFIAEN e WIBAB LA RS IERR: YERBCRERIRAY o 06r"

f nol el cnf activation tsQ!U&mcﬁncboanhag) reatiiog amtacblimd Gén (be. @veral Gﬁﬂ@bﬂr&:pOtb dhenovi ng

ni ckel er zed t e. As in

t he abovegge?rlo%' : %ﬁ%@ﬁ %ﬂ cag%‘q%g B’aﬁéﬁwiwweéi%%mt%fe&f ?e(j%{ﬁg 415 was
acti vat edaﬂmchmerEDA@e(rfubme sbupprs waslimog@ssed mif\Gel dartrdge td deliemindthe fogHder ‘each and
15 m ns. and éo vay respectively). The activated
cartridge® ?We%cé%%‘f &?f‘ﬁ&e%‘ 'gns of SL 407 in one liter DI water.
The cartri dge walse msi’me;tbpy\lig'&alhﬁ SlDlO?V(@g Séaphiile &rr@lﬂé\ﬂ'r@ nickelfdbbaiﬂ Bife 4dgi rd | gand
attachnent . rae]: roces ed with ecartrldeto

et o nociRE) PG MR AR SrErRE. s 1o B REbiePRadinG 15 Far R dOE D, The

third Ii gamamﬁig tuba@awa@_ 41m@adma2eadmﬁ PDACWA e gmrEDA@nm:@?k\# §s descri bed

above of activ tIOJI % él%hl n% The activation nediumwas 1.2 liters of
75% | PA algte: P& and Thangachysien img HREpeqiye)piap astieledartidegs ol vi ng 30

gms of thead m@mdpfmghgeogmwrsm@? u?ér?é)ntelrﬁﬁva(tew@héEaMdgaﬁa@éaéhQ ter (210

Aftehthe coupling reaction, the cartridge was a mxture

of 75% | PR! Vel ¢ prenareihiar hesdidioandattashment 4 msmpraanummaamcesg@th was
pr ocessedindichifidhe 6 d6fiine! iR atdapiiine TRk RS cdpBSy WBCE S¥bitlche] | 9and capacity.

The Cu capaci t1yhe hird |
igand -SL 420 was jmmobilized 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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measured was 0.034 flnole/cnR2. Exanple 2: Milti pl e Li gand® mmmbom zed
Si mul t aneously This exanple illustrates inmmobilizing three Ii gands (SL 415,
SL 420 anrglo §la46&7; |1 BC Advanced Technol ogies, Inc.) onroresmazddi dge
containing a pl eated nmenbrane of hydrophilic polyethylene (10,000 cn?

surface area T X |1 was first
I rmobi |1 g %O(BL‘hErFlg' %dmﬁ’é”“ \ Iﬁ %‘oﬁgﬁ Bte%, ?ﬂ%it?dgéa% ﬂ@eﬂg gns of EDAC—
di ssol vecbntanteil.vﬁh 150 e of thé SDI415vataemcyﬁle)hgal]&S smlutlnmﬁneme lifeo Dl wated Ty addi ti onal

15 gns of AC i n.the ehr uary. 4 PCT/ 122394 sane ..
sol uti on®?8 "92'(?3 ec‘gv%wﬁn qr&ﬂ%”ﬁ ?ﬁgg i‘%&ﬁ‘l"?tl?g%%‘lﬁ’é’é?‘ﬂ? F‘loé'p@értm}é?ﬁ) QIed cartridge
i's then conteat ted e beistéerdd Rougna vpfto arlmerﬁlghtém:&tucrmcrmecarmh@ wdsgemaiedsol ution in
one liter,

D The .co i ng was ctiv out decantin
Ohe ot vt PhEE e o RlEhphd e Tttt st chvor hiie oty ol ar
hours or c&@oﬁsﬁn@@pr@&@ﬁdﬂlwhthe@uﬂtrﬂge Pricterhive teAlighnid chgmitycfhe Fashedily Wi t h DI :
wat er: to ref&ﬂrs1 J g]gl yo nmore |igands sinultaneously. Two
rrerrbrane P&n @d"@ §8d with the cartridge to deternine the
l'i gand capaCI InVthe %a@ldl%epcm)@endsm? BRIaI90 werd aiBedo @leJCErlriﬂﬁa’im@*nl?rSne[ nol el cn@.

