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improving and increasing the speed of integrated circuits. One method

currenily employed by the semiconductor industry is the process of making
copper interconnects on integrated circuits, rather than the former method of
using aluminum interconnects. Copper interconnects provide the advantages
of faster speed and better heat dissipation in integrated circuits. The use of
copper, however, presents certain problems in the fabrication process. In
particular, the wastewater generated from the fabrication process contains
copper instead of aluminum, making the wastewater toxic.

The process to create copper interconnects has the following basic
overall steps. First, copper is electroplated in and over the trenches of the
integrated circuit. The excess copper (outside of the trenches) is removed
with a process termed Chemical Mechanical Polishing (CMP). CMP is a
hybrid process where copper is polished off the wafer by a combination of
chemical etching and physical polishing by fine aluminum oxide slurry. The
'particle size distribution of the slurry ranges generally from 0.02 micron (200
Angstroms) to 0.10 micron (1000 Angstroms). The rinsing wastes from both
of these processes contain variable amounts of dissolved copper.

The rinsewater from the electroplating process is very similar to
-rinsewater found in plating and circuit shops where copper is plated on



RECENERANT WASTE WASTE CQOUTLET (57) Abstract: The present invention
provides a nethod for selectively renoving netal ions of mtguafytzobuom a
solution (12), such as the wastewater froma chem cal mechanical polishing
process. Thévoreydassy conprises contacting a solution (12) senugeipg solid
particles, an oxidizing agent and a fi rsg concentration of the netal ions
with an ion-exchange resin (20) such as-a crosslinked poly-4-
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of al um num Lnﬁﬂ sl%rry n parncu?ar l;er}a%( a further need for unique materials and
methodologies for abatement of copper and/or recycling of the wastewater
from industrial chemical processes. Additionally, there is-a need for an
apparatus for use with the methods of the present invention for the removal
of copper and the treatment and processing of wastewater from copper CMP
manufactuting processes. The present invention is directed to meeting these
needs.
SUMMARY OF THE INVENTION

it is an object of the present invention to provide a new and useful
method for removing transition and heavy metals from waste generated by
industrial processes.

It is another object of the present invention to provide an efficient
method for selectively removing Eoppgr from a wastewater stream.



The process to create copper interconnects has the follow ng basic overal
steps. First, copper is electroplated in and over the trenches of the
integrated circuit. The excess copper (outside of the trenches) is renoved
wWith a process termed Chenical Mechanigal ' Polishing (CW). GVEuiy9084
hybrid process where copper is polished off the wafer by a conbi nation of
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pr ocessEd regigdiin patiedlary The egie is eperativegdnfio conbact with the solution to exchange
selected ones of the metal ions in the solution for selected preferred ions thereby to produce
a treated solution having a second concentration of the metal ions that is lower than the first
concentration, wherein said ion-exchange resin beads contained in a resin beads contained
in a resin vessel thereby to define a resin bed, and wherein the step of contacting is
accomplished by passing the solution in an up-flow direction through said resin vessel
thereby to expand the resin bed. It is contemplated that the solution contains solid particles
having a size distribution of from 0.02 micron to 0.10 micron, such as a solution that is the
wastewater from a chemical mechanical polishing process. The ion-exchange resin may
comprise a plurality of ion-exchange resin beads contained in a resin vessel thereby to
define a resin bed, and the step of contacting may be accomplished by passing the solution
in an up-flow direction through the resin vessel thereby to expand the resin bed. Such
expansion may be from 10% to 60%.

The ion-exchange resin may be contacted with a regenerant solution, such as an acid or
base solution, operative to exchange ions therein for the metal ions of interest contained in
the ion-exchange resin, thereby to form a regenerant waste solution containing a sait of the

metal ions of interest. The regenerant waste solution may be passed to an electrowinning



apparatus for use with the nethods of the present invention for the renoval
of copper and the treatnent and processi ng of wastewater from copper CW
manuf acturing processes. The present invention is directed to meeting these
needs. SUMVARY OF THE INVENTION It is 4n Obj ect of the present2yayeogbson to
provi de a new and useful nethod for renoving transition and heavy netal s
from “BL%IﬁhQ[qQ%EQFa%% Ry red'u dusd fle l&?{s%qﬁéleéerﬁésh {ﬁin& %%ﬁar@%&&lt TRE the
present 1 nvention to provi e an efticlent ectively renbving
copper ipRexshangagesinamay alsorkeygpntgcted Jwithy aJstdringe sgjuljos; saphvialede-iobizedt of
the brepsgl, hdhUmito Bin bReBERY T SORIBATRNIA WM, ELEUASIBH B & MdbnehiPbifircd I
removi ng copper froma wastewater stream contdining soll nd oxi di zI ng
agent s. veaselt fo| whigh et regeneignieeenasntratsempy dseaddsdninerebyda fogn tthe peganedint an
appar atdbs #oR6S #Helr ¥§er§e?arﬂf Bh,%%e,g% renmove copper froma CMP wastewat er
stream Yet another object e present i nvention is to provide nethods
and apparatus for treating and processing a wastewater stream from which
copper C f to
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sol ut i gregayiheatipptsiielém. conpri ses contacting a sol ution containing solid
particles, an oxidizing agent and a first concentration of the netal ions
with an ion-exchange resin that is resistant to danage by the oxidizing
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that is the wastewater froma chem cal mechanical polishing process. The

i on-exchange resin may conprise a plurality of ion-exchange resin beads

cont ai NRGckérdandFita IRRE&peh& tRE YnveRtion, there is provided a method for selectively
removing metal ions of interest from a solution containing the metal ions, solid particles and
an oxidizing agent without removing the solid particles and oxidizing agent from the solution,
comprising passing the solution in an up flow direction through an ion-exchange resin vessel
wherein containing an ion-exchange resin that is resistant to damage by the oxidizing agent
and that is operative when in contact with the solution to exchange the metal ions in the
solution for selected preferred ions thereby to produce a treated solution containing the solid
particles and the oxidizing agent.

