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

Accordingly, it would be desirable to provide membranes having ion removal capacity
which have high jon caplure (efficiency) characteristics, have a high ion 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 fo provide such
membranes which are useful in efficiently processing high volumes of pH neutral liquid.
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between the activated polar group and the functional group of the ligand. In a preferred

embodiment, the membrane will comprise a plurality of ditferent ligands that are ion specific. In

another embodiment, M is capable of removing particulate material contained in the solution.

The filtration/purification methods of this invention have several advantages. The fluid
to be processed can flow through a membrane structure and react with the ligand that is
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immobilized on the membrane inner surface with very small mass fransfer resistance. This
allows the fluid to be processed through membranes at relatively high throughputs with no loss
in ligand-ion complexing efficiency. The particle retention properties of membranes have been
combined with ligand technology in one system fo remove both ions and particles from fluids.

The invention further pertains to filtration/purification devices comprising membranes or
composite membranes with immobilized ligand groups. The ligand immobilized membranes
have been fabricated into devices that enable high flow rates and low pressure drops. These
engineering requirements may not as easily be met with bead technology.
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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 figand having an affinity for metallic 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.  Representative B linkages are selected from the group consisting of amide
{NHCO), ester {CO0), thioester (COS}), carbonyl (CO), ether {0}, thioether (S), sulfonate (SO3)
and sulfonamide (SO2NH).

In a preferred embodiment, the membrane will comprise a plurality of different ligands
that are fon specific. The exact ligands chosen and the ratio of ion specific ligands relative to
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01/ 14062 PCT/Tdachgveizoremoval of multiple ions from DI water, several ligands are immobilized
onto one membrane/device. Each ligand is designed to remove a specific class of ions. For
the DI water purification, ligands SL 420, SL 415 and SL 407 (commercially available from IBC,
Advanced Technologies, Inc., American Fork, Utah) are immobilized on the same membrane

device to remove ions listed in the following Table. As shown in the Table, these ligands have
binding constants that are suitable for removing ions to ppt levels.




Tabl e LogK Values for.D Water Purifier Ligands El enent LogK Ligand Cu*_
16 SL 4201 Ni- 13.5 SL 4201 Zzh_-9.5 SL 4201 Co- 11 SL 4201 Few 8 SL
4201 Ag. +* woBsubles2201 Mh- 6 SL 4152 Fe*** 18 SL 4152 APCTASIWB23%152 Ca-
7 SL 4073 Na+ 5.5 SL 4073 Pb > 8 SL 4374 1. U.S. Patent Application No.
09/ 202,731 2. U S. Patent No. 5,182,2 bia- Y- S. Patent Nos. 4,943,375
(particles), 5,547,760 (nmenbrane) and-#,960,882 4. U S. Patent No.
5,393,892 According to thewnethods of the inventiton, high purity water is
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renove ions jand partl._.g*Les In the water. él'he purified vvat%'H%qen Is riecycl ed
- Ag™ 6.5 SL 4201
Mn+ 6 SL 4182
Fe++ 18 SL 4152
e Al 16 SL 4152
Ca* 7 SL 4073
Na* 55 SL 4073
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 (particles), 5,547,760 (membrane) and 4,860,882
4, U.8. Patent No. 5,393,892

According fo the methods of the invention, high purity water is contacled with a
microporous ligand membrane device to effect simultaneous removal of metal ions (such as
those provided in the Table above} and parficulates. The purified water is recovered or
recycled for further use, such as for cleaning/rinsing silicon wafers following the chemical wet
etch processes, or for any other process where it is desirable to have highly purified water or
aqueous solutions. The purified DI water can be monitored continuously or periodically for the
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been oped to renove al cont am nant s omthe device so it would né6t
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contact with a composition of matter of the invention. Contact is preferably made in a

contacting device comprising a housing, such asa cariridge, containing the composition of
matter of the invention by causing the pH neutral solution to flow through the housing (e.g.,
cartridge) and thus come in contact with the composition of the invention. The contacting
device can include means for flowing a source solution and a receiving solution past said
ligand-membrane composition. - Preferably, the 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 complex with the composition and the filtered and purified pH neutral
solution can be reused. '

An advantage of the ligand membrane and cartridges containing the same is that they
can be regenerated by removal of bound ions from the ligand. A cleaning method has been
developed to remove all contaminants from the device so it would not contribute any significant




superior performance of:the |igand/ nenbrane device, especially.4or
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cellul osic ﬁﬁm&rlals such as cell ul ose, regenerated cel |l ul ose, cellul ose

acetate, and nip Pﬁ@gﬁ]&% lﬁéﬁl n tﬁe ngenpﬁ%ﬂ&n oﬁﬂﬁﬁr}gr\gjl nds At Bl

reactive groups | eri va ately, Conposite
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e e o e R it 7>
b ypropy esféﬁpmﬁ?@iex&%tau ﬂ@é%tb%ﬁ@ arsieletol® ShinkmbrAbsRANE W?anﬁdessdu&ﬁt i tuted

pol ystyrene sul tones such as po ul f one, E yet hersul fone, and the
like; pol yess evlen, andw@lltd@ﬁwt%@lswsfhga @oaeeneaqmi d callulase, paliuioss Acptelene