In the second ste the || 7 and 420 were at’ edt the cartridge:
menbr ane M 408 SigRel ‘-‘é@dgeﬂ’l@%ﬁ“e\g 4158%dﬁlﬁaﬁy gligghed wagacy Glg@%ﬁ‘ﬂj LM ady -

at tached oy@sacgisdonad R 2l4@lsrwoltl§at&ﬁ& 15ﬁinulé§>%léﬁmdé \éedlnohﬁna as biters of DI
water for 15 m nutes, - fo wed by an ad ditional 15 DAC|nthe sane

sol ut i on EPAE imtye ﬁ@m‘esqllﬂlt'ﬁuf?leto mgre, ""l”l’l@S B RIS B thetﬁ%’é’afﬁ@: F3id9%d cartri dge

was then,go Ccto cté{H {vih ﬁs&ﬁlloHtcbﬂﬁlmﬁng gh@blngL 487 B30 hmsSbe §L012(ﬁnd 30 gns
of SL 420 | SS in a mxture of nmet hanol and 400 wat er .

The proc é‘lﬁ&ﬂl@déﬂ %fﬂ'xlblf?rq{ 80P mifmethpagl ﬁBFlﬂflO iR walerh Ihe progedire @se l“lO’F%ddlor opyl
al cohol . ‘ﬂﬁ %ﬁufé@%ﬁ@%prﬁfr[ﬁcd%loq%%bréﬁb tcbuﬁoﬁtewé‘r@klf?&ésqgﬁ
the | gan

det er m ne capacit neasur ed capacity 407) was
0. 11 and wiih G@ecafirdse & @eﬁ@mtnaﬂe ligargsapaaily. OThe gneesurast C@p@cmefmr We %ﬂfmsL 420) .

ExaTpl o 3 YT bfd £kl JEDSS F A ARl GOl O W ates the use of

l'i gand nenbrane ev ce o I's Tnvention to puri contai ni ng wat er
sol ut i onExampla3:one Pydisafion vidVetarode. The sol ution fl owed through a pleated

car 11 dge devihe R ANk SOt h9NbekiShe 420 o EERILhZEBoE DT ane

(hydrophilic I'ce nenbrane area i s out 10,000 cn®
and t-he IGtgmma’lnmgmaten spiptidds i a anespads/lowmodsS| The gation fowed ithmghd n@atﬁdaed

concent o Tl e BB L DB aflen 110w e
polyethylene). The device membrane area is about 10,000 cm2 and the llgand capacity 0.4
| ﬂmollc:m2 {SL 420). The incoming feed concentration was maintained at about 100 ppb Cu and
the solutlon 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 cohcentraﬁon
" (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 applicétions and to predict their
performance from knowing the process parameters such as liquid flow rate, incoming ion

contamination, purifier size, and the macrocycle ligand membrane ion capacity. The
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concentration to determ ne the breakthrough.. The experi nthFebruaya0ods are
plotted in Fig. 2 as the product Cu concentration (ppb) versus the total

vol unme tfw&hlﬂm.tit (expressed as ppb* I|ters) a produceceiusiaest ot al
volume (l'i1ters) processed 'and the inconm ng feed concentratl on (ppb). The

level s (leebliruit abith stdifF oleGetit oread oA L cPriERIo BUETE (<0 05

ppb, Dat agoqgmueéwc@mmm@uousl y until the breakthrough capaC| ty is reached
at about 130000 b* liters throughput. The perfornmance is as predicted

( Model 87“389?%%'5 engi neering design nodel (see below) developed to.
custom deS| gn chem cal puritjengafor specific applications and to predict
their performance fromknow ng the process paranmeters such as liquid flow -
rate, incom ng ion contam-nation—pu-ifier size, and the macrocycle |igand
nenbrane ion capacigy= The 13 19 February 2004 WO 01/14062 PCT/ US00I 22394
breakt hrough capacity and the tol erable effluent concentration for a gi ven
appl i cation typically YOVEAT Ko dllde 1§ fetime. Performance Model