In accordance with a fourth aspect of the invention, there is provided an apparatus for
selectively removing metal ions of interest from a solution containing an oxidizing agent and
a first concentration of the metal ions. The apparatus comprises an inlet adapted to receive
the solution from a solution source, a resin vessel in fluid communication with said inlet and
adapted fo receive the solution therefrom, an ion-exchange resin disposed in said resin
vessel, wherein said ion-exchange resin is resistant to damage by the oxidizing agent and is



define a resin bed, and the step of contacting nmay be acconplished by
passing the solution in an up-flow direction through the resin vessel
thereby to expand the resin bed. Such expansion may be from 10%to 60%
The ion-exchange resin may be contactegl with a regenerant sol upigp.oogech as
an acid or base solution, operative to exchange ions therein for "the netal
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apparatus comprising a plurality of resin vessels and ion-exchange resins respectively
disposed therein, wherein various valve states permit fluid flow along selected fluid
pathways.

In accordance with the fifth aspect of the invention, there is provided an apparatus for
selectively removing metal ions of interest from a solution containing an oxidizing agent and
a first concentration of the metal ions, comprising: | (a) an inlet adapted to receive the
solution from a solution source; (b) a first resin vessel in fluid communication with said inlet
and adapted to receive the solution therefrom; (c) a first ion-exchange resin disposed in said
first resin vessel, wherein said first ion-exchange resin is resistant to damage by the oxidizing
agent and is operative when in contact with the solution to exchange selected ones of the
metal ions in the solution for selected preferred ions thereby to produce a treated solution
having a second concentration of the metal ions that is lower than the first concentration; (d)



selectively renoving netal ions of interest froma solution containing an
oxi di zing agent and a first concentration of the netal ions. The apparatus
conprises an inlet adapted to receive the solution froma solution source,
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first resin vessel and through said second outlet thereby to define a fourth fluid pathway.

In accordance with the sixth aspect of the invention, there is provided a system for removing
metal ions of interest from a solution containing solid particles, an oxidizing agent and a first
concentration of the metal ions; an ion-exchange apparatus in fluid communication with the
solution source and operative to receive the solution therefrom, wherein the ion-exchange
apparatus includes an ion-exchange resin that is resistant to damage by the oxidizing agent
and that is operative when in contact with the solution to exchange selected ones of the
metal ions in the solution for selected preferred ions thereby to produce a treated solution
having a second concentration of the metal ions that is lower than the first concentration, and
wherein the ion-exchange apparatus includes a



solution froma solution source; (b) a first resin vessel in fluid

comuni cation with said inlet and adapted to receive the solution
therefrom (c) a first ion-exchange resin disposed in said first resin
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and through said first outlet thereby to define a third fluid pathway, and
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Izing a ent and a
method of Figure 1a;

Figure 1c is a diagrammatic view of optional waste and regenerant treatment steps of the
method according to the present invention;

Figure 1d is a diagrammatic view of optional alternative waste processing steps of the
method according to the present invention;



concentration of the nmetal ions; an ion-exchange apparatus in fluid

comuni cation with the solution source and operative to recgyuegzobe
solution therefrom wherein the ion-exchange apparatus includes an

i on- exchangdvo esorot hat i s resistant to danage by the oxiseEZuswgo@gent and
that is operative when in contact with the solution to exchange sel ected
ones of the netal ions in the solution Tor selected preferred ions thereby

to produce a treatged solution  havin second concentration of fhe metal
ons that is I ower BHEn2Pnls fi NEErABHaMA HeN n@ BARP ancliment; g an
i on- exchange app@tiisusctdidingdes te JedentUinye@) SIRBARE A Yool 5Ble

operative to rovifg:le a regenerant solution that is operative when in
contact with eQ on- exchange resin to exchange ions in the regenerant

sol ution for the neigale 2B RS dRGrAMMEEEAEWS abpSslaid 48 dif @ mEhaRge
resin, therebéa’g‘% fQrma regenerant waste solution contalining a salt of

the netal ion$3c¥OWRGR EagencEignycieltBeePbwi nning cell in fluid
comuni cat i on wi t igaie 2008- SXGGAMIMARPIIGA! U1 ABCaggABL S dadcdndifgabYe e
om Wwh e is

regenerant waste solution therefro erein sard ctrow nning cell
operative to Fisemse?a and2heshewing arinseftefill eyddedaaredt om t he regenerant waste

sol ution and redug j . j ..«The

system conpri ses aﬁg%':%ﬁ?%l E)Sﬁatgo rrécrgﬁ.'%%c agpg%ﬁﬂrogioé?',aﬁ?ﬁqw% ?fo

provi de the sHleupresent dnvetitionnghowingsal isdrvizar ticleesf a liestordsiti andgaagent

and the first regﬁﬂgl%%ﬂﬁrcgéfia%?a%fec&jihere%ﬁt al ions, an ion-exchange appar at us,
r aratus, suc

and a netal recovery ap as an electrowinning cell. The system
may further includdgerev@isise gingaewnatinviewmp ieapmaraiustaccodingte Figurel east

2 v vacuam aigeaid & b Ge FhER o RSLISh Phod BT ol e,

and/ or whi ch secoodeesihj ve to adjust a pH and oxi dation-reduction potenti al

of the treated s .utlj og'to tar.get val.ues, Th SE and ot her objﬁgcts of the
present invention VPP B&cBne HEPEMRH P’S‘?Waﬁgrt @ aRajalis jaccgrtied dPood from

a consi der at i Biguads BhearidBbpwhoginges addréite dFBRY bPthe Bedbnd hesie diphar y
enbodi ment of the present io\a%erc}ti on when taken together with the
acconpanyi ng 'E?ﬂ&ﬂ?ﬁé]@{‘ Cyeia ofiedist 'IBENEF DESCRI PTI ON OF. THE DRAW NGS Fi gur e

la i s a di agrammtiigurel sw ief at diggramirhat aRNOOHIRE ApdrimsPARDANAg itBventi on;
Figure Ib is lg di ag_%ia tic view of optional, regeneration and rinselrefill
steps of the FHEtSS0iR oFCHENRWHRE 2 servisaicle aithe segond msinanehe riese/ralill of
optional wast@&chnef thegisiiesamt treatment steps of the nmethod according to
the present invention; Figure Id is a diagrammtic view of optional
alternative waste lﬂglg@eggq ﬁgjiggrgp‘gnajp yigi of a waste treatment or processing

apparatus for use in treating the copper free ‘waste produced by the ion-
exchange apparatus of the present invention; ,