Ler epht hal atgy ghidniods uk{ngﬁmpgeha/@s%ange [t kaD YRANARA! RmodRed Vet her's
such as perffluorina ers Vi ny pol ynef's 'suc g yvi nyl

chl orde and opdényattzewappmpriateu ébmpomtpmey\bBHQ apdisocsefil. wecomﬂ@este ff@m B i ng t he

pol ymer yrene,
fl uori nat ed%ﬁ@%’eaﬁﬁ% @é@’?‘%’dﬁ%"é@‘% ﬁg&@'@ﬁhﬁ] 9’% %?@Pg |fP%(t)rr?gtoet hyl ene
COIO0| ylmer éﬂ_epbﬁitédehémdwe ﬁeﬁésal ntaﬁvefsmtableqiolymbnﬁrgahe meml;rahe@pbatrbtemcwe rah|h gh
nmol ecul ar i et e in Wols as those
descri bed i ‘?9 { %Rll:@“g W%é%mwmx'eﬁgﬁmaagp@ﬁﬁ?“%&mmt h
conposite miPW@n%ﬁd tﬁehqmﬁ ulbm‘-}oremfse SRRy qua méner iufiv-high maécutahomidht to
affect that performance d erlvatlze n@r% %@u ted in
conposi ti on Pobietylesg (HRE} PQ'MPYPW{GQE pelymethyineptgnee and ths ﬁé’Q'&sqﬂgﬁd’éF‘{ & its
surface, an jonspbnse! foletiodtsuch 2¥ Polybdiiste, PoIftRIsUNonk,Nghd the like; polyesters

including polyethylene terephthalate, polybutylene terephthalate, and the like; polyacrylates

and polycarbonfes; polyethers such as perfluorinated polyethers; and vinyl polymers such as

polyvinyf chloride and polyacrylonitriles. Copolymers can also be used for forming the polymer

membrane substrate, such as copolymers of butadiene and styrene, fluorinated ethylene-

propylene copolymer, ethylene-chlorotrifluoroethylene 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



8 WD 01/ 14062 PCT/ US00122394 appropriate reactive group. This provides a
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p- hydr 0xOfher nydlyniaﬁfamnenoniﬂﬂ@rs b gt Ccaﬁoaé' &lmieat 'memdé na&ﬁbeg id, "gNN-CONposi t e
menbrane,is that the coating placed on mbr ane’ subst'raté is the

det er ni §imeyiaminpgihyl; H‘eﬂ’éwlﬁtﬁngsuifwymfﬂ@tﬁy aué edhet dikeccapalamides.y attach the
|'i gand. pfefac/mided, @macﬁ‘ylé?ﬁﬂm%tt e bo %ﬂ@e?ﬁﬁi&r@éﬁhﬁ @n@%’ﬁ% ic acid

functional group can forman am mne group fromthe
| i gand, ugefewithin thersgepernhthe inveniion BClmtemsﬁmoﬂonal|gmpﬁ:lsuclmmgiycldylmnyllbn The

| d
cet ve. g FaHRAS. sty HeS Such 2 hinobl iRl pthciuRY | o It
an anm néucirasyibyl benzsi chioddendnyl baneydaraine, andw-hydfoxyvinyl kenzeme. or gani ¢ speci es

whi ch sed .fo_attach an '-
or gani o &1 gantE baSE chEREeforth o6l £BEil el Bt s et 1B Belbh PRI e woul o “be
esters, onhheammlane sthstrgtadis dner detgrmining , factarnid defiing- lHeecheinfstr;t bsedrgacti ve

“x

rou an ur f ce | sulfonlc aci.d apa procedure -
8SI ng a cg\@ep @?Ch(,i '@F? OfBMAleyA @W%E‘GWF@"%&?H‘WQQ atcg(ggw&ag dobt ai ned
wi t h carfimetionhligroup @an fdmi B ahite Bt with & pendalitentiiéCdloup Fom kY ligafomd 6fi Ng sul foni c