VCo( H+) 2I A Cci, = V(H+)2/A + Kgo - KVCO A Where: CC, = equilibrium copper
concentration (rml/l) V = volume (liters) GO = initial Cu concentratton
(mol I liter) HAhesihydrogen ion concentration (noll1) K = equilibrium

bi ndi hg const ant (r@t h) - 911bnur@%§§5%ﬁce}%lﬂéﬁ@r?ﬁ@%1 (m)l elcn2) A = cartri dge

area. (Cn2) Exanple |ce rane devi ce was cl eaned
using 2-4 liters-ofY 100%Vpk§mp|(!nqm}l al cohol (IPA) to renobve organics,

foll owed by a dei o Zed (: renove | PA. The device was then
cleaned with conce °r at ed%a] 8roc gé‘loﬁﬁgoclzfﬁt HCl, 6 nolar (e.g., for copper
ligand) -to 12 nol at+ (e= gmydrogemnorlcnnnanﬂaﬂge{mdyﬂconcent ration.. The device was

Sttt omonket 0 L2 | Lol R BRI ou e 0Ll R B
o Jo = membrane capacity {mole/cm?)
A = cartridge area.(Cm2)
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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rate.. The device was drained to renove all acids. The devixkchsaaryt2564
flushed with the ultrahigh purity deionized water to . renove all traces of
residual _acid. This cleaning procedure was very effective in producing
clean deWTQUE4YR extrenel y low extractables. Wil e thi ECVEMERRIN has been
particularly shown and described with references to preferred enbodi nents
thereof, it will be understood by ClX#Me skilled in the art that various
changes in formand details nay be nade therein w thout departing fromthe
spirit and scope of the invention as defined by the appended clains. 19
Febr uary ViGDis chieds! 14062 PCT/ USCA s2394 . CLAIMS What is clained is: 1. A
nmet hod for sinmultaneously renmoving netallic ions and particul ate materi al
fromla pHA meibbd &ir sgolitaneously compiriganeigllic imsardi paglicskatelmateriat ramapwH h a
conposi ti %@uﬁéi's%ﬁ]m)r% cfoﬂlr lsﬁlhrzgllltggtﬂ'gosﬁ ¥olrtf‘0[m¥i{m§c ﬁ@éitldﬂ%ultﬂﬂé fcﬁ'nd e
particul ate nmateri al ComUaI'Hed Th Sard sorution < an recovering a purified
and fil t esiulwotodshoemergmétalic jond @pt padituiate metesibl dontdirnmddn said solution

particul a i . - - =i 1L ' ' - in the
Ee oot TR bR B3R bR RIARILA L BEe E
formul a: IpaBicllatevhetedalito Bubpads-perbillian eonscentratigress whereimethb campos$ition ng a
hydr ophi | i . [ Ll r [ai ng pol ar

functi onaI(:8rgﬁ‘%)'?Je‘E}:'gg g‘r?ﬁibk%nv% llr%ﬂg%g@#}ié]ag?@'eépt%%ﬁ @(r:bgletﬁ?ﬂ{'@h%l |ter particulate
material contained in said solutiMB:LL is a ligand having an affinity for

pol ar ar otereit i EaftBheENE b St RaRbrafE PPk B kobfine 8 oshudly 70T 12" °
reacti on |hytinphilic slhrmca(arid\mhm’ihirpmbdar fgnctiopabgrdupshand iavingtd porelsizgr oup of t he

i d 2._H [ ' e isali d | d
trom the GrOREnTEONE e EBRE Ml shBhB I ISR . o7 bons: “aul fur and

ni t r ogen- ¢dsadigancbavitgyan effiaitbion sietalid ibuy ambedrdaining @ faydicoalgramesactiveowns
and crypt wﬂsa'b ac"ﬁUétE&gbfé)’pl%EB%:%Pno{hbgné}ﬁerh&Oéﬁda! ning hydrocar bons;
proton-ionizabl € nacr ocycres, = pyridine-contalni ng hydrocarbons;

pol yt et r add is\d covakeni linkage tbrpet Py thealckytlicmbetweerc thetagliviatedpdigdgroupabd the

t hi ol and/ 1 hi e .kyl. nitrogen-contaihing hydrocarbons; sulfur and
el ectron \fm&'ﬁ%'éﬁé{%l%n@ cg?'(l;)eﬁﬁpq%ght ai ni ng hydrocarbons; hydroxypyri di none; and

oxygen donor macrocycles. 3. The nethod according to Claim2 wherein Bis a
coval ent 4.1 nkagemeRdeiek&ifing tb 2 Ji‘@vhs\.reinLisaligam_d 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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group consisting of am de (NHCO), ester (COO), thidester {CESruagdsdnyl
(CO, ether - (0), thioether (S), sulfonate (S@), and sul f onan de ( SO2NH)
| i nkages. wi.01/kks2 et hod according to Cl.aim3 wherein M iscrusseabwane
selected fromthe group consisting. of polyam des and cellulosics, 15 19

February %004@%9%3&%&1 @g&ﬁm]\ﬁ%%ﬁ&aﬁ me gan g% aﬁggrrﬁ@? to daim4

wherein said rane am de conprisin

according to ' @/efim 4 wherein said nmenbrane is a ceI | ul osi c sel ect ed from

t he group consisting of cellulose, regenerated cellul ose, cellul ose acetate
and nitrocellulose. 7. The nethod according to Caim3 wherein Mis 'a
conposi t e Bmenb a&metb@ﬂmmrdihgwtg '%im Arevhizein said merhisrtineds @ cdlialbsiedieohd for i 1 St

pol yner, . said b t ctly coat itg entire surface with-a
second pol yrrer?r% aféﬂi-‘?‘ C %Eg'? @F’%/s’%’%qne’?tggh%ﬁ%% 5‘%‘8‘05}%9? i '
hydr ophilic sunitran;e@los% The rret hod according to daim7 V\/ner ein said fi rst

polynmer is a polyner or copolyner of a nenber selected fromthe group
consi sting of fluorinated polyners, polyolefins, = pol ystyrenes,

pol ysul-f ofles, [ihd methbdacsordipg toy@aimys e, M RO btﬁrﬁabiil@'ﬁ%h@ﬁme Mdnﬁb‘:‘iémgoﬂ ymers.
and polyacrylonltglle accordjn 8 wherein said

second pol ymer M @”%WFY%@TWE@HS&PBWT%%??QS %&t@te Wﬁéd'fﬁéﬂmateé%or ding-to

Cl ai m 3 wherei nsédttte?suﬁadé@m@%bdoﬁdﬂiﬂﬂylﬁé F By Yprecipitated &yt teBnnicflB BT 1RRiRg SUbst rat e
formed-of a flr?{l‘{f%%ﬁgﬁ‘-}'%%essald substrate being directly coated on its

entire surface? | i nked second pol ymer forned from a nononer
polymerized in situ and cross-linked in situ on said substrate and haV|ng a
hydrophilic surface. 11. The nethod according .to Caim10 wherein said .
first pol $mer '8 methesl apRRsiingle Clai p whereia paitbiTst pomertia palygleeetcapblymed m t he

group consi sti gga ﬁnfamﬁérlé@léététﬁfr&ﬁtfﬁ&ﬁ'dﬁ?%rélshngleggdﬁhﬁ;%da@meﬁown@eY Enes,

pol ysul f ones, poI esters, polyacr bolyners
and pol yacryl oAPlYsHYanes . POEYS”@!?SFW%H* yPOH@‘IMﬂtes polycarbonates, vinyl polymers

and polyacrylonitriles.

9. “The method according to Claim 8 wherein said second polymer is a péﬁlub‘rinated
| 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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WO 01/ 14062 PCT/ U500122394 12. The nmethod accordi ng to C t9 ReliGanyt2004i n
said second polyner is forned froma polynerizable nononer selected from
the 'group consisting of acrylates, - nethacryl ates, ethacrylates, acrylic-.
aci d, acryl ani des, nethacryl am des, ethacryl anides and mi xtures thereof.
13. . The ne¥PBHl4B&cording to Caim 12 wherein B is an ani eerivsiasa. 14. The
met hod according to Claim3 wherein B is a sulfonamde i nkage. 15. The-

met hod accr di Mye hReihsh ontained in a
contacting devi ce for %géﬂa%lnﬁv‘@ga%Wégﬁéﬂgn%gjﬁ'%%%n&*?&h(%msﬁ, aﬁ?ﬁh? acting
devi ce i ncl udeSOVREBAYeE { anonqmeomﬁerlﬁgteé §©lnrcth§ Qodupt icomsistingd o Baﬂﬁewl ng