Figure 5 is a diagrammatic view of an alternative embodiment of a
waste treatment or processing apparatus for use in treating the copper free
waste produced by the ion-exchange apparatus of the presént invention; and

Figure 6 is a diagrammatic view of a copper bearing waste treatment
system according to the present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

The present invention is directed: to a method and apparatus
incorporating a specialty ion-exchange resin for removal of metals from a
siream of rinsewater generated by industrial manufacturing processes, such
as copper CMP processes used in semiconductor manufacturing. The



nmet hod according to the present invention 2 July 2004 WO 01/49389
PCTIUSO /00174 6 Figure 2a is a '"diagranmatic view of a basi QJ@[ngm@mrent of
an apparatus according to the present invention, showing a service cycle

thereof ; Fi gui®/dksei s a diagranmatic view of the apparat U§Cﬁﬁ§(ﬁ)’9ﬁl pg to
Figure 2a, showing a regeneration cycl e7thereof Figure 2c 1Is

di agrammatic view of the apparatus according to Figures 2a and 2b shovm ng
arinsel/refill cycle thereof; Figure 3a is a diagrammatic view of a nore

preferred enbBEESREhINNIoR g gsnesially aovariAgeeNs 1% i akifity tgevaledielyycl e of
a first resi nr@ﬁ@v@coﬁ@@%bﬁﬂeﬁfbvﬁ?@ﬁﬂﬁrs%% ’H’eé&ﬁ' thé: l‘lrﬁéé(n%te’?b 's a

dlagrammtlc vi ew of the apparatu cordin gure
servi ce cycl eswamhe‘\tﬁﬁﬂlﬁ%'ia”b':eﬁ'ienhlﬁhdjeéf&a ﬁfséﬁ?le@tﬂlﬁylto dmsmoofandhreeawecond

resin; Figur eg%g%é Sallgwg'tﬁgrf%mmy &# cc\.{b \th@.ll’?ef%ﬁBQﬁéon w%?r?%? g:rt] a

Figures 3a an OW nNg a service e se resin al _
regener ati on egpensifis ﬂhéhé ispltion,ewhinh \@uyimﬂ'a%\dlsegeaultilmngmCInw ew of

the apparatusg M;d i g - - LNg a |cec | e of
the second resi'n a dbﬂg}elt ?,%%“Fr eﬁ ﬁfou%cgyb& 3%?“?“&@%%9’3”@%3’[ R prﬁ?%f‘f}r e dis
a di agrammat i ventaw isfpardculerit distusead gﬁhtngs%ecptcﬁﬂmmnmal efpcmmph et st ort use
in treating t C( . fr r ce t |.on-_exchange apparatus
of the pr esenfllgm %%ﬁﬁ%ﬁ ﬁ'\%i @%ﬁéﬁg‘?p&%m&i A %‘Hﬂ%ﬁs apRiiggfols | gHOI’é{'F'Ber native
enbodi nent of tte remabfrdmeatuﬂanbf@e[ﬂomls@l?agﬁlbﬁﬁr n@mrmétaﬁs for use I nt f
treating the coppey te produced by the ion-excha ara us o
the present invent |%ﬁho‘£{ﬂdmﬁ§%‘fffee{%%§”' thgi IgEEHmRYSntion, ‘év&g KoBper
bearing wast eretat T® fir reSeing A ichH acd efrmrrpé%‘éﬁs&ied SVABhhfeRt,

DETAI LED DESCRI PTI ON OF- THE EXEMPLARY ENMBODI ME The present | nvention is

directed to SHGHefH At CaAPRe H“Qt"wewﬁ?%o?tfﬁﬂ"bﬂ?ng-rﬁeJB%‘BPQI"B%’U(?%&eXChange
resin for renserdiceotydiet @, SwhitRh@ludes providing a copper bearing rinsewater

stream 12 from a source such as a feed tank 14 or other source operative o
provide copper bearing rinsewater stream 12, The copper bearing rinsewater
stream 12 is then contacted with an jon-exchange resin 20 which may be
disposed in a resin vessel 18. The copper bearing rinsewater stream 12 that
contacts the ion-exchange resin 20 undergoes ion-exchange such that
copper ions are captured by ion-exchange resin 20. A treated solution, or
copper free waste, 22 resulting from the ion-exchange of copper bearing
rinsewater stream 12 with jon-exchange resin 20 may then be sent to a
waste outlet 24 for disposal or further processing. It should be appreciated
that while treated solution 22 is generally discussed herein as a “copper free
waste”®, treated solution 22 generally includes any solution having a lower
concentration of the respective metal ions of interest, such as copper ions,
than the concentration thereof in the original metal bearing rinsewater stream
solution 12 as a result of the ion-exchange of the present invention.