Bupont - 18 L eABa ot Barbiriealianiry T éé%&eﬁe;?q‘?vﬁ@%ﬁ%gren@emén an_ester
or car besybe preguy ﬂﬂﬂcaﬂibxﬂ@hél@ aétile bl@ﬁ;ﬁ' 1l caiTbé featily toARed to amides
upon reaction with an amine group on a ligand. However, any of the other organic species
which are reactive toward an acid chloride could be used to attach an organic ligand to the
surface. Additional examples of such groups would be esters, thioesters, Grignard reagents,
and the like. If the reactive group on the surface is a sulfonic acid, then an analogous
procedure using a sulfonyl chlqride would yield results similar fo those obtained with carboxylic
acid functionalities. One such polymer containing suffonic acid reactive groups is available
under the tradename NAFION® from DuPont as described above. Preferably, suitable ligands
contain an ester or carboxyl group and an amine fo form an amide linkage.
The composite 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 coated onto the first polymer by a precipitated crystal technique. Altemnatively,




The conposite nmenbrane, conpri ses a nenbrane substrate fornmed of a first

pol ymer and havi ng coated thereon a second pol ynmer havi ng a hydrophi I I C
surface. Theweepmmer pol yner can be coated onto the first palr
précipitated crystal technique. Alternatively, 9 WO 01/14062 PI\/USOO’ 22394
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t 1 | f
Bnd’ ebect ?825%3}%@@5%%9?%&%@% S%P&B»nef#aéﬁ:‘?“%car oofls (99, @i mﬁj;%t Pat ent
No. 5, 190, 66M9., 4860883 y pyidineicantainiag  hydchcarkgnsy (e.gl rhkﬂ:ePatentaNcpoE or

th i

polyet hor - or ey oy Beignneciorihy tiflanhed; S P o g
i ons such as5,2441856) thiot ahdiorrthidtiesdralkyl ﬁltrtigeh-cmlmrhybmcamm e.gel. Slj Patem';] her
transition St tr nSItI n ta ons cont act e
sol utions t F}E‘F?@?SW Hl%W“ﬁdrB‘f’rEePﬂagm?@r@ma'ﬁﬁ% aoefs B8y lRis t hat
can be used Mént NBS5 ﬂio@sg hﬁ@@tpgﬂdineﬁb h d;tyﬁaﬁdneran RPSGanIREGT diel varfiats| Y

described in U S, Patent Appl i cation Nos.

09/ 330, 543 al@d-3b3.3SagalNor 09@?9$4@}@ad mﬂé"lo woéyeiberhwpéané% e igandsnarei zed
wi th Pol yhy dég rsaedw@\ﬁmhtegﬁg’s&fs sugm elthe?Eédafﬁ‘éthIF Sikafife ddth J6BIE fetad

Functionali ze roXypyridi none ands' respectlvely, bot h
filed on Juraher 1tansltggg;etai,cand pestiragsitiop mefal @ns w en contacted with solutions thereof

when admixed with other ions. Examples of ligands that can be used for the above-identified
application have been previously described in U.S. Patent No. 5,618,433 and in U.S.
Application Nos. 09/330,543 and 09/330,477, entitled "Polymeric Membranes Functionalized
with Polyhydroxypyridinone Ligands' and "Particulate Solid Supports Functionalized with
Polyhydroxypyridinone Ligands®, respectively, both filed on June 11, 1999, for removal of iron
{SuperLig 435®; IBC Corp.); entire teachings are incorporated herein by reference, such as
U.S. Application No. 09/202,731 for removal of copper (SuperLig 420®; [BC Corp.); Superlig
415@ for Mn(ll), Fe(lll) and Al{lll}; 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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. bili _ The: i bili zati | y b i ed
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ETCI-IGUARI%I(‘]r ﬁnl\él L1j. orﬁ %%{ﬁig TS E_?tent_ No. 4,618, 533). The

nmenbr ane?'ef reéq)wgarg B OONKS: {The: hydip I e08ng) is Avpliablendgn the redematkne pr esent

i nvent i cETOMGUARD® (FIlligée €6ib., US. PR NoS4@18l588). i n the art by the follow ng
exanpl es each of which wutilizes a conposite nenbrane prepared according to

U S. Patent 4hgipempsaneligand eonpasitionsdhat @se peshy | forccamyingl ayt dheppresent sul f oni ¢
aci d gr op\RRt g,eogy | 3 qﬁér?{ ﬁq@ a' ane itself is
to filgt gr._otl'?'tnqgart | gﬁllﬁgtttgﬁ]r?gseé“iggln, | @@SZ‘%‘?"‘\‘ n @h‘%se;e)ﬁ ng%@gl sol uti en.
For t hiilizss aremposite memprens prapased askerding) tohldS ePatentrid 618583 and sondaining t r apor ous

t t . . . i t Vol Cad L . 005 t

struc Urc."arbo%%@d)&ﬂ?ﬂté%r stlBhi€ acid éﬁr&z)s Y0k OBk dtive E@Qﬁfﬁlﬁrﬁ’ﬁc&gzgﬂén@ 0

about 10 mcrons.” U'traporous p sizes are —snaller Opor ous pore
si zes, tmembsaneligelfia tyfillapout particubsteomaterta), (fqpbssentoin ek nedir@l Gblutioni Fobns. The

donnst r PRt fefidhet Sy ebahEBRINAY fterdithe A58R, MeXBoPRice of the
membr anepoter sizes Yypicellyrariga dromaaboud 10.005 esabost U iices. URrapbrousivry/sizeshae entire
surface s(r)r{allérqﬁannﬁﬁr%rpgrgues’ poirg Csljzgs(,jity%%al}yhr%nging from about 0.0001 to about 0.005 '

microns. The ligands may be aftached to 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.

The following examples illustrate the present invention and are not intended to be
limiting in any way. All refererices cited herein are incorporated by reference in their entirety.
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Ut ah) on oneEmrplﬁ-dgawmmwanum@mz@ﬁdﬁaﬁ@ﬁeﬁenbrane of hydrophl lic
pol yet hyl ene (10, 00 c urface are GUARD( I ) ; gore Corp.). An

R0 e 11 o vasThe cXamrle TSRS semenial mebiiacs s Jeanin (Sod 1or Bos® Ao
acti vat ed USS['mﬂ@C@(@ﬁar@éd ool el Xl U 8 oo coBhgal o 15

m nutes, followed by an 'addi f wonai sanme” sol ution

for 10 or nobleated Merlgane of hydrepbilie Goliwthyiege (&0@@ om? inwface ateelaETCHEUARDBje was
h 9 t n
Lotto titar el Cmo S 415 1daNE wal s iPBIEL D46 BombrdlR!h caflodd e8|
the acti vat aclivatesiaising ﬂ5mxsoftE|®ACquNedgg1 2 liters bf Ei_lryﬁteofmt ﬁi:mmutemllmed bl;weh .
| h r e car was washe
wth D vt con SR bR or EOMEed Yo Rt B 10 O e Gl 2 ne

coupon was pﬁtqnmfaeﬂ!aféd bdﬂndd%&vae&feh lcerﬂ@ﬁdtvmh 5@9@5’ @ntmmhe niabr@@ﬁﬁ liggapaci ty.
The tie capa In t second step, I|gand SL 407

lel cnP.
(e.g., capab lnr %‘Wo‘ﬁ‘?r ﬁé %f%nﬁeﬁeccewgﬂ s f&?&vea‘?’m orcWihpe rdecdpting
| mobi | i zed édﬁvﬁlh?smriﬁé‘@eupﬁ@ #eHctM‘%oxﬂéEPHnﬁe EE:PB@%\FePaI hblﬁ? oF%btté 'aﬁ'ge now

containing the | |tgand SL was activated C (two 15 gns
EDAC in 1.2 evetigh d_t;rahom/a?@ rcargdemwwsw wﬁh@é watahfa pmarmfmhe ss@qnﬁ vigendon ti e,

respectivel ylgy ﬁﬁ%t f‘de ﬁéjco‘ﬁ%t\ﬁds%ess\g@%tﬁ {Bgr&alﬁ@#egld& e{rﬂﬁé @?tﬁ‘dgm of

SL 407 in one |ter erto
prepte it f ovapadify Tﬂelf’edapacnymswﬁ%ﬂloialnmht A menbrane coupon was processed

0.3 onl ol op. | il WA BEEIRE SR gt (G et RS Binioion OGP AR S S
procedur es dmper) waxdmmabiliree toothe atetrbngaéz [ 6&/51 inethel abovel [p tocgl_tﬁ(rae Weeca&rkfge\nawhgnms
by epar e by tantablh ey ST 318 vexaofAd it Ele ey Seve 15 BRE EDBE i haetha (760

n) and 25% ﬂtewaﬂe&nd(tzmxsrrhﬂd 10AMiikse Bctiviton qmynéspaﬁva)ggghé ﬁtlﬂvat({dhﬁrtf(fdgi B r imd?e A
0 wat er

henbr ane. coulnPRRAPEY uSRC G ohSk 49 i e e el o e SR AR e
macrocycl e | pigeioGRipireiitior the R i§ahd efRAGEL YA mBRGINY Bibonas frofbdded!wilR! el cne.
the cartridye to"determine the ligand capacity. The Na capacity was 0.3 imole/cm?.
The third ligand SL 420 was immobilized following the same procedures described
above of activation and coupling. The activation medium was 1.2 liters of 75% IPA and 25% DI
walter. The SL 420 ligand was prepared by dissolving 30 gms of the figand 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 mi) and 25% DI water (210 ml). A membrane coupon was
processed with the cartridge to determine the macrocycle ligand capacity. The Cu capacity
measured was 0.034 Imole/cm?.
Example 2: Multiple Ligands Co-immobilized Simultaneously
This example illustrates 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 ligand
was first immobilized to the membrane. A cartridge was activated using 15 gms of EDAC
dissolved in 1.2 liters of D! water for 15 minutes, followed by additional 15 gms of EDAC in the
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Exanpl e 2: Multiple Ligands Co-imobilized Simultaneously This exanple
illustrates i mobilizing three ligands (SL 415, SL 420 and SL 407; |BC
AdvancedWPMSE ogi es, inc.) on one cartridge contai ni nECHUSI022394 menbr ane
of hydrophilic polyethylene (10,000 cn2 surface area) (ETCHGUARD);

M | | i porsam&asolption. forA?0 Moredriutes. gamtle mmng‘ steg tthd BEMRAted barfiggel @ tﬁéi\e menbr ane.

Acartrld tivat Si AC . dissolved in 2 liters of
wat e@&%@gf‘@mﬁﬁo qhq tbljlt %MPQ F@@S’i‘ inane g DbWatEDAﬁ‘el nthe 12
V\D 01/ 1496phng ds éﬁ&ﬂ?%ﬁ%ﬂwﬂh‘éﬁr&cm é Qétwétﬁﬁ selitioA0he caipihy lon' ” t he

coupling ste the activated cartridge is then contacted wt
the SL Xomactiime sayke Bveraldions os e @t@@ﬁemlﬂhtdlﬁféﬂan i Cimﬂdma\v%rwashﬂﬁe coupl | ng

vas  ef f qgh i Syafdr tid pRipard! b\ dkhi %%%r@@lgén@@ sﬁfiﬁdﬁgﬁfsigonrw%onln by the

coupling reaction contact time can everal hours or up to an overni ght
durati orGOUPDh%WQIQPtOﬁ?-Sé@féWMbe Gastidgedo datermine the ligandeapacly. fihe Farcapatityr at t achi ng

two nor e, %rﬁgd]?ag w8 wqffl » Two nmenbrane coupons were processed with
the cartridge 0gjeterm % e I1gand capacity. The Fe capacity neasured
was 0. 0. 15 afnith@seand stem theligandis 407rand W20 were attachedittethe cartidge merglrands 407 and

i " nd &5 The oAl a5, 457 BaltaRedi lacted v Fbudled Bone, MG ' of “epac

di ssol veleIDAC dissoived inetr Zliteré of DI waket for 15 minutss? folldvied b an addmohamgmw an
olution Tor 10 nore mnutes. In the

ddi t f EDAC t
gou:ol : (I‘)l thg{srsﬂ@g%‘!@@g’l’ é@p“eﬁr’ﬁﬁ’ﬁ?frﬁ" E‘WWW"C@%?@W@%"W@% a sol ution
cont ai niyag tl?éﬂ @ABcted wﬂLa%lﬂh@%nﬁﬁmQ% gPrfs §lSL44'iﬁ ang'%sd?ﬁsvﬁka' 0a m xture of

900 m net hanol and 400 wat er . procedure al so worke met hanol

was ‘subslisselveddna ixture 9@%%’}3@"‘3"8'! and H%Q ml Wmfeﬁe%m@%dmk%r e processed
with t h%éﬂﬁﬁé] rvv}aggﬁbsfuﬂteg%tﬁ ﬁé@br@gyl tldghol. | e@graﬁé:&c;g}f%]s%?e E@&S&{Jged capacity

for Na (SL 4 : 096 Drol e/ ¢ 9 unol e/ cnk
for Cu (vahthezqaymdgmmrmms therligand ¢apagity. oﬁmemécapautyéordiaa@blwﬂl | | ustrates
t he use A S nto purify Cu

cont ai ni ng vva er sol %ﬁ\é%ﬂ@%‘?\gﬁ&m@h folrexngécq The sol ution flowed

t hr ough Example3it edPurdﬁaatpnoﬂqaterdew ce made with the Cu-1li gand (SL
2200 o R PR AB Bhee B £2
' The i nc@uiconfaifiagwatercsolutions inedt ormrpamw_rlrmdelt 'Hlerseﬂﬂmtﬂowéulmuglmbleadd Cu and the
200U P e RO i L GBS gk ol 1 O o
resul t s palyethyiene). t The devicd:manbraneaarea tsraeoumnodmocémzcandqm@arm éap&d:tpm( ppb) versus
the totgy ol)tlzmL téﬁZ(S) [I'l?e IﬂC(P ming féedx d%rrlc%rslt?a on was n?d?n?amed at about 100 ppb Cu and

the solution flow rate at 1 gpm. The purifier product (efﬂuent) was monitored for Cu

concentration to determine the breakthrough. The experimental reéults are plotted in Fig. 2 as

the product Cu concentration (ppb) versus the total volume throughput (expressed as ppb*

liters), a product of the total volume (liters) processed and the incoming feed concentration

(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

until the breakthrough capacity is reached at about 130000 ppb* liters throughput. The

performance is as predicted (Model curve) by the engineering design model (see below)

developed to custom design ch_emical pu_riﬁers for specific applications 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 capa_city. The
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liters), a product of. the total volune (liters) processed.and the incom ng
feed concentration (ppb). The data show that the purifier renoves the
i ncom ng f a@gofdedzr om 100- 145 ppb levels (Feed curve in pbrustgesse) to
| éss than detection |evels (<0.02 ppb, Data curve) continuously until the

br eakt hr ough ity i.s reached. at .about 13000Q ppb* |iters hraughput.
The perf o?‘?ﬁ%@'&’%&gwﬁg‘% F%ﬁﬁ%@@@b@ﬁg@%ﬁ W'ﬁ'@ﬁ)‘mgﬁ 4)915\'(?“8 F%g%{ypiﬁ%y desi gn
mbdel (see dgwérpaleviddifetrh@ped to custom design chenical purifiers for
specific aprI j cat i q\gqsﬁl and to predict their performance from know ng the
process parZemepeMadeh, as |iquid flowrate, incoming ion contanination,
purifier size, and the nacromhqz/Ai gand nenbrane ion capacity. The 13
W81/ 141062 PCT/ USOCQx s2394 breakt hrough capacity and the tol erable

ef fl uent concentration for—a-given application typically govern a device
lifetime. Perfor rranc%l\@del VCo(H+) 2/ A CCU_ V(H+)2/A + Kgo - KVCO A
Where: Cc, = equilibrium copper concentration (nol/1) V = volune (liters)
Co = initial Cu concentraWfH§HA @Ml /HMCeldr) H+ = hydrogen ion concentration
(mol /1) K = equilibriumbinding constant (nmold) qgo = nmenbrane capacity
(nmol e/cnR) A = cartridge area (Cnm2) Exanple 4: Device Ceaning The

menbr ane devi ce Wiete: cl eaned using 2-4 liters of 100% i sopropyl al cohol
(IPA) to renove organics, faqll.owed by a deionjz (D) water flush to
remove | PA. The devi %é' wad & @Humeqpeayﬁem#'w(@eﬁgem rated hydrochloric
acid, HC, 6 molar (& 9.,=fQEmeémRAgr |igand) to 12 molar (e.g., for iron
| i gand) concentration. The device was static soaked in 1.2 liters of acid
for 1-2 hours, foll &ned BynitighCienneaniraigaimadiiter) t ers of acid flowed through

t he device at 30-50 rﬁ.,/rrigh?(]l]%ﬂior %&enﬁﬁ(ﬁn(ﬂﬁlﬁ?ce was drained to renove all
eg w th the

acids. The device was then L \ ultrahi gh purity deionized
wat er to renove all #races egtilibrigs biodiag copstand(mo¥hi s cl eani ng procedure was

very effective in pr %gjuci Q%eﬂbﬁﬂ@cﬂ%&fﬁ/frﬁoﬁd&gi’) extrenely | ow extractabl es.
A = carlridge area (Cm?)
Example 4: Device Cleaning

The membrane device was cleaned using 2-4 liters of 100% isopropyl alcohol (IPA) to
remove organics, followed by a deionized (DI) water flush to remove IPA. The device was then
cleaned with concentrated hydrochloric acid, HCI, 8 molar (e.g., for copper ligand) to 12 molar
(e.g., for iron ligand) concentration. The device was static soaked in 1.2 liters of acid for 1-2
hours, followed by an additional 8 liters of acid flowed through the device at 30-50 mi/min flow
rate. The device Was drained to remove all acids. The device was then flushed with the
ultrahigh purity delonized water to remove all traces of residual acid. This cleaning procedure
was very effective in producing clean devices of extremely low extractables.

While this invention has been particularly shown and described with references fo
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the spirit and scope of
the invention as defined by the appended claims.
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VWhile this invention has been particularly shown and described with

references to referred enbodi nents thereof, it wll be understood by
t hose skiVOM14%2t he art that various changes in form aREVHEOR may be
made therein w thout departing fromthe spirit and—scope—ef——the jnvention

as defined by the appended cl ai ns. CLAIND 01/14062 4 CLAI V5
luiiiiiiiijiiiiiiiiiiii 1S t is clained is: i
removing netallic ions and optionally particul ate materla

neutral sqihatis clsimedieNpPri sing contacting said solution with a corrposr t i on

sui tabl e for r enovi ?g metal lic ions and optionpal partjculate material
cont ai ned li n sérpﬂ’cg%lijqn&‘{'“&ﬂ‘ﬁta“"?@W@PWH@“)&WP@W"&H@WQH*‘l ered sol ution

essential |y dephygbRguitn, Ripiilg Icﬁnthéﬁﬁ@s%lundmmaeagme uﬁéﬂrérbre material;

wherein the conposition conprises nbr ane |nat|on
represent ed byremewng etalin iens am! pptipnal mmquleremamnalgoraalmrmsmlumn andnposi t e

menbr ane havi Nebedl ﬂry?d{ e and

cont ai ni ng pol ar F ﬂid ah&fl@kd@aﬁt[?h%Mra‘l%éﬁ%@ﬁﬁ%t@g?@%fagﬁI nity for
metallic ions amtunaipam(mlatermageral Whanein ihe centposjlionwpmprisesz menirane ligindan act i vat ed
pol ar group fr . s a coval ent |inkage fornmed by the
reacti on bet m%*r{%@o“ﬁ%ﬁﬁgykﬁgﬁg&%roup and the functional group of the
ligand. 2. The nethod according to @&tLm | wherein L is a Iigand sel ect ed
fr;)m the gr O;Jp her%nﬂ ﬁtr n ;@g{;ﬁnﬁ%g‘% nt ai ni n%ﬂvﬁgﬁ y‘rrr,bons I fur and

ni t rogen- cont aM Ccrowns
and cryptands; j mmhb’déldﬂ@mmgpg[aﬂﬁncﬁmﬁ%@gm ng hydrocar bons

pr ot on- |on|zable macrocycl es; di ne-contai nin hydr ocar bons;
pol yt et r aal kyl brﬁrarllgan#@waga@ragfm far rpteligrions and: iing; & §nelipaRl WP hons :

thiol and/or t hiaaRk M & Rlivekd pBibldrd %m MeribRinGng hydr ocar bons; sul fur and

el ectron withdraw ng group- cont ai ni hydr ocar ons; hydroxypyridi none; and

oxygen donor rBds desvsleatdinkage formes Wéhmmmwegnﬂ@acwa@ﬂ@pmmmder nBis a

l ent |ink t f d NHCO) t
(300) "t i onst 85 RIES SRERLIBIORRE o3 OpPpey o St ne o Amde (THE9, ester

2 The method according to-Claim 1 wherein L is a ligand selected from the group
consisting of amine-containing hydrocarbons; sulfur and nitrogen-containing
hydrocarbons; sulfur-containing hydrocarbons; crowns and cryptands;
aminoalkylphosphoric acid-containing hydrocarbons; proton-ionizable macrocycles;
pyridine-containing hydrocarbons; polytetraalkylammonium and polytrialkytamine-
containing hydrocarbons; thiol and/or thioetheraralkyi nitrogen-containing
hydrocarbons; sulfur and electron withdrawing group-containing hydrocarbons;
hydroxypyridinone; and oxygen donor macrocycles.

3. The method according to Claim 2 wherein B is a covalent linkage selected from the
group consisting of amide (NHCO), ester (COO), thioester (COS), carbonyl (CO), ether
(0), thioether (S), sulfonate (SOs), 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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(0), thioether (S), sulfonate ( | fonam de (SO2NH) |inkages. 4.

The net hod accordi ng to Caim 3n§ﬂmw Hi nbrane sel ected fromthe
group con Mf pol yam' des 15 i1 poaiishdnboe? L | |
L il 1111. , US4 -5. The rret hod accor di ng to aimi4

wher ein sal d rrenbrane IS a | on. 6. The nethod
accordi ng t & O ailhg ethpdgceqr "93%%‘%2 nﬁéa' @eg'b@ﬁgﬁ@l%%rﬁ‘d%@"@ﬁﬁ'@d from
the group consi sh*mg of cellul ose, regenerated cellul ose, cellul ose acetate
and nitrocellulose. 7. The nethod according to Claim3 wherein Mis a
conposite nenbrane conprising a nenbrane substrate formed of a first

pol yner, sald su e wth a
second pol yrrer b?ﬁ%{ﬁ%&@é&@drﬁ% gfaﬁﬂ @%(eaﬁﬁ?aﬁaerﬂ%nl%ga&g ﬁ§a§cgﬁ.Llec sSlec?éHfT’oﬂP

hydr ophi i ¢ surf fheegrogp catisistinge ofh callulosec degsnerated aellioss, meﬂulosbeaoetate grd d first
polymer is a pol ﬁ?f%lr ‘gr copolynmer of a menber selected fromthe group
consi sting of fl eH &4 pol yners, polyolefins, polystyrenes,

pol ysul f ones, polyesters polyacrylates polycarbonates vinyI pol ymer s

and pol yacryl oni e : t hgd ,acc to Claim8 wherein said
second pol yy?e &L ﬁ@?q‘?cﬁ‘ﬁ "%Q@H"%MPS?@EMQ*‘ pposite embrane IPIRWS di ng t o
Cl ai m 3 wherein Menbrafe §&B88GR@Ibrined BRITRS POPE OSHR subdratE baing AREIBRE GuUbstrate
formed of a first polynmer, said substrate bei n g directly coated on its

entire surface wild wt!@%ﬁ%syutham@e@p&h@sr gd antahieehniokerddayithoner
polymerized in s i nked in S|tu on said substrate and having a
hydr ophi lic sur?hgdrédﬂ%w@%e nmet hod according to Caim 10 wherein said
first polynmer is a polymer or copol yner of a nenber sel ected fromthe

ol yaul Toned:  pontruptsdiodsdia ol i it Wi Eionls o SO EREY o ¢
and pol yacryl oni of a member 6ledfdd fbi thd@ﬁ)ﬁp Bﬁﬁéﬁd@@ﬂ!ﬁbﬂw po[yﬂersT;rub/obﬁBhod

according to O ai a}s%yrenes poﬁsuli}onseg1 | d polyes Co,npolyg :Xes polycarbona[es vnnyf pé?ymers

and polyacrylonitriles.

9 The method according to Claim 8 wherein said second polymer is a perfluorinated
polyether.

10.  The method according fo Claim 3 wherein M is a composite membrane comprising a
membrane substrate formed of a first polymer, said substrate being directly coated on
its entire surface with a cross-inked second polymer formed from a monomer
polymerized in sifu and cross-linked in situ 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 fluorinated polymers,
polyolefins, polystyrenes, polysulfones, polyesters, polyacrylates, polycarbonates, vinyl
polymers and polyacrylonitriles.
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pol ynmeri zabl e nononer selected fromthe group consisting of acryl ates,

met hacryl ates, ethacrylates, acrylic acid, acrylam des, rethacryl am des,

et hacryl appdesoend m xtures thereof. 11 1 1 1 1 1 11 1 1PCI/US00223341 1 11 1
11 1 13. The nmethod according to Claim112 wherein B is an am de |inkage. C

L Ms I |1 : Ao fHals TR Y ' j | |
sul f onam 4cilé I iTrt{%ihgettahm%gmrﬁggn@?ﬁgé%%gr%fdgge?@ @yﬁﬁﬂsﬁb%gﬁgﬁﬁsai d |
conposi ti on i olymerizablerechohamen selenteda dromn dhelegrowpe dopsisting! ol nagrviatesd '
conposi tion, wherei ai cti .devjce i flow ng a
source sol uti dﬁ@?ﬁgﬁggr egﬁ%ﬂﬁ%’so‘%&hﬁgonéc astaglgiaaﬁigﬁ%orrpmg@?@%nﬂ&es%. The

net hod accor digtgctylemidesanthriureditheredfn sai d contacting devi ce conprises—
cartridge nmeans. 17. A device for renoving netallic ions z n '

particulate material froma pH neutral solution, conprisi l] 'ﬁﬂmamﬂlkmamm

li gand coqdi najyi fathb® Bdceraing toeClaifin2 Whéteih Bliganlafvide likaBe.L wher & nc MU s'ka™s " LN
menbr ane or conposite nenbrane having a hydrophilic surface and containing

pol ar functional groups; L is any ligand having an affinity for netallic

ons - andy£Ont il eflgy Sochidg 1 A3 ViERINY I8 fsiiBiRidatiagel h an activated pol ar

group from'the rane; I's a coval ent |inkage fornmed by the
reacti on between the activated polar group and the functional group of the

| i gand; apd a usi kB 4 T " Is wherel n the
deoi ce i ol T Pofdh BiSiRuC; ol 1 i YE Sofibosiof eirfa"hCA L L1C,
t he menbrane | dogiacting devidsifor holdingwsaidcotpesition) whereinisaid cardacting dewee includes pl eat ed

configuration. me1a7ns folr howing a source solution and a receiving solution past said composition.

16.  The method according to Claim 15 wherein said contacting device comprises carfridge
means.

17. A device for removing metallic ions and optional particulate material from a pH neutral
solution, comprising: _
a membrane ligand combination represented by the formula:

M-B-L
wherein M is a membrane or composite membrane having a hydrophilic surface and
containing polar functional groups; L is any figand having an affinity for metallic ions
and containing a functional grouping 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; and
a housing therefor.

18.  The device of Claim 17 wherein the device is in the form of a cartridge.

19.  The device of Claim 18 wherein the membrane ligand combination is housed in the

cartridge in a pleated configuration.
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