sol ution past %Iﬂcr?‘l@t@?osbﬁ]b&ﬂate he g@iB hogﬂ?@grdl n ﬁ%ﬁ'@' im15

wherein said conta devi ce conprlses hod
according to cleﬁﬁWIleﬂﬁfeaﬂdettﬂbséhth fied and filtered solution has been
essentially depleted of nmetallic ions and particulate material to '
parts-per-trillion concentrations. 18. The nethod according to claim 1,
wher ei n t HB- pHThewethed asutiog loieim $2 wietehr B iotn seidolikaed water. 19. The _
met hod according to claim1, wherein the pH neutral solution is a buffered
aqueous solution. 20. A met hod for .si mul t aneous! y renoving netallic ions :
and parti cél at Shemetbod acortinginClathes ehreied :s\mwnami@@l'méqui ng contacting said
dei oni zed water with a conposition suitable for similtaneously renoving -
metallic ions and particulate material contained in said deionized water

and: r ecovelfi ng Tae pretfiolii mdoramg:l 1 i0lding r1e @héreth Waid OfbrpaskRA tié %ﬂt néaeﬂl §t ed of -
rretaII|C|ons aﬂﬁg 4 *qah? material to sub-parts-per-billion
concentrations STENicE DW%B%WWW"CWH @@@ﬁBQHMFlmeCiudegand

conbi nati on repieedntieding ¥ sturR shiotoRYhPs ul trahi gh
nmol ecul ar wei ght pol yet hgl gne ﬁawong a rﬁ%/éi@ %ﬂleﬁﬁfhﬁq%@&i@ﬂlg February -

oi ze B 11 e SoGRRGY yafl 1€ b T bpaRing P B v BeBL: Fon:

L is a ligand having an affl nity for nmetallic ions and contai ni ng a

f t I f f t.h d B

oo Toua MRl BEEHNE 1o Ml fneleiElnet e A B U PR ER TR - oup

on M and sshentialindepletedlof gretallis iofis aitbpartigdatd.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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21. A system for sinultaneous purification and filtrationt®Febraagld004 i ons
and particulate nmaterial froma pH neutral solution, conprising: a device
havi ng a housi ng and a nenbrane |igand conbi nation, contained within the
housing, represented by the fornula: MB-L wherein Mis a nenbrane or

conposi te éi’&ﬁ&!rﬂélﬁmb%&ib@ﬂ |%raytdr %B{.Adaffg,%p%ﬁ&hhﬁhéax Sowgﬁéeaﬂr&bﬁtt urf ace

and contalnlng pol af functional groups and havin ore suffici ent
to filter i PRdiGYIateInateriaqoplainegiin spidegiutinnsai d sol ution, L is a |igand

havi ng an L a&f{ ligtindhavipg a'ﬁ%fﬁ’rhl}y'f@r rhé’tﬂfﬁc?d?ﬁ #ndl '?:Bﬁfamtﬂb%oﬁmﬁm Hgﬁglr?és}ftigé'p

reactive with an activated polar group fromt rane
coval ent | Vifkadenctignatgeoupfram theraembiags; @t ween the activated pol ar group

and the fupgd @Mlerﬂﬁlﬁkﬁée(i‘f)rrﬁébeo)] thg%'?”@g@‘?ﬁﬁtﬁ]ﬁygﬁﬁg[@%ﬁﬁg rre?ﬂ‘?l ic

conmbi nation i s capabl e sinultaneousl

i ons and ';S'Srf‘t"?cé'ﬁl‘%ltgéOLfPa‘?fé'i“‘F k9andont ai ned in the pH neutral solution to
sub-parts-per-billion concentrat | ons; and a recirculation system for flow
of the pH pneutral saqlution throug h the nembrane |igand conbinat i on,

conpr f& g &viemdar %IE“PB?PE}?Hﬁﬁu”f&a&@h ang filtratien of "@Qiﬂl?%ﬂmé anfl partistulgteage of

purified arﬁ\dtefnbiﬁcﬁﬁ%cbw\ﬁélﬁfal séidtorTBEmeyghem of claim21, wherein the device
is in the farmof a cartridge. . St em of cIa|m22 wherein the

menbr ane | § §aYiee baing A hevsing ard ﬁﬁl%@h’an?l gand combinatipriggentaines withimthed
confi gur at h@Ringl fepresented 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.

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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