The preferred ion-exchange resin of the present invention is selected
from a family of crosslinked poly-4-vinylpyridine resins and derivatives
thereof, such as those manufactured by Reilly Industries, inc., 1500 South
Tibbs Avenuel Indianapoiis, Indiana. Exemplary ion-exchange resins are
manufactured under the tradenames Reillex™ 402 and 425. The



stream of rinsewater generated by industrial manufacturing processes, such
as copper CMP processes used in sem conductor manufacturing. z‘ﬂhgzaodul y
2004 WO 01/49389 PCT/US01100174 7 present invention is especially

advant ageousvo si/fodze ability to selectively renmove copper pythfiRjdbizs ENOVI N
oxi di zers or solids present in the rins ter stream Additionally, the
hi gh degree of selectivity to transitior and heavy netals allows the
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removal from GIRYIBYi@Re QbsiM ranBUderhafiisy tHePdo Oéreh YodEhith Sto tﬁeﬁwgﬁ@ wn in

Figure 1 a, then, "the present invention Is |rec e to a net for
removi ng met aPNG feaviagetdlppelhis peevidessan exsided asmnmmmmn alumiemay a

P or 1 aite 38 AL RpEh T £R ThikSont I (5 ARIEAG UlleR, gy af HACS £YC
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t hen contacte éwg?#%excﬁ Q%Bgﬁ eﬁ%ﬂﬂﬂc{?rﬁi‘?\ﬁéﬁ ol ?8595' in a
resin vessel alamfrrme, reepipeg ibleas nh@apalcmsef/\ﬂmeesmtfonemppbﬁrémmm Odgract s the
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vv?ste g r_etsdnsq:ussgdf rr«ﬁwexmp|epnneushmenpwasom1 ?@f}rs,mggztsz{l%mwatlert 04
stream Wi XC e e 0 g, waste outle
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treated sol utexphadge resigener al |y di scussed herein as a "copper free

waste", treated so utlon 2 enerally includes gny solution having a | ower
concentration of t Z‘fa f me@pgdugchr%pé,tggie pregent ‘a‘éerﬁ‘éﬁper

ions, than tdsmacmamcmemab laQ@gérﬁ@éﬁ@"f cvdlb Qb%ngrd Ahgedy c@ﬁ@' TRE 8fd ]prtﬂ
rinsewater stream sol utio as a result of the ion.exch ange o0

present i nvenfEEgReraitha ingludas, ¢tacting -a rraeRaENt SOUtaN 530, sHeh g carcasid
i nvention is sitRf pPoviddcPBY Fededrant Burce 85 SlithniedoRkihdtigsi ¥hpy, i di ne

resins and derivatives

Regenerant solution 30 is selected according to the requirements of ion-
exchange resin 20, to the extent understood by the ordinarily skilled artisan.
lon-exchange resin 20 is regenerated by contact with regenerant solution 30,
and regenerant waste solution 34 containing copper ions is produced
thereby. The copper bearing regenerant waste solution 34 is sent to
regenerant waste coliection 36 for disposal or further processing, such as by
an electrowinning cell. An exemplary electrowinning cell apparatus for usé
with the present invention is disclosed in Application Serial No. 09/322,745,
filed May 28, 1999, entitled Electrowinning Cell Incorporating Metal lon
Filtration Apparatus.

The rinse cycle 28 includes contacting ion-exchange resin 20 with a
rinse solution 38, such as de-ionized water, provided by rinse source 40.
Any regenerant solution 30 remaining in resin vessel 18 is rinsed therefrom
by rinse solution 38 to form regenerant rinse solution 42, Regenerant rinse

solution 42 may then be sent to regénerant source 32 where it may be



t hereof, such as those manufactured by Reilly Industries, -inc., 1500 South
Ti bbs Avenue, Indianapolis, Indiana. Exenplary ion-exchange pggii?90are

manuf act ured under the tradenanmes Reill exTM 402 and 425. The 2 July 2004 WO
01/ 49389 PCW@iE#43890174 8 vinyl pyridine structure of thesertiggihgs Makes
themextrenely resistant to attack by c§<|d|2| ng agents, as conpared for
exanpl e to conventional resins that are crosslinked by d|V|nbeenzene

Addi tionally, ssl i nke Vi n resins rivatives
t hereof are veﬁﬁgg'?@ Lt YSFe M Oﬁ?igisrpg?%q{aﬁa%luh%@ neHch) as iag%}ﬂgovi des
an added advactragetrafeeacd thargtom or  oxi des of alum num are present in the
ri nsewater steam giv econes possi ble to renove copper as

desi red without urf%%@gg‘é’ar'ﬁ‘lizﬂ”r?eﬁo%%dd B'l?rﬁ”\@g'fﬁd %Weﬁ@?%ﬂa‘ﬂegfggnns woul d
renove both cmpebpMHYainunu@um W&§§U|ahdnﬂageﬂe+éi>§stré’eitnfeﬁpaéié6 ya@fort he
resin for copper renova her ion-exchange resins contenplated for use

with the pres®RMAGHRENR Wgateracesing sigr 48, VWl refsranes to FigureU cscopparent Nos.
5,281, 631, 5, f4duneid zﬁ%du%eéifgr tﬂ%%nétﬂoh*‘?ﬁ‘fﬁé 5re%bnt5“nventY$H %hdfo‘?'r@he LO

phosphoric acid based ion exch resins hown in ure 1
met hod accor deaRper £MRavaste suen aB 1a8h ofhe iﬂdsp‘m&b ﬁmqe,?SQslé#ulﬁe@né toa

regeneration waabeta%ﬁ sid "ﬁ)éférl %‘r@b@s ﬁjﬁsgﬁ Bt % r°6xudétr%9388

i ncl udes contacting a regeneran as an acl ut|on
provi ded by rpefental 40RM adjuse532 TfmatStept M@d}@ﬂngpblmagecme‘shwnﬁmtormg

excnange 1 est o120 a8 ikte BRVBGIEG ARFRISNIAaY Y haSs P MM VeeR peg ™

ar It i f?g n BIC)ontaegairp?-hg"EI:]e steprof 2djusting mmagtogiu?yn?g?ﬁmmg ng;{f-"rsucafgséggr ?gt
;S)?oguced t hergﬁ%n @ﬁg @8%‘%’ t\éa‘ieﬁ?‘rfﬁ‘ 5’88@ UFRAHC P‘éeggﬁ“u?ﬁ@ﬁdgﬁ'gl s sent
to regener anbrmampiecNhHsmltomdﬁﬁt ORP ds&l&esed G‘hefrasuliheg spluthereaiyng, such

For uise w1 HTPRLR WEBE ohontims, BY (ki 6 (ot B cAdeondly ol No.

09/ 322, 745,  feigereralbywadtd, sol@ifh, 3£ fibid legendlaptva o dvneam:rgﬁimt daa@iypor ati ng
Metal lon Filt I on tu The rinse cycle 28 includes contacting
i on- exchange lp%éﬁ'ﬁeggrqﬁg P as by electrownnn%g cell% )
With reference to Figure 1d, an alternative waste processing step 48
includes sending coppér free waste 22 from an ion-exchange apparatus 58,
such as provided in the present invention, o a waste tank 50. A reducing
agent may be added to waste tank 50, such as by monitoring ORP with an
ORP monitor and signaling a pump to pump a reducing agent into waste tank
50 when an oxidation-reduction potential is detected. Reduced waste 60
may then undergo reverse osmosis 62, which is preferably a double pass
R/O system especially configured to be suitable for high solids in the feed
siream, such as by utilizing polymeric spiral wound membranes with wide
spacers, or ceramic membranes. The R/O permeate 64 may then be sent
through a UV/vacuum degasification process 70 for trace organics removal,
which may comptise passing R/O permeate 84 through an organic destruct
UV lamp and then a vacuum degasser. The resuliing purified water 68
preferably further undergoes electro-deionization (EDI) 66.
A general embodiment of the apparatus 100 according to the present
invention is shown in Figures 2a — 2¢. Here, apparatus 100 includes feed



rinse solution 38, such as de-ionized water, provided by rinse source 40.
Any regenerant solution 30 remaining in resin vessel 18 is rpnggdobher efrom
by rinse solution 38 to formregenerant rinse solution 42. Regenerant rinse
sol uti on 42wmgr4b¥sen be sent to regenerant source 32 whergctiisoiByizbe 2 July
2004 WO 01/49389 PCT/ USOL/ 00174 9 recyqbed for use in form ng regenerant
solution 30, such as by adding concentrated acid thereto. As shown in

Fi gure 1c and , hod of t.he present .inventiaon opti onal |
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processi ng st egssé8.118 hivingfienercitarige Fsivr@0ldRposstd Besrein! Iregeniaahie 22
produced by the nethod o{ Zr;]ge_ resent invention, and/or non copper CM
waste such asSTYEm'GERer 19 BE'BQirﬁgerﬂﬁrﬁﬂte§é]%°rhﬁ,30ic§3%°@ﬁg therein, {86t e t ank

50. There it sowtes ge@sopétativs 46 tpravidé &f ripsé GLRA; WREHE bLAG 18Pt K&k al
(ORP) adjust 52. The step .of adjusting pH nmay occur by nonitoring pH such
as with a pH Ao 85 a inRfAdaptadiofesrive 4kires waste 1224 angddegenssanta

target pH Theastennesiolss bpatatitd RivecelindintRabLOdAOFEPach as

with an ORP nmpnitor to detect an oxidation-ré&duction potential, addi ng
for exanpl e NaAMBO®Sinovasgehst!8orpoereraais fewee VEssel 432 tinsmy sovicet 140) nay

hen e o Showslebyeb 2R % oA AWty Mo Al MABYe oo

regenerant waste sol ution 3 om r egener ant wast e col 1 ect Pon pol
be further proyeardid KR which isyadapiar totecaive ryfiuidistreB®l. Rimps @4 endnce t o

Figure 1 d, a : ' ' t 1 e ndi ng
copper free &@é@%ﬁﬁ%\g@ﬁ%@g{(@%ﬁg%@&ggg\éﬁ?é@ %&Qw%g%ﬁ@% aﬂf“ovi ded
in the presen®pérainentoi pump fisiddhresgh eohduik 12D and anesfUstategvhergientheydy be
added to wast gt S S [ [ i JuN . ORP _poni tor and
signaling a pﬁ?}pﬁ}ﬁp ggrr'r% y%"é%ué%’g@@ei@’i %%s\t,\f@%t J%E a'%@ﬁ%ﬁean

oxi dat i on- r eddispdsEd ipatomduit 41721 anddareenperdtiveRednoes bertden 8Qlosel\stdtben
undergo rever SES. 6 ich is preferably a ubl e pass . RO system
especial Iy CO[?I ?’grﬁ@dhﬁlg ﬁ%wgﬁﬂegypggtﬁoqn. ithoé‘%ﬂ isgageiqilqmﬁy ?iH@dho‘gt ream
such as by utiherethmoggipol yneric spiral wound nenbranes with w de spacers,
or ceramc menbrar]_es T, rmeate 64 nay then be sent through a

. Rl O
UVl vacuum degasi f i d%%"?oﬁgpﬁfﬂf"ég@'%éew&e Eycle dob2pRaratys 18fpy Kere, Cu

bearing rinsewater stream 112 is pumped from feed tank 114 by pump 174 in

preferably an upflow direction through resin vessel 118. lon exchange resin
120 accordingly expands, or fluidizes, as a result of the upflow direction of
travel of stream 112. Preferably, the bed of ion exchange resin 120 expands
approximately 25%, although a range of expansion of 10% - 60% is
contemplated. Valves 178 and 180 are open, while the remaining valves are
closed. Cu bearing rinsewater stream 112 flows through resin vessel 118
where it undergoes ion-exchange with ion exchange resin 120, such that
copper ions are captured by ion exchange resin 120. Copper free waste 122,
which may contain little or no copper ions, is then passed from resin vessel
118 to waste outlet 124 where it may be treated or processed, if desired, and'
either disposed of or recycled in the manufacturing process.

When ion-exchange resin 120 is at full capacity of copper ions, a
regeneration cycle begins as shown in Figure 2b. Here, valves 178 and 180
are closed and pump 174 is turned off. Valves 182, 184, 186 and 189 are
opened and pump 176 is turned on, Regenerant solution 130, preferably an



whi ch may conprise passing R O perneate 64 through an organic destruct WV
lanp and then a vacuum degasser. The resulting purified watep J6f 2004
preferably further undergoes el ectro-deionization (ED) 66. A general
enbodi ment ™0 @1he3sappar at us 100 according to the present pdrveanbodn i s
shown in Figures 2a - 2c. Here, apparat ys 100 includes feed 2 July 2004 WO
01/ 49389 PCTICTSO 100174 10 tank 114 operative to provide a Cu bearing
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t her et hr ough B@@inairaplows it figuse 2owi heyef valves ﬂBﬁ\andtmerehclomanEl gure 2a

shows the ser u ) wat er
stream 112 |syépiﬁ%p %&%LQ eﬁeﬁ&?&r@b @Ti&g”mgqng'ﬁ%" Cﬁgﬁ F‘Egg E‘ﬁ%g
upf | ow di r ect 13 provided by riesé souressi0, massesltbmughcrhangoessasma to ¥P8e
accordingly e of .t he upf.l ow d| ction of
travel of st r%@?%ﬁaimﬂé ééeﬂeg% :Sdhftﬁg @%ﬁ%ﬁ% r% ?(%Wﬁ%g "has |SH 96 expands
appr oxi mat el y‘l%%eraﬂb*weughregenalage sofirce xyEmssl we OWhéJ@%egeﬁéx%nt ginse
cont enpl at ed. e while t rena val ves are
cl osed. Cu beséc%(lﬁ“no\gﬁ fﬁ%’i‘%&gf@g?g\éc??%ﬁpﬁ? %%@GFWPBEWW‘EEW%B% 8f 118
where it undemg@aslmgouemanhate@emgembrammgexq:ia@fawy esheentred LR tbhat
copper ions ar e Ca'%‘tj nI aﬂgag resin 120. lgper free waste 122,
whi ch may cont#rn® FP‘érCSrveﬁ%e ﬁ%pié'f’ fesiredstegRReralios SeRcantigiirn &fi n
vessel regenerant solution 130 is achieved. To the extent understood by the
| ordinarily ~skilled artisan, a concentration monitor/control or pH
monitor/control may be used to automatically adjust the concentration of
regenerant o regeneration levels by pumping concenirated solution to
regenerant source vessel 132 as desired.
Once the rinse/refill cycle has completed, valves 182, 184, 188 and
190 are closed and valves 178 and 180 are opened, and pump 174 is turned
on, thereby 1o begin the service cycle again.
The various on/off and open/closed states of valves and pumps during
the operation cycles for apparatus 100 is summatrized in Table 1 below:
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Once the

concentrated spl ut F'Gﬁ 1tg§ Lea

rinse/refill cycle has conpleted,

and val ves 178 and 180 are o ened 174 is turned _on, thereby to
begi n the service 2{R48 f%(@?ﬁr Eoé“ gl% i PErSenk ivesfian it SBeWR 8t at es of

val ves and purgsred8d N®d. Here, apparatus 200 includes a dual resin setup, wherein

o T
2 a;bggg rer“f
184, 8 and 190 are cl osed

val ves 182,

two ion-exchange resins are utilized such that one of the ion-exchange resins

can be in the service cycle while the other of the ion-exchange resins

undergoes the regeneration and rinse/refill cycles.

Thus, it becomes

unnecessary to interrupt the copper removal process, because a service

cycle can be continuously performed by the apparatus.

Apparatus 200 includes a feed tank 21 4,'which is operative fo supply

copper bearing rinsewater stream 212 10 a conduit 272 which interconnects
various components of the apparatus 200. First resin vesse! 218 and second
resin vessel 219 are provided in fluid communication with conduit 272, and

each resin vessel contains ion-exchange resin 220 and 221, respectively.

Rinse source 240 is further in fluid communication with conduit 272, and is

operative to provide de-ionized water 238. Regenerant source vessel 232 is

operative to provide acid 230, as appropriate for regeneration of jon

-@xchange resins 220 and 221.

Waste outlet 224 is operative to receive

copper free waste 222 resufting from ion-exchange of copper bearing

tinsewater stream 212 with either of ion-exchange resins 220 or 221,



the operation cycles for apparatus 100 is summarized in Table 1 below 2
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Ri nse/ Refill Cycl eCycl eCycle Punp 1740ONOFFOFF Punp 1760FFONOFF Val ve
1780OPENCLCOSBOCU@ESHED Val ve 1800PENCLOSEDCLOSED Val ve 182CLeESEDERBNGPEN Val ve
184CLOSEDOPENCPEN Val ve 186CLOSEDOPENCL@SED Val ve 188CLOSEDCLOSEDOPEN Val ve
189CLOSEDOPENCLOSED Val ve 190CLOSEDCLOS EN A nore preferred enbodi nent

of the preseng.] ' | .S ' Figures 3a -- 3d. Here a ratus 200
"nl udes o auBpoR IR 8asteodiftihple i eleiRe JRokanls aRFRanERBSEL 17 2ac
such that onesaétidrhe234onheviafasgeparesans gres@ﬂt blheir‘]mnt PesugRIGV iffen CN‘\@LIG whi | e
the other of jhe ion-exchange.resin under goes. t he regeneration an
rinse/refill QEENeE lorzmﬁgi?hqqtof %E@ﬁg‘gng%ﬁg%&%oﬁryezﬂo_ i nterrupt the copper
renoval process, [RaANSL74 aBERTERe didpobsd FPEoNRICHI And arsbyera@rd mr med by

t he appar at us. ratus 200 i ncludes a feed tank 214, which is operative
to SUBB| y coﬂbéﬁgggéﬁﬁc? Hl;j“'ﬁpifhg‘g Pugh cqndyil 3721 Vales:2 S Huiough 266 andi ch

| nt er connect s288/ FiroQits 200NRRNEGBHSsR int BEnARPEFRNY £B80opdrhfivd 1d fRive vessel
218 and second  resin vessel 219 are provided in fluid communication with

condui t 272, bRyeeRatlosetsiate preyentingiitidilaw thereteusiaagd ancaien statle and

221, respectiyRling fllt ISR tASiiBugtO 1S further in fluid comunication wth
conduit 272, and i's operative t-0o provide de-lonized water 238. Regenerant

source vessel 232 Assshown in Figures 3a and 3b, first resin vessel 218 can undergo a
service cycle while second resin vessel 219 undergoes both a regeneration
cycle and a rinse/refili cycle. In pariicular, as shown in Figure 3a, pumps 274
and 276 are turned on, valves 278, 280, 283, 285, 286 and 289 are opened
and valves 279, 281; 282, 284, 288 and 290 are closed theraby to work a
service cycle in first resin vessel 218 and a regeneration cycle in second
resin vessel 219. With respect to the service cycle of first resin vessel 218,
copper bearing waste 212 is passed in a preferably upflow direction through
resin vessel 218, where it undergoes ion-exchange with ion-exchange resin
220. Copper free waste 222 resulting therefrom is sent to waste outlet 224,

- Concurrently, acid 230 from regenerant source vessel 232 is pumped by
pump 2786 through resin vessel 219 thereby to regenerate ion-exchange resin
221 to form copper salt bearing regenerant waste 234 which is sent to
regenerant waste collection 236.

As shown in Figure 3b, once ion-exchange resin 221 is regenerated, a
rinse/refill cycle begins on second resin vessel 219, while the service cycle
continues on first resin vessel 218. Here, pump 276 is turned off, valves 288
and 290 open and valves 286 and 289 close. De-~ionized water 238 from
rinse source 240 is passed through second resin vessel 219 thereby to rinse
away any excess acid and to form regenerant rinse solution 240 which is
passed to regenerant source vessel 232 for reuse in forming the acid
regenerant solution 230. Concentraied acid 292 may be added to regenerant
source vessel 232 to adjust the concentration of acid regenerant solution 230
as desired.



operative to provide acid 230, as appropriate for regeneration of ion
exchange resins 220 and 221. Waste outlet 224 is operative t@ngqeo&e
copper free waste 222 resulting fromion-exchange of copper bearing
rinsewat er swo@an3sdl2 with either of ion-exchange resins @fu@nedd. 2 July
2004 WO 01/49389 PCTI USOL/ 00174 13 Regqgerant waste coll ection 236 is-
operative to receive regenerant maste sol ution 234, haV|ng copper salt

present therein re fro enera f n change
Peains 220 or 221 Optyle ShiSRMH ot BRAERTBIAAL y3veS 205 b 2885kt o o
oEer at ihV(238i6n 29% acmglgsadri] anti Qh@ggfgicéldyblé dohtlm!@d lor@ﬁmﬂlp%é‘ n 3@%&7&;!22’118 ‘gﬁﬁl 278

t hr oug an t hr ou sed, i n condui t and are
operative to IPOVEC BBW\/&PE?}‘P gggfso%’g@ugiegt g@'@é%@ﬂ? Agn-exehance rgfin 220

ther et hrough e s deremingdater exaimpm)i wwnfelayummd tr@/\béﬂvéh&ampaﬂ@ flofgs shown
in Figures 3a (gnd 3b, first resin vessel 218 can_undergo a_ service cycle

whi | e second YRR 9%§@%qerﬂeﬁr‘ﬂﬁd§?3&8’é§ertﬁf%"hmgg@?ﬂaﬁampéﬂng i beand a

rinselrefill Eﬂ&&ﬁeaﬁd&:ﬂ?@f ;drlcégcﬁéng@ﬁe s | n Figure 3a, punps 274 and
276 are turned on, valvés 278, 280, 283, 285, 286 and 289 are opened and

val ves 279, 281; oJAbthistme, agshewn iroBigutassde ars ad, $¢i@|ﬂétr9smoreml121a
service cycl eyhdbrfbést a’ Q8hbe' eGeR  wiifs 6 aregﬁqg%%@“'ﬂ que'& second

resin vessel 219. Wth respect t'o the service C n vessel
218, copper tﬁgeﬂew@owamobnaa@’ref@ qyalesedin paﬁICpPaef&asabbwnupflﬁgwedﬂm ection

t hrough resi e g c

| on- exchange Qléﬁéﬁ%ﬁé%&gwéé&a l?éé‘g;@vvzadﬁ{1 %ggzégﬂszfﬁéu n Qﬁgﬂre e(pr%dl s sent
to waste out | and valdes 2T8,280, 12861 285, 288i ahd2ZHD anecnimseageWﬁhampesbwme vessel
232 i s punped P 7 219 thereb egenerate
i on- exchange réepél IR &E%réu&% S!f?gb“’é#" %’?ﬁeyf?ég ﬂﬁp?’reﬁ%ﬁ@ &'e 234
whi ch i s sentstteam r&@efremafdednwamke2iold earti mm@ﬁsemfjsmmveﬁeﬁzggre 3b,
once ion-exch resin 221.is regenerated, a, rinse/r beglns on
second resin @@E%& @f@gc%milqne—e)fcﬁgng%y\@}'ld%ﬁ-gw%ged'gﬁpi QFKP resin
vessel 218. Heaste J32esiffifg itherbiromes sehf to wady @utlditel4, aFﬁstZ@Qn%@é‘eland

val ves- 286 an 89 .c| ose. | zed wat.e 38 from |nse source 240 is
passed throu %é’@gﬁ@"ﬁés'i%eo @n afl@“'f’héﬁcib%/ PUBREdn 3é pump 276 from

regenerant source vessel 232 through first' resin vessel 218 thereby
undergoing ion-exchange with ion-exchange resin 220 to form copper salt
bearing regenerant waste 234 which is sent to regenerant waste collection
236.

As shown in Figure 3d, once ion-exchange resin 220 is regenerated,
pump 276 is turned off, valves 286 and 289 are ciosed and valves 288 and
290 are opened. Second resin vessel 219 continues undergoing a service
cycle. De-ionized water 238 from rinse source 240 passes through first resin
vessel 218 thereby to rinse any excess acid therefrom. The regenerant rinse
solution 242 is then passed fo regenerant source vessei 232 where it is
recycled for use in acid regenerant solution 230, the concentration of which
may be adjusted by addition of concentrated acid regenerant 292.

Once rinse/refill cycle has completed, valves 282, 284, 288 and 290
are closed and the service cycle continues on second resin vesse! 219 until
ion-exchange resin 221 is exhausted. At this point, a service cycle on first



away any excess acid and to formregenerant rinse solution 240 which is
passed to regenerant source vessel 232 for reuse in form ng phealyaeood
regenerant solution 230. Concentrated acid 292 may be added to regenerant
source vess&to &80 adj ust the concentration of acid regamei@RhesP! ution
230 as desired. 2 July 2004 WO 01/ 493835PCT/ US01/ 00174 14 Once the

rinse/refill val ve

and the servi ce.c%ézl e
i on- exchange &4

55

1

cycl e has conpl et ed,

ti nues on fjrst

n vessel

i . 218
a0d A esnasation, syalecn SRECBR Tesin Vesed!

283, 285, 288 and 290 are cl osed
til
gﬁ%@eg@a n 220

may be det er naggid asfshbwed@FRjugs 39y neasuring the concentration and flow
rinsewater stream 212 and conparing with the

AR pperyolgseqngtaias; of valves angd PUTRSWIVING Fi gur es

vol ume of copper

known capacity
3c and 3d, se
resin vessel

bearin

vy,

of

218 'under goes

particular, as shown in Figure 3c,

FRNShrARINCyEREF6! appbPatul PASIUQRSMANART MITE®IFY bbe

regeneration and rinse/refill

cycles.

e first
In

pUdgpleZ’6 is turned on, val ves 279, 281,

282, 284, 286 gnd 289 ar AT P TR0, 283285 —288 and
290 are cl ose,d1 Wth respe@g?%g%nhe L@Peértﬁégg ycC eec'éﬁﬁrmgﬁs%c? gnd resin
vessel 219, copper bearing isendoenatier septiceean 212eginom f eedesiank 214 is
sent through second resinp v l, 219 rebyl u r.goi ng i on-exchange with
i on-exchange resin 221. Qopper freg V\%@%e/eZZ Pscegiﬂ?%l ng tsﬁ%}"g?ron i s sent
to waste outlet 224. First sesoml vgssekcortl8 ungeleddiest [ agekerfpgti on as acid
230 is punped by punp 276 from redener.ant source vessel 232 through first’
resin vessel 2%8 t her eby | "ERAEFYD] g "FVNIBSE nalf§E (ROPH: orﬁf‘s'@){lf'ﬁ‘ﬁnge resin
220 to form copper salt [beagyohy rggeneyeknt WaStQVa34 whi clyyble sent to
regener ant wasjfe-ecohbleection—236-—As shown in-Fig 3di—once ons exchange
resin 220 is rag@W@Pg{?éd, p 274 is cPh‘r ned| of f} Nyal ves 288 and| 289 are
closed and val yepu@g®78nd 2ZPNnar e [OpegRF  SeCOoNdoNeST N{ VESSEE 4115
continues undefgol-ng.a-service cygle 'De-ionized water| 238 fromiinse
source 240 passe¥a@Pdlgh fiQRENr edi n OFENsel | 2@BOBES: epy CLOSELhse any
excess acid t heTgi @ Ti Stk cﬂlcié)gﬁs bUiGPiE‘N' 2642 bpé,@eu passed to
regenerant soufce vesse| |232 ereilit Is

Valve 280 OPEN OPEN CLOSED CLOSED

Valve 281 CLOSED CLOSED OPEN OPEN

Valve 282 CLOSED CLOSED OPEN OPEN

Valve 283 OPEN OPEN CLOSED CLOSED

Valve 284 CLOSED CLOSED OPEN OPEN

Valve 285 OPEN OPEN CLOSED CLOSED

Valve 286 OPEN CLOSED OPEN CLOSED

Valve 288 CLOSED OPEN CLOSED OPEN

Valve 289 OPEN CLOSED OPEN CLOSED

Valve 220 CLOSED OPEN CLOSED OPEN

As shown in Figures 4 and 5, the present invention also includes the

treatment and processing of copper free waste resulting from the ion-

exchange of a copper bearing rinsewater stream according to the present

invention. The treatment and processing as shown in Figures 4 and 5 may

be an add-on to the ion-exchange apparatus of the present invention, or may

separately treat copper free waste from a single source, such as non Cu-



recycled for use in acid regenerant solution 230, the concentration of
which may be adjusted by addition of concentrated acid regepgug#p0492.
Once rinse/refill cycle has conpleted, valves 282, 284, 288 and 290 are
cl osed and ™e01810389i ce cycl e continues on second resin vessgysoZagd7antil
I on- exchange resin 221 is exhausted. At %his point, a service cycle on
first 2 July 2004 WO 01/49389 PCT/ITSC&? 0174 15 resin vessel 218 and a

regeneration esi.n vessel 219 begi ns in As shown in
Foare 3a.  ThEVFa el AEREP ERIARNER BrosBE SivEe BRI oESodRE punps
during the opasteas numepisdsn-brehangpapphiatus2fiked 3o OMPBF bEReidok, Tkl e 2
bel ow. Table 2 F* resin First resin Second Second service service resin

rst.
resin cycle /m&')g aé’ﬁ’”ngé)rr?ff%sé' servi ce second second cycle / first cycle /
first resin regen.Ag eaown fim Fguré &S iah de8filary’®pbdr frb8$faste treatment or

processing apparatus 300 according to the present invention includes a
waste tank 350 in fluid communication with a copper free waste source, such
as an jon-exchange apparatus 304 which may be similar or identical to the
apparatus of Figures 2a — 2¢ or 3a — 3d. Here, copper free waste 322,
resulting from the ion-exchange of a copper bearing rinsewater stream, is
transferred from the waste source to a waste tank 350. It should be
.understood that waste tