;z{e3emj|.6T: EL+r: WO 02/085481 PCT/ US02/12354 POLYMERI C MEMBRANES )
FUNCTI ONALI ZED W TH EGTA LI GANDS 5 BACKGROUND OF THE | NVENTI ON . Effecti Qe
met hods {5 odasysiecovery and/ or separation of particul ar gliwves®entssget al -
ions, such as (a} Ca2+ from source solutions containing My2+ and/ or ot her
ions and (b) Cd2+ from source solutions gontaining Znz+ and/or other ions,
are of great inportance in nodern technology. It is particularly difficult

to ren‘mmmmmmmmmmm particular netal ions in the presence of noderate to
strong ol ubl e conpl exi ng or chel ati ng agents, such as the halide
i ons, whi clyfsgve a high HOLYMENCMEWFW&T ALIZEShs. 1t is also
difficult to renove the aforemntngﬁiyﬂmgep al ions when they are
present at |ow concentrations in solutions contalning other netal ions at
much greater concentrations. Hence, there is a real need for a process 15
to selectively b&m@%ﬁi‘@ent metal ions when present at |ow
concentr at i ons%&m, -t he presence of acid solutions and
ot her conpl exi ng agefidcsive HemBddTef hoasoiay atidier separaticarof motticdlay divelast met al

cations fromsolution are knowm, in the art.. However. e r val .and/ or
separation of ®getions suihas(@hte n%?lﬁls"‘i‘%? S@iﬁt'io%%o“itaémgg{v@n aé‘%?‘i%?:rdf"ésd by a
nyriad of condifd @nedi Hont@uRe stiifoRcemanae 2" e bihdi vad, entofgaki ons, the
presence of other cations in very high concentrations, and the presence of
ot her chel at i ninpegencesin njodeindechnpalegy bigpartigulprly fgheHIdo praYEMesas sol utes in

a_solvent, have, g, alhdhiindil uRPrabidbehitabaR stdigagidbantienmid h par ti cul ar
ions or groups of 1ons present as solutes in the same solvent according to

si ze, donor 25catpmingprdheldting easnist suels astheihalids denskwlyah haye|adigh; affiily
characteristicg, .Et ol i | 1 9O&h N he afi tioned divalent
ether)-N, N, N, r-ﬂf% e%%%gdgg%pég%égﬁls grﬁgﬁl(ig?ﬂeyl enedi arﬁ angr)e?lg? rloélgqeltvi g aci d,
comonl y ref er nedl ions aheEGFAu@pesEDENomempeantratiagis jn scytionpeantpining efiers t hat
may be used as solutes to.conplex dival ent. on v ar a
greater select W@ll b%néfte?’}éﬂlc%%%rc O?Cgptgﬁ%}m%i }\;‘lél Cg’fitper%s‘;/\‘g]]\égli CRs ggp{bﬁgsﬁ EDTA.
See Critical Skadidciively Camnsitant @rtaivalivatent hetabiohnwheiciresnt sbld Martel | &

RM Smth, Plenum Press, N.Y, London, , 1974. Therefore, EGLA. S an

i nportant |i gaﬁ%P°F6‘Fat‘l9§%alidrPaEtPfH§Fl¥k‘ihﬁ@ml the BreFengs 9§ cbd{ﬁoll’"ﬁlgp%%i%hﬁg. WO

| 12/ 08581 PCT/ LSQ e;li%?ﬁgeni'shi s being the case, researchers have not
|l e [

previ ously been a o incorporate EGIA_ into phase sep%zrgati syst ens.

. n
This is significantSeeeagded I&e5?6@§%Pfihﬁal§1&ﬂ“eﬁ@6ﬁﬁ°&’§ %SBF‘HB‘PEX% npl y
acts to conpl ex, ﬁ'lctfl? gt ﬁ%evep, Wite RABFal @Qd/oﬂg_le_g\z\&hﬂﬁl oF spRaMSdivaknt faeud r
a e

separation. Specific y, never before has E been successful ly
coval ent by bondeiibns s eftemesatyphigstcddpgnyriad ofsonsiftioms inctutmesbiie tisttor anes

have not been usedqd h-DNA5ESEPHeBlnOBr REQCEEHR T {@Y hiphEBYdhehtioRERAI at i ng
and concentrating.larger 1tonic radi1 or desired dival ent ions from

sol utions, par ttheurbsenéeyofinitier chebatioh agas. rliid 2iso kot hafdigasdsireseRf 3ol ut i ons
w th smaller ang{HPr P4 g(])]{geﬁiFh vgtgf?e ABf1ft B WeleBlive UG Rt A80s GRDERRGAAL T On. 10

As such, it wod e use provide a conposition and nethod for
removi ng, separiatsiongroupsolf ions resants solates mgthe sameadolvedierstordie i Sizd, 89101 net al
ions in solution fr t her .i onsg, ,such as P + 2+ and/ or (b)
Cd2+ from Zn2+,at%'éﬁ%ﬁ8§?p?mﬁs aﬂggflPE%lqwgnsefegg‘ﬁ es%rﬁ%t&g‘{nc%/gl ow
concentration. 15 SE\MRYpI¢¥0l-bHERIaMdSTHyOehdhaN J9NE Merittraapatentidand i s dr awn

to a novel conposition conprising an EGTA ]igand, cov tl ed to a
menbr ane. The i(?F%lﬁ{“?dbaﬁmf‘gpegf‘%“‘g?"‘é&n‘fo’ianﬁé'trg%H%d %@Pﬁ%@’?ﬁnﬁgﬁﬂgepar ating
and/ or concent radfiheSe bledbth 1@5ds R nihly ba hsydlas SEILRE td campldxritvalmi ogs.(a) CaZ*
from source sol utions containing My2+ and/ gqrI ot Ecgr ion mﬂm%tgi 20 Cd' "+
from source solHaweyRs EEJdx bs Aigrrgter selactiyp predirense (3 ergg fdvalq Y™t he

‘removal of, thesg,] BHPa( SBLCriRRs@bil ABYVOIGRYN: Mheib Afiey AJ. epelsent  at
fromvery lowto very high concentrations, 1.e from ppgggrgd,gll | evel s of

y ni L
Cd2+ and/ or CaZ&R-Mhémﬁb,?f’d@WW%FPSSON%f& Londopeldit-o fhereiAts: Yhpl i shed by
form ng a conpl. . ' ' M 19s#Rd bound nenbr ane.
The separation i fsé’ogﬁtgl??nedgﬁggsre?ﬁc%%g%%%%lg%egﬁvgg\g@éégl such as a nenbrane
cartridge, through which the source solution is flowed. This process
enabl es the desired ions to co I e EGTA |igand attached to the
menbrane. The netal ion and thgmmwmlﬂlﬂmﬂ are then decoupled by flowi ng a
receiving liquid through the separ a,l(ijggﬁﬂ, device (in much snaller volune than
t he vol une of source solution passe rough the colum) to 30 renove and
concentrate the desired ions in the receiving |iquid solution. The
receiving liquid or recovery solution fornms a stronger conplex with the
desired ions than does the EGIA, or alternatively, tenporarily fornms a
stronger interaction with WO 112/118;-4g 1



PCT/ US02/ 1235-4 the EGTA ligand than do the desired netal ions, and thus,
the desired netal ions are quantitatively stripped fromthe ligand in a
concentr atgeh/fsQfsh i n the receiving solution. The recover yp@fygiRakisgd ions
fromthe receiving |iquid may be acconplished by various nethods comonly
known in the art. DETAI LED DESCRI PTI ON THE | NVENTI ON The present

i nvention provides a conposition and nethod for the renoval and/or
separation of pa”’n%é’t)é% b Ve SaleaFBRER hal O f’eOfbh%ﬂ?bE@l fo4d iRBHoRke Cd2+
present in | ow concentrations froma SOFU'[I oR utilizing an EGTA |igand
attached t o aEGTAnmwiphasessepaFiteonpyseant Thing sighifivantibscayse EGEAIpAsERt indapt abl e
to the renoval .of (a) +.fromsource,sol yti Wl + and/ or

ot her i ons, aﬁ‘dutﬂoﬂ')aséﬁﬁq?}gefsﬂ%\;}yf%tﬁgocce()mé%ﬁxu e#égtﬁ@%ﬁ)g,ﬁtﬁlg?%sﬁa{gﬂ +g%1nd/ or ot her
i ons. The i nvefhisaor vy s@lagtioheSmaifichlyd nevet béforerns EGAMebepn aricelsvllgol ut i ons,

e.g., solutions with a pH greater than about 3. rthernore, t desired
selectivity aﬁﬂvaﬂwlié?"%‘l‘g%cga UFPRHYT f‘}lp?gﬁ'u%%%gt%éggtﬁm ﬁﬁ%ﬁnwlé&%zg Ei&tee t he

fact that onepgfpebigscl Miphacesdparatidd sroesidd fgirompangfsepangingiaghnd i s used to
attach the ligand to the nenbrang s pporéﬁ/ The resentl i nvent i o]gﬂr equires

that the |i gafendseiratingaresionjc BEHQedrstied SV O MEAEIPNE PFLICWa™ support
to the EGTA | E%%fé%ucﬁs&%ﬁéé fofiPdrk Yresdd & COMRASIth SfalRk ahdier MnkGesHs | nventi on
conprises an Aligand that is covalently bonded to a 20 nenbrane as
represent ed byresentatd mudh higherconcenfadionM B- L Forrmula 1 25 where Mis any
menbr ane or conposi { MAat.l t LRI 1 ¢ surface
and whi ich cont ai nsA%)g'fcrzl}? Sﬁ@ﬁeﬁ%ﬂﬂ tg%%)(ﬁ’gg,a C(Eniiﬁgé{g%@aEGTA tI I ?a%]d. and B is

t he coval ent émdsans s¢patatinggnt/oecdncepmating ¢eytainglesings divaldnt metal oMy nsur f ace.
Typically, the EGTA ligand. (L) is jQihe e + f-ace t he
reaction of Iisﬁlé{ﬂ%f]%?rggﬁ]reglcg’sls’ﬂfmvﬁ%%e@a)(dfréﬂg& u%@ﬁ?@? (?g?rg%lp@ WAl Ch reacts
with an acti vaited tipalesiteddon Frphaspntana tolsecomeaimtiore sur f ace, thereby formi ng
coval ent linkage B. Representative of B |linkages are nmenbers sel ected from
the group consisting of amde (-NHC(O-), ester (-C(OO), thioester

(-C(O Sy, cardppaviaRY OFDHD INVENEON - O-), thioether (-S-), WD 02/085481
PCT/ US02/ 12354 sulfonate (-S(O) zQ-), and sul{onam' de g SOZNI—l-a}dJ,rFé,ll(ﬂough

ami de bonds are of TBRPISFE BVFEPD IHREN KyBRGVE] QORIROFIIOR HAMPREHS, N) may be
i nherently hyqiepNidvhentPednibdiol aymdhsHiRo itk ieffiorfis ERFBRANNItE me iR fosi Ng a
porous pol ynmer “menbrane ‘'substrate having 5 an jnsol uble cross-I|inked
hydrophi | i ¢ caempyine.degseniing ead/prronessiratunsieppia degredpinalent weiahiont ent | v
hydr ophi lic or; 11 2+ Ie o hiGt AR M Rh&bi SBerddiRhaPy)at e for
form ng coval érﬁ@%{é‘%@b\}/{m ?ﬁq{%gmeisglg%%ﬁ%ogﬁﬁg@em%art(igcul ar utili gU) Such
nmenbr anes i ncl@iiefrpolsyant shdstions eontaising ¥h o pnd/enetheraensy I fick ﬂWﬁ?fé?Ya};P% such
as cellul ose, fegeneraie } . I | | I ul ose.
T the monbr alBSUas (ot (B ook Wiy 055 LAREREH AR Ml KL,

nmodi fi ed or deriwkiph zedemptionpi.c.afreh ppb Gefidewls of GEnndmén are al so
preferred. A conposite nmenbrane.conpri ses a . Q. ymer
menbr ane care and anCiCRHRSIEHCR o(f,giﬁ{glg rﬁﬁé%nﬁéssa?c? éﬁ&?ﬁg@%ﬁﬁhﬁﬁg cgﬁgis%%rate and
the coating neyftheddsRédiots With & BSTAilighidigougd afetibraye o Thdseparatian is kffentet

procedures. Representative suitable | ymers .forming. t he e 15 core
substrat?® i ncIlﬂééeﬂ’qr‘i}lﬁ’F‘idﬁ‘éJP%d“%sﬂr%q?‘g’r%ll}?ccﬁaﬂég?gmﬁ%ﬁ% w&c&ﬁ%ﬁﬁgr oet hyl ene)
("TEFLON'), padoyition¥d flslesde Thisu@édesteenabId i} desied idnb e donkpex with the E&TIANs such
as pol yethyl ene, ultra-high nol ecul ar. wei ght %lol eﬁGil new&UP

pol ypr opy! ene, ligsad gtached fodbsymemrane, ntheqpgial ipn. ,dt%‘b f“ﬁ*gé arg el ubst i t ut ed
pol ystyr enes; &%yﬁéﬁﬁﬂmn%y%eﬁﬁlgmhm&%a ¢ sqpalayieh bereUid i, and the
| i ke; polyesters i1ncluding 20 pol yet hyl ene terephthal ate, po y3§%¥lene

' yet hers

t er epht hal at e, snaalgr voleme thea thegislupmecafppureesolution passed thapush dhg Golun

"such as perf| ugﬁooéaﬁegﬁ?ét&rﬁﬁfehﬁé &g@&lﬁnyﬁxw& reBRbi S%\ﬁd%lﬁtlfbnaSIhBO' yvi nyl

chl oride"and polyacr pol yners can a be used for formng
the pol ymer nerbeisine liqsid ohressverpsoditipndermsafsipnges gpraplex wifh therdgpiggddons
fluorinated etjyl - e P bk t hyl ene
25 copol yner, Q%%ggﬁéﬁ{ﬁﬁék’ %3%%9§?§fre Oﬁgﬁ%ﬁgﬁga%?k%&ﬂ%§$%%ﬂfﬁic

ul trahi gh nol ecul ar wei ght pol yet hyl ene (UPE) contai ni ng carboxylic groups,
such as those described in U S. Patent Nos. 4,618,533, 5,618,433 and
5,547,760. The nmenbrane is selected to yield both selected bul k properties
and sel ected surface properties. For naturally hydrophilic nmenbranes, the
sel ected bul k and 30 surface properties wll be provided by the pol ynmer of
whi ch the nenbrane is fornmed. For conposite nenbranes, the selected bul k
properties will be provided by the nmenbrane substrate and the sel ected
surface properties will be provided by the WO (12/08s81 PCT/US(12/123S.1



coating. A conposite nenbrane is forned by depositing a nononer directly on
the surface of the substrate, including the inner surfaces of the pores, by
in situ geppuktjspn of the cross-linked nmonomer. The desi redygisdpasisti on of
the cross-linked nononer 5 onto the porous substrate is effected as a
direct coating and does not require or utilize an intermedi ate binding
chem cal noiety. Any nononer for the coati ng pol ymer can be used so | ong as
it is capable nerd z I I nd can
be crossli nke E‘Eﬁ@‘@%ﬁ"@(ﬂt éé‘ﬁ.dtee“ﬁeg‘ﬁ?‘y“’&tﬁ?‘hig‘gftﬁ@‘iﬁé“gﬁé’% rrﬂtl)&n%trlr(le&rmfeg that it
i s capabl e of qagiatingy tsﬂmppcelrttam thedignddiioe coficentigep tmous thewedsivamee, that it

de the t f t d: t f t 1t
e su 11 ci ent 1Rparaprert PR B ifreedfitd BB o] BYRBRPELET L

attached. Gengy dlrioys nietRdpenabeiptsiviatie dtas an average pore size between
about 0.001 and 10 iCm and nore usually, between about 0.1 and 5.0 p.m
The conposite nenbrane is formed by any suitable nethod, such as is

di scl osed in Hp$arhan ©EsONpTIHNGS IB3NWENTION s hereby incorporated by 15
reference in t‘ﬁ'eTr—_emy_'B_r‘iﬁ"l_—’T—_‘r_o—ced re_inyolves washing the
porous menbrane subepregent 1meﬁ01ap@mdﬁ%1‘b1x@‘%°étt‘\%ﬁtl ‘F‘S‘ih(’@v\épt‘ 1PY?Z entire
surface of th?nd?&t%%éa{r%(ﬁn]of-g%c@l%%lﬁﬁ cla® idn iR TIAE R drid/ R oa%grébe@t of the
free radical ynmeri zabl e " nononer, a polynerization initiator, and a
cross- 1 i nki ngtrelgwrdoncmtratlcmelﬁwem sotmmmnb@nmnt%@"ﬁé ligandstiaghad tp dee radi cal
polyrrerrzatrono t he ate with
the crok-1inkEH B%’Fyrggopr%n%émggng k@laﬁl& o aa%‘?toggg I%H]%vg%%ncgr ane
cont ai ns hydrﬁﬁﬁmsloufce@dsluﬁmisabntsmbgtl\dgzﬁexm/@ cttlkwatomeﬂndlﬁ@ Gt fromisewicd o r eact

wi th and coval bond.t he,d i gands t.o t onposite
nenbr anes pr eﬁ‘gP‘e‘HyaYB‘&tﬁ’rnmg 361%% %ﬁw‘iﬂﬁt’ "W@gg‘g?@%@eﬁ% e-aﬁrh) (r?llt i
carboxyl i c acihfhdemicf actdic Solutidie, eng,rsbamens \ﬂﬂhepHgmateatHae abwitd10i es coul d

i ncl ude 25 hydroxyl sul foni c ﬁcg \é‘«%f% %}ham ne é';tcnqﬂd}F vati zed
benzyl groups §G@¥m&§=%ld§ﬁ?ﬂ§e?‘é’fv§?’é BEFraghgn ErerBidy MPRPTBH conposi te
menbr ang; by a Jpi,R€ Rl hatRA ofé Ysthdfout &£bdXyHeIscid Bloapy/efihe Bganeldused washi ng t he
por ous nenbrane substrate wth a suitable solvent for wetting the entire
surface of thettanhishe Hgand to thaaespraeSEARST, s t hen bathed in a sol ution 30
containing the co iPintl &b @6kvalehly Dol 4 on i s then
renoved and the nﬁgyggg%@ngltdrogtr%dﬁrng&th?tggfleﬁnwth a coly ound t hat

preci pi t at es amthlraneeshicthaestcasypsupiost tp shetH{ET A lipands §P%¢1ﬁ°PI111é Hhe AURRASKIOR 5
washed and dri befor EPRA k K233 tah
conposite nerrb? 3ose tﬁ‘é%i‘g?%c"r"%bgb%ﬁ{e mat ieiggnd%s%?@{mhougﬁ%d%o af f ect

t hat penbor rramﬂﬁﬁnetdseemleaehwabjr Fethutrellos Eollewaind it is limted in
conposition only by its ability to be coated, or have deposited on its
surface, an insoluble polynmer |layer that contains the appropriate reactive
group. This provides a hydrophilic |ayev-Bvi ch interacts well with water or
ot her aqueous solutions. The end resugt IS tlhat when the ligand is attached
to the surface of either a hydrophili ane or a conposite nenbrane
havi ng a hydrophilic surface, the basic characteristics of any glven | i gand
nol ecul e are not changed by the process of attagchi nt%eﬁrlélto t rlface or
by the rfat ur e Werg h@sgwmaeerapt omPOsIES RARPRRCLETILT avee %‘EOIM]E?
portion of Forgpt g haRaiéh RaRhsPORY fduidnil gﬁﬁ}ﬁ[ i s BT AllifandRad Bt the
5,547,760 and U. S. Patent 5, Gl8, 433, which ar |nc orate her.

reference. Thesualpeidiskagrgsinggdhealigeng Grinthe ?ﬂes( 1pFe E’t P’\‘?e to one
skilled in theg@fh 1@9@@2&@5&&@@ tt@aeasaﬁ@atfawumetaauommﬁ it is to be

enphasi zed that the pre I nventi on does not reside in the drfcovery of
the MB 15 porpreqmsomﬂﬁmlnm}(as a funpaenabgroup whick reapts vathaaggiavaiedpelar e

"advant aggous | fubbOdL W SARANLIL! 650 oiss A BAER epiamag L ached

-

to a nenbrane %r via a covalen i gands coval ently
bonded to nenbefBhtiskaass arhmembers sélested fiom the greup apnsistingtad pmided-MYCE)gh

one, such as B F ORI gt GRRA TP OFy B O Rkl 68T

concentrations in various source solutions, including source solutions that
contain other divalent ions. The source solutions for which the present
invention is particularly useful would contain the desired ions and ot her
ions present in greater concentrations which one does not desire to renove.
Such other ions can include Ht' 25 My + and Znz+. The present invention

al so provides nethods for renoving desired divalent netal ions from
solutions that can contain other nmetal ions present in ruch higher
concentrations by the use of such EGTA |igand bonded nenbranes discl osed
herein These met hods may be earned out in any manner that provrdes for

- ~ 2 o o o - o



menbrane. Contact is preferably made in a contacting device conprising a
housing, e.g., cartridge, containing the conposition of matter of the

i nventi ogyydyr@alssi Ng WO 02/ 085481 PCT/ US02/ 12354 sol ut i mr/g§iatiadsai ng
desired ions to flow through the cartridge and thus conme in contact with
the conposition of the invention. Preferably the menbrane configuration is
a pl eated nenbrane, although other nenbrane configurations, such as fl at
sheet, st ackegds (@0fob! i ibiRnSIEIONGTYIRAeh KRB abhiaUS cont act
apparatus may be used I'nst'ead of a cartridge sucﬁ as but not limted to a
cassette, syrpwéredunit, canister, nufti-well plate or filter holder. The
process of selectiyel 1 i | i S
characterized by t%@l%ﬁ(ﬁ?{?ﬂ;ﬂy?@e gﬁ%ﬁ%ﬁlt@gltq?&éﬁgé g%%?@x@%ﬁkﬁgéﬁaﬁg?ger

vol une of sol hydrophilihe adesiposts comngsingsy perovilymdrayenzhranepsiiaiothaginzvery | ow
concentrations. . The desir i,on r. L T | nd to
the nmenbr anesa‘bW&F‘&‘\?\fWés'ﬁﬂ?eggﬁamghlgcn%%%%g{pﬁgr%edot?&%&npg\gg’@?%g%}baﬁglge whi ch
contai ns a soldhbichilg hyilgophtiinge mhrtialhkydsaphilizi anil zomtginmesgEn epmeetiaiot be

elective, b nerely be capable,of. farpng a str.onger I t he
Zesi r e:jvdi va:J “}gectog{‘i‘le?t&’ﬁn AR %‘ngangﬁg} }E%ﬁ'ﬂarﬁf'bl%rn'gﬁltyAlcﬁ%g? Wéﬁb\r\llge g; t he

sol ubi I'i zi ng E&ﬁﬁl@%blyﬁﬁiﬂe@%h@égylbmmﬁd tdmtosicanpeaialy suklyad @ilobdh a st ronger
interaction with the EGTA |igan

t han doq?s, th% ijesi eld metlgal ion(f Thi s
causes the desszenaratadeadiulgserelyossaceipts And pifprafuiase sk fegpapboranedistd #2651 | gand
bound negrbr angs; dofaGORESRNE ?ﬁﬁsﬁl itfrdyBeamshifiddan Ak avaties dpprophigelyecei vi ng

e

solution. The recovery of esired netal ion fromsuch a receiyving

sol ution is readi| Gompesiapombivags &9 also apsdireedi SreoMPOBE PIMBPIAPMPEEShy ot her
known Iet NOdS , y5Rud Bl e SobfiibiherfRRld & dudif ifsBlubliioblngQRBodmBY W sh tO

renove/ separ af af orenentioned divalent netal ions fromsolution. An
exanpl e of sucierenn. pphibsatte erd the ceating swpde initedbystosplikinge gaftsig 8F bxcdz~ or

other divalent _netals fro ' WZ[& ; ABgLRke HY
contained in SHSE Ognsqr(ﬁceeg{rlrr%g%%@%S%%%tg‘%rs%?b%ﬁ? ue?ntféggﬂmfﬁpgs s true both
because 19f t heownsbitiagfiadtdy fuotieatbhpdlpyére snchrdaggpotyl §etaflnotoethylencdr because a

25 nore econonj thod is.desifed xanpl Cd2+,i present at
| ow concent raﬂ@?&ﬂ&%gﬂmﬂiﬁ eé@ﬂ?%ﬁ &S@ﬁ’oatn ereeli |ev%(ﬁ3é°r1f!ff§l}sg‘trlé]ed§t much
great er concenblyeihiyRAS ultlhigipie moleeulart Widglit olyeiallend (LR polypoepyne.h sol uti ons
woul d be inportant environnentall Y. bﬁgause of i@jﬁturi tgﬁconcer ns.

Addi ti onal Iy, Palyawsthyinsnics aas Hie ke noRShEIe §F subFHY el POt ns £ r om ot her
non-desirabl e gbgeﬁfdi%ys@h 89pHiGsuBiong PRy QGsuIfoRR,. M fiedide] polydsiaissndlediny al
process may be i'npl enented when the desired jons (Cd2+ and/ or atgsgpéare

present 2at  f r oolyedlene tsiephthalates pelppisylenegesgalithalpie.gid tha Jilespalye nin

the presence of.CORGERALT A816dndrtisuchhs pefftuorii@ied PBlyateksOdnd MehyPFYFRES suchVWO
02/ 085481 8 s?’roe?gms PCSI‘I'?(SUE%ZI 13211:(3:54 1,DA\II of thgsg funct.i onsy and ot hers may

be acconpl i shad pblyvinskehistride ped palyapeylamties. Ssppmpisspt tlsmbe wadforet hods of
t he present i ' ' ' Il bilthdisderal eghely, t he

fol |l ow ng exa%ﬁ@éﬁ %Pgﬁt}% g@%g{(%%:%&%ggpﬁg’ﬂ%%%fi nt‘l ti nga i ﬁgrany way. All
ref erences ci tfbdriasted éthylengpooptled dopolpingr, pijiylees-elerntridluprocthpilén?  entitety.

EXAMPLES The f ol l.ow n I il s RS G hE; iments of the
; ; ) 1W5hdphiad ﬁgﬁgﬁ
i nventi dn t hat®BYEmSh g%%%?ﬁge'g&etpriﬁ%ﬁélﬁ%%%%%19ot P]elr enbodl ments may be
made Wit hi n t heolsagreveidht pbigethylsm! (8FE) eontdimng earbaxiytic gfoupd; euchathobes,
reaction schengs are,givep .t eral, i,n n d reference to the
text of each Eéﬁ?@?‘i‘r}%ﬂéé E@e*ﬂi‘@ég{s@ﬁ%%? ’og ’gllga@?ia{}gg’ggﬁ@de?act ant, reaction
step, reaction condihtn@dmbadid ipselditato viblddothesdlectéd dulkipoopaitiey and'defebtedi n t he
folfowing str us?lgflélgeagroge)ét?egp ngf naltlialllynﬁy%?o%ﬁﬂictn?elrll’b? Je(sa,s'cﬁer] é[elécg% bulk and

30 surface properties will be provided by the polymer of which the membrane is formed.

For composite membranes, the selected bulk properties will be provided by the

membrane substrate and the selected surface properties will be provided by the



nmenbrane substrate. Exanple 1 Menzbran.e with carboxy groups A 50 ml vol unme
of distilled water adjusted to pH 5.1 by adding MES (4norpholine ethane

sul f oni cyasdfhseiohydrate). To this solution was added 4 merydoa286i d
coated UPE (ultra high nol ecul ar wei ght pol yethyl ene; available from

M1 1ipore Corporation, Bedford, MA under.the tradenarres Guar di anJ,

Et chgardJ, and Ri nsegardJ) rrenbranes (radl us =2 cm and 0.7 g of

1- ( 3-di net hyl @(;ghggpropyl ) - 3et hyl car bodi i m de hydrochl oride (EDC). The
solution was stirfed for 15 mnutes and the nmenpbranes were transferred to

50 m of water with cougpesite membgase isfosraddiyslengsiing eanenprshiliseily onfheer 24

Chown i n For mEeBEFws Mtk dAtRARE nt i 80P pORE L3 e PR e
Formula 2 30 Af the 6rogs- - tintod mionoiher Ty esied gmpembn bftbe G@S%hmk?éétohymeret her),

The' pH of t hooRoUE K30 Gieal Theliried 8o o bl ARy B s el T

ﬁe 36 by add| nfgn iniembdiete dading chemisitmadty. ZAhﬁmbtstmmfonhe smnlinglmlynylelraam de.
xt, of 1-

i met hyl am_no 3- b d .d hl ori
al so was addeEIeu F%?"“ﬂ@s ){%‘EE‘P@’E géb EHQ}YP}%ZG lﬁ' e:‘?‘éo %%%181%“%]8? %Sﬁg gg i(r)1rI e
Exanpl e 1 wer gnpeigad crobblinRed. OMeronlydbiuitairhe 6f thaipblmetifedIndristienis that re

menbranes S were washed with water and dried. The prod ct repared i s shown
in Formul a 3 Heapable gfcoaﬁmg_the entieg, ¥ ace.of.the.pomusmcmbr%rgo E{pv@em O O NH2

-FNO@N H%‘face IthhGﬁgﬂ'ci 1@a€f1ve ﬁQcﬁ@M% % 4 @alNebe dufficiently HydrophdReitdN 0 O N

HOOC ~ ~--- Fornmul"a 3 ntbrartes with ester groups Two
acrylic acid @Bfa’t/é(d em@mwmfﬂr@gam torbe atizcberk t Gaiplly he PerBREIubgRbUps

(radius = 2 cm ﬁ}naqrm]ag nﬂm ofe PROLASHEY! o%?*agcr aeaaeﬁﬁ&e«am | ovetPO M of

distilled water a nperature. After ours, the nenbranes were
washed with wabait 0.1Tné 5|[0rum|uﬂ;le cpme)pateenbmlxa@h@mnﬁfthF@Wrﬁmt%bl@nﬁéP(bW

POEM C~DOC~HS -+ HN.NH NH_N
Formula 4 A Lo AnBEegr Aonyahiegt $testopribh Mty Micdlodidnry

_II\_IhN N'|_| N? tﬁt refaefde ia ﬂieﬁnedm(e& @mﬁy,(tli@’ﬁ#b)cedtmmdolswashmglthﬁ Bousi of wat er .
e pH of the

membrane substrate with a suitable solvent for wetting the entire surface of the

substrate. The substrate is then bathed in a mixture of the free radical polymerizable

monomer, a polymerization initiator, and a cross-linking agent in a solvent under

conditions to effect free radical polymerization of the monomer and coating of the

20 porous substrate with the cross-linked polymer. The surface of the coated polymer
membrane contains hydrophilic or polar-substituents that can be activated to react
with and covalently bond the ligands to the membrane surface.

The composite membranes prepared according to U.S. Patent 4,618,533 can
contain carboxylic acid moieties on the surface. Other suitable moieties could include

25 hydroxyl, sulfonic acid, epoxy, primary amine and derivatized benzyl groups such as
polymers referenced above.

Preparation of a composite membrane by a precipitated crystal technique
involves, briefly, washing the porous membrane substrate with a suitable solvent for
wetting the entire surface of the substrate. The substrate is then bathed in a solution

30 containing the compound which is to be precipitated. This solution is then removed
and the membrane substrate is treated with a compound that precipitates and fixes the

crystals to the substrate. The membrane is washed and dried before use.



WO 02/ 085481 PCT/ US02/ 12354 10 sol ution was adjusted to 4.36 by adding the
necessary anount of 2N sol ution of 5 sodi um hydroxi de. Next, 0.4 g of

1- (3- di neiddmspiinopropyl ) - 3- et hyl carbodi i m de hydr ochl orpcpuy@s2added.
After 5 minutes of stirring, the nmenbranes prepared in Exanple 1 were
added. After overnight contact with the golution, the menbranes were washed
wth water and dried. One of the possible products prepared is shown in

Formul a 5 bel ow. | ywith doniposite riembrares, the core nefnbrank matddel 1 northought ol | ---1 |-
Cm'il\/EM-COVHNHNHNHNﬁNHNHZ+ [ON0) HOOC—~LCOO—I%11gIII\/EMCO\IH

~ HN- C COOH REfeyt thapaiamanef thedsrivatized ﬂl@@@i}nmawt isgimifgd ipexmROSEOBOH 5
Formula 5 to él?lg-‘gp(?ﬁqglhﬁp{o@élcgat?d %pﬁé('% déﬁ&%d&ﬁrs%%fe[ a1l bl’§'m€IGTA

Ilgands attac nbr ane IS I's not the on 035|ble Structure
that is produtwer thyt cabaus ﬂmaww:;ate Ir¢aciiee grobry Theaqmovlé@s atlndmpbthcﬂ@/&ét one

CTh o oy R FU Lo Ak PRSI e L
Whi | e t he i nveutn ¢z ligasd bagamchdéscthe bﬂfhcwaﬂ ditheredf hsrdmpd:dlctrmemlamemrla preferred
oo e R i b IS bt BRI oL, o
departing frogiveh@gadirhblecudd art R6t dhiived by die. préddss of attaching it to the surface or
by the nature of the surface itself.
10 Formulas similar to the M-B- portion of Formula 1 have been previously
described in U.S. Patent 5,547,760 and U.S. Patent 5,618,433, which are incorporated
herein by reference. These membranes and attachment mechanisnis are instructive to
one skilled in the art in practicing the present invention. However it is to be
emphasized that the present invention does not reside in the discovery of the M-B-
15 portion of Formula 1. Rather, it is the discovery of the advantageous ion binding
capabilities of the EGTA ligand (L) when attached to a membrane (M) via a covalent
linkage (B).
EGTA ligands covalently bonded to membranes as shown in Formula 1 are
characterized by high selectivity for and removal and separation of desired divalent
20 metal ions, such as Ca®" and/or Cd**, present at from very low to very high
concentrations in various source solutions, including source solutions that contain
other divalent ions. The source solutions for which the present invention is
particularly useful would contain the desired ions and other ions present in greater
concentrations which one does not desire to remove. Such other ions can include H”
25 Mg*" and Zn®".
The present invention also provides methods for removing desired divalent
metal ions from solutions that can contain other metal ions present in much higher
concentrations by the use of such EGTA ligand bonded membranes disclosed herein.
These methods may be carried out in any manner that provides for bringing the ions
30 to be removed from a solution into contact with the EGTA ligands affixed to the
membrane. Contact is preferably made in a contacting device comprising a housing,

e.g., cartridge, containing the composition of matter of the invention by causing



WO 02/085481 11 PCT/US02/12354 CLAIM5S What is claimed is: ' S 1. A
conposition for selectively binding netal ions conprising an EGTA |igand
coval ent ko hondesl to a nmenbrane, said nenbrane-ligand conpinasénsdiavi ng
the formula: MB-L where Mis a nenbrane, L is an EGTA |igand, and 10 Bis
a coval ent linkage joining said EGTA ligand (L) to said nembrane (M. 2. A
conposition according to Claim1l wherein Bis a covalent |inkage sel ected

fromthe grou | Stk T Ne T IR d o 85l m t hi
B%lgfr?é}féoﬂ g?% {?%str@rgf[oﬂitr (erMHE Q)gl? %h h@gre ahd HuSk&hnd in t hi oester

(-¢(OS), car (-0), i oether (-S-), sulfonate

(- S( OZ:] ZO) angotisctsuthftbneonmeition sUhMEVEntiany Rzgdergbly the menslyAffosi ti on

~according to Claim 2. wh i | 1St of
nyar ophi i ¢ Aot 1oL Al b pa, Shh i LR Gl S ERoT e 20

menbr anes. 4. adflachpasitdckeddisicadntiowdibes n@lydiemsgl. iimreypm vavidus centady dr ophi | i ¢

nmenbrane. 25 5. A conpositiqgn according..t im.4 W i i il
Torbr ancd i o s SPREHETIEY iR Bro s wendrrrh g Bl tolais ey Toce '€
regenerated celfindcOss, cafitbrnmoBiewdrsitaioe finarthotiet. r Tiegirbatkosfacleivel

conposition according to Claim3 wherein Mis a co site nbrane. 7. A
conposi ti on adeBeuRsigdonesniptineghersied Wn§‘éi°§aréﬁﬁrbzggi%¥ the ab&%’ g?g/ 085481

PCT/ US02/ 12354, 12 4R @R ldxSrdhPiMikdes @lumb ofsdh@ivithgdeaiiel idng) evennienor
copol ymer substrate, said substrate selected fromthe group consisting of

pol y(t et r af | udheyerrhyieeaneyt vepdPy vPREERTRNE 1 uori de, pol yet hyl ene,

ul tra-high nol ecul gf, \ﬁ@éﬁﬁ'ﬁon@gllexgéom’lje@ﬂ%m tﬁ@ii?aﬂﬂé)lﬁﬁdn@"t@the RRbredy) pent ene,
pol ystyrene, substituted polystyrenes; polysulfone, polyethersulfone,

po: yet h% | ene tmwﬁm@ﬁéwa yolyma of ¢ taseiving phiss tvhaghgoataing g(sglybiligngt es,
pol ycar bonat es Py i L : hanrbdid &S,
copol yners of | wtﬁggtd?&gl%\ g&gﬁlg Zlg ? %/%%%\I@%ﬁ‘dﬁl%?ﬁr ér?qaje?g‘éé?gﬁrgﬁg%g? 3?‘%% cgfle
copol yner and fetnyg e sieerghat @mgtiex wikube dedited Hivalentoogiall igmihen daes tige EGATA

For concent r atféRbs ~Crbivay. B “CubiPaE g b BRI sR Mmat folR! 100 o
rs]g{/ Iu; |g 0 2 5 ? i0 ;ﬂ;:d ?8?%&1&&%5%@2&&%5& EG_&”%A_ Iq:gaﬂ(?L ?ﬁh dowg tepdedirsuetaldono| s on
coval ent |y borfdsesths @wm?tgﬁ%“%g%:qaa‘ﬁ’gﬁﬁ?lg%gj%%ﬁhﬁ%%nﬁ%ggﬁn@ Ingfl‘ra].\clli ng
the formula: membranes in concentrated form and transferred to the receiving solution. The
recovery of the desired metal ion from such a receiving solution is readily
accomplished by evaporation, precipitation, or by other known methods.
20 There are several applications for which one may wish to remove/separate the
aforementioned divalent metal ions from solution. An example of such an application
is the separation of ppb levels of Cd*" or other divalent metals from concentrated Cu,
Ni, Zn, Ag, Pb and/or Hg contained in process streams and industrial effluents. This
is true both because of the unsatisfactory technologies presently available or because a
25 more economical method is desired. For example, cd* is ofpen present at low
concentrations in solutions containing other divalent ions at much greater
concentrations. Therefore, the removal of Cd** from such solutions would be
important environmentally because of impurity concerns. Additionally, quantitation
and/or removal of Cd** or Ca®* ions from other non-desirable ions may also be
30 employed. Specifically, this removal process may be implemented when the desired
jons (Cd*" and/or Ca?") are present at from very low levels (ppb) to very high levels
(g/1), even in the presence of concentrated Cu, Ni, Zn, Ag, Pb and/or Hg process




M B-L where Mis a nenbrane, L is an EGTA ligand, and B is a coval ent

| i nkage fornmed by the reaction between an activated polar group on the
menbr ane wWdhywdsigsi a functional 20 group on the EGTA |i gangct/bkizbb

renovi ng the source solution fromcontact with said conmposition to which
said selected ions have been conpl exed; (c) contacting said conposition
havi ng said selected ions conplexed thereto with a smaller volune of an
aqueous recei ying solution in which said selected 25 ions are soluble, or
whi ch has greater affinity for such selected ions than does the |igand
portion of the conpiisithesmfunctionsvmidodthdraman beyacsamplished by nsetaf tiieor sai d 1i gand
t han does the desired netal. i Vi i 4t - i hpi.Ng such

sel ect ed i ons ‘PR IHE a1|1cf %g%ﬁ%ﬁ%m?%%ﬁrlg%ﬁgg'iﬁgelg%ﬁihg%gflfe%@f ions in
concentrat ed filbustrated b the doliosdag examyled ovhsohl apg nod mterddd totbertvhibioglineesor di ng t o

Claim9 wherein B,is coval ent Iinka VWO 02/Q8y81.13 P (1211235-4
sel ect ed f rom“faHeAarr?)ﬁf?nﬁe@ﬁgf"gilf’ iy O’ét’fog“ief%}%féel? %f\ﬁ réCP i %glétglé-t/}r (0 0),

t hi oester (C(OS-), carbonyl (-C(O-), ether (-O), thioether (-S),

sul fonate (-S(O) 20) and - sul fonam de (-SO?NH) |inkages. 5 11. A nethod
according to wherein Mis selected fromthe group consisting of
hydrophi | i ¢ menbr angs folle@idgl cRhhedMdERRN0k befdrRARIBOGRAR AL theiPeAlide
menbranes. 12. A method according to Claim1l wherein Mis a hydrophilic |0
menbrane. 13. thet pestrmesenthichestlaiong. Howeyes: qther smppdipnents maxibg mage PR the ¢
menbrane, i s s t ft e St : ] i hhiul ose,
regenerg ed cgh%glogglg,d;%%l?rg] gg%gg@é)? g??k?ﬁ%l@ﬂir%%ggg%c}iﬁﬁsg?glk 14. A

met hod accor disreggenerabnaiatrel ndwkfercasento Nhe tsxtepf eenpysaample mag b negeesanste A et hod
according to ai-m. 14 wher el igd.c i HEIR I rised of a
coating and acpao T 'or 3%%%Ft§°%e§?epé%g§?’?l§%§c}l sal élebgu ugttsc?bg%}]éga'sel ected 20
from the groupAdditivmbld, i“NMEMT ingled fp{lowing afrtarorlexamplee isditendsd ity xepregdnt Hene
fluoride, polyethylene, .ultra-high nolecular weight polyethylene,

pol ypr opyl ene X RS 2ent ene, pol ystyrene, substituted pol ystyrenes:

pol ysul figne, pol yet hersul fone, pol yethyl ene terephthal ate, . pol ybutyl ene

terepht hal ate, pol yacryl ates, pol ycarbonates, polyethers; polyvinyl
chloride, pol )Ed@!&ééni tMei”é’é“,"'eWh(%%éH‘Wf‘%g of but adi ene and styrene,

fluorinated ethyl enes@mPRILBOSE GQMRH WARE adided to pH 5.1 by adding MES (4-

et hyl ene-chl orotrifl uoroet hyl ene _copolﬁ/rrer. ) ) .
morpholine ethane sulfonic acid monohydrate). To this solution was added 4 acrylic
acid coated UPE (ultra high molecular weight polyethylene; available from Millipore

20 Corporation, Bedford, MA under the tradenames Guardian], Etchgard], and

Rinsegard]) membranes (radius = 2 cm) and 0.7 g of 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDC). The solution was stirred for 15 minutes and
the membranes were transferred to 50 ml of water with 2g of 2,2'-

(ethylenedioxy)bis(ethylamine). After 24 hours, the membranes (MEM) were washed

25 with water. The product prepared is shown in Formula 2 below:
e YanYan e YanYan!
MNES
MEM-COOH + H,N O O NH, —ssc? MEM-CNE O O NH
Formula 2

A 1.0 g amount of ethylene glycol-bis(B-aminoethyl ether), N,N,N’,N°-
30 tetraacetic acid (Sigma) (EGTA) was dissolved in 50 ml of water. The pH of the



16. A method according to Caim15 wherein Bis an am de bond. 30 17. A
nmet hod according to d ai m 11 wherein said selected ion is selected fromthe
group CORBHedgRgsof Ca' " *, Cd2+ and conbi nations thereof. pér/usi¥a92/ 085481
14 PCT/ US02/ 12354 18. A nethod according to Claim17 wherein said selected
ion to be renmoved is Ca2+ and said sourcg solution contains My2~. 19. A
nmet hod according to Caim17 wherein said selected ion to be renoved 5 is
Cdz+ and said S&QH&F %iﬁé&e'dqgﬁ.gg 'ngad-ﬁ? Qaecessagr arhAbu‘E{Féﬁ* ﬁ\iesc]ch?tfon%?l ectively
bi ndi ng netal 1Tons trontan agueou %ﬂlon nprising: a nmenbrane-1|igand
combi nation r epdiasdxydedidbyNﬁmMIg@f 1{(&-divheBhytlamineprepyl)-BActhylcarbadiitbidane or a
conposite ne ha i [0p I IR face
and cont ai ni %yg uaﬁ%t‘?/agﬁég dgrp(% pggm%ut‘%%aftﬁh%&’ th%%g %Q%Jaﬂ\ﬁé%ﬁéﬁr
affinity for d@Exarrqde rextead ddided.i After oaetd1ghocnmmcnwmyt}m sbluncrt |thnmd>m1gannsp| ng
reactlve with an ac d pol ar . gr.o m.t he nbrane, and |S a
coval ent’ | i nk3d§& ‘.’tSSth%P” d"agfﬁ ‘L‘é‘%‘iegg? PIOAUE PrsRatsf 11 38 VE & ?%’tugdg pol ar
group and thepbwaeti onal group of L; and a housing therefor. 21. A device
according to Caim20 wherein the device is in a formselected 20 fromthe
group consisting of a cartridge, unit, cassette, syringe, canister,
multi-well plate and filter hol der. 22 A devi ce according to Caim?2l
wher ei n the nmenbranes rgand s emi nat i onHPE BRI Fhmeﬂ“lcﬁoa carnt,,gl dge in
a pleated confi guf&ieil 25 30 NEk ?2FA s, Aa_l__})b\N O ACOA L’ﬁs Al"

CAUL A3 . . A N U HOOC COOH
S{l /’>99t] W}xsnl d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] calc”a] ca] ca] ca
] ca] ca] ca] ca] ca] c: a] ca] c”a] CabCCLA adJ] cajJcalAN "'
(Z(*,-1041S11234Z4L6786: : : - = ‘Q%)lgxhrljc W%ﬁél ca] ca] ca] cau
]ca]ca]ca]ca]ca]ca]ca]ca]ca ca ca]ca]ca]c cajcalica] ¢aV] cal ca] ca] ca] ca! D
DEEE&E] EKEnEpESEVEYEKFt F* Ht H~HHCKGKr K| Kl N~y1 0j V]]ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caV] ca a] ca] cal] c™a] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca]ca]cal$NprhbhﬂNNN~OOPP
PSPPPPPQQQQORZRk RRRRRRRRS} xr mhc/Yj e [\{]0} ai,] cal ca] ca] caV] ca] ca\/] cajcalcalc
a] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal] ca] caJ cal ca] ca] caV] ca] c”a] ca]ca]ca
S! S$S7S9SCSFSI SSTTTUUUUUUUVWW XI XXXYYY$Z1Z2qZzZZ{vql gb\ W] ] caU] ca] ca] ca] ca] ca
] ca] ca] ca] ca] calca]c al cal ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
aV] ca] caf ZZ\O%%%@RLé? %kmgkﬁf%%éﬁgﬁ 6%%%Ecccdndddngmg|mmnhcAY]]]]ca]ca]ca
] i:a] i:a] i:a] i:a] i:a] f:ah@a»] a@@]lﬁe\]y::gﬁb&ﬁd Bk @?Eabealm]emlmgaxg@e]mﬁ]ymmwag]mﬁp% i:]a] c]a] c
a] ca] ca] ca] ca] ca! mg i hhaiiiikkv] | nmmtcdn c cal ca
] ca] ca] ca] ca] 65\"]‘1&5]“ %ﬂgdf’d@] afr&%qﬂ%ﬂne}aqxea}wree%rg‘g? go\gﬂf)aﬂ‘lc ] ca] ca]calca
]ca]ca]c aU c gdErd %’té‘f' aftborfi hemperature. After 24 hours, the membranes were washed

with water. The product prepared is shown in Formula 4 below:

MEM-CDOC,H, + HN I\f{H \I\{H \N{; leH \NH ;

A ATV AT
MEM-CONH NH NH NH NH NH NH,

15

Formula 4

A 1.0 g amount of ethylene glycol-bis(B-aminoethyl ether), N,N,N’,N’-
tetraacetic acid (Sigma) (EGTA) was dissolved in 50 ml of water. The pH of the
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Formula 5 below:

HOOC COOH
ARV ERYRRYARY RV IAVEARYARYARVE HDC
MEM-CONH NH NH NH NH NH NH, * N 0O O N

nooc —/ \— coon
MEM- COI\I/H \N/ H\N— g
yd VanYenYEnVakass
0=C COOH N O ©O
\NJ Hooc —/ \_ coon
Eo
l:o
rN
HOOC  COOH
- —5
Formula 5
10 Though Formula 5 above shows a product having six EGTA ligands attached

to the membrane, this is not the only possible structure that is produced by above
process. ‘It is only required that at least one EGTA be attached to the membrane,
Further, each EGTA ligand may be attached to any of the six amine nitrogens capable
of accepting the EGTA ligand.

15

While the invention has been described with reference to certain preferred

embodiments, those skilled in the art will appreciate that various modifications,
changes, omissions, and substitutions can be made without departing from the spirit of
the invention.

20
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where M is a membrane, L is an EGTA ligand, and

10 B is a covalent linkage joining said EGTA ligand (L) to said membrane (M).

2. A composition according to Claim 1 wherein B is a covalent linkage
selected from the group consisting of amide (-NHC(O)-), ester (-C(O)O-), thioester
(-C(0)S-), carbonyl (-C(0)-), ether (-O-), thioether (-S-), sulfonate (-5(0),0-) and

15 sulfonamide (-SO,NH-) linkages.

3. A composition according to Claim 2 wherein M is selected from the

group consisting of hydrophilic membranes, partially hydrophilic membranes and

composite
20 membranes.
4. A composition according to Claim 3 wherein M is a hydrophilic
membrane.
25 5. A composition according to Claim 4 wherein said hydrophilic

membrane is selected from the group consisting of polyamide, cellulose, regenerated

cellulose, cellulose acetate and nitrocellulose.

6. A composition according to Claim 3 wherein M is a composite

30 membrane.

7. A composition according to Claim 6 wherein said composite
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polypropylene, polymethylpentene, polystyrene, substituted polystyrenes;

- 5 polysulfone, polyethersulfone, polyethylene terephthalate, polybutylene terephthalate,
polyacrylates, polycarbonates, polyethers; polyvinyl chloride, polyacrylonitriles,
copolymers of butadiene and styrene, fluorinated ethylene-propylene copolymer and
ethylene-chlorotrifluoroethylene copolymer.

10 8. A composition according to Claim 7 wherein B is an amide bond.

9. A method for concentrating, removing or separating selected metal
ions from a source solution comprising the steps of:
(a) contacting said source solution having a first volume with a composition
15 comprising an EGTA ligand covalently bonded to a membrane, said membrane-ligand
composition having the formula:
M-B-L
where M is a membrane, L is an EGTA ligand, and B is a covalent linkage formed by
the reaction between an activated polar group on the membrane (M) with a functional
20 group on the EGTA ligand (L);
b) removing the source solution from contact with said composition to -
which said selected ions have been complexed;
(c) contacting said composition having said selected ions complexed
thereto with a smaller volume of an aqueous receiving solution in which said selected
25 jons ate soluble, or which has greater affinity for such selected ions than does the
ligand portion of the composition, or which has a greater affinity for said ligand than
does the desired metal ion, thereby quantitatively stripping such selected ions from
the ligand; and
(d) recovering said selected ions in concentrated form in said receiving

30 solution.

10. A method according to Claim 9 wherein B is a covalent linkage



3L010%@& ()-9l (10%@& ()- 9%A0%@& ()-  310%& ()- 310%Ai A& ()-
3109& () -1 SSTTTUUaB~\ =1 11

3610%& (WodLo4Ed () - LF1z109%@& ()-F. 10%@& () - 3+10%Q & () - p&1/us02/12354
(" 10%@8% () - yUUUUUUUUUbAL 11~ 3 t1 ' 109%& ()-! 10%& ()- 910%a& () - L10%@& () -
10@ 10@ 10@.710%@& () - WM XI X~\ =bALl 1! A109%@& ()-!' 10%@e& () - 10%e& () -
L10%&: () - yS10%G& ()- !yl '100/&' () -1 XXXYYYEZ_@AL 11782 10%@ ()- ! n+! 109/ () -

10%
1? A &2(%18 10%1‘%/‘@&) &‘%m the's é@?t “gg_df %’%“{d%g 61 (68 o %%W@MQ%Z@AW

! |1 8 01/&)08{&'( § ) - f}) SS@)S})], ]:abmrl( El(@)-) 2098 (-@:)( thioether &S}%@lﬁoqa}ee S(0)0) and
. Z : CS@ %D&()3]J’\’\7~ aBMVAL
1171 5" 10% &' 31%&}&%16%«% N%)f%%é “()-1"s10%\& ()-L 10% & ()-"10% & () -
" Ka[ aaa}*?MAL 1! "&3s10% & () -&210% & () -
. 0 ! - * * '
i?f\ ,J'g?:& &%)((y% b‘l{ Ib; I( ;I' P “A }A egl'}od acésorc!h%g %& (\,‘lam{ 26 &ll]icgrg/ﬁl%/l QE) séle@‘%ﬁ%%grbtﬁg QL@IP
consisting of hydrophilic membranes, partially hydrophilic membranes and composite

membranes.

12. A method according to Claim 11 wherein M is a hydrophilic

10 membrane.

13. A method according to Claim 12 wherein said hydrophilic membrane
is selected from the group consisting of polyamides, cellulose, regenerated cellulose,
cellulose acetate and nitrocellulose. -

15

14. A method according to Claim 11 wherein M is a composite membrane.

15. A method according to Claim 14 wherein said composite membrane is
comprised of a coating and a polymer or copolymer substrate, said substrate selected
20 from the group consisting of poly(tetrafluoroethylene), polyvinylidene fluoride,
polyethylene, ultra-high molecular weight polyethylene, polypropylene,
polymethylpentene, polystyrene, substituted polystyrenes; polysulfone,
polyethersulfone, polyethylene terephthalate, polybutylene terephthalate,
polyacrylates, polycarbonates, polyethers; polyvinyl chloride, polyactylonitriles,
25 copolymers of butadiene and styrene, fluorinated ethylene-propylene copolymer and

ethylene-chlorotrifluoroethylene copolymer.
16. A method according to Claim 15 wherein B is an amide bond.

30 17. A method according to Claim 11 wherein said selected ion is selected

from the group consisting of Ca?*, Cd*" and combinations thereof.
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a membrane-ligand combination represente formula:

10 M-B-L

wherein M is a membrane or a composite membrane having a hydrophilic or partially
hydrophilic surface and containing polar functional groups, L is an EGTA ligand
having an affinity for desired metallic ions and containing a functional grouping
reactive with an activated polar group from the membrane, and B is a covalent linkage

15 formed by the reaction between the activated polar group and the functional group of
L; and

a housing therefor.

21. A device according to Claim 20 wherein the device is in a form selected
20 from the group consisting of a cartridge, unit, cassette, syringe, canister, multi-well

plate and filter holder.
22. A device according to Claim 21 wherein the membrane-ligand

combination (M-B-L) is housed in a cartridge in a pleated configuration.

25

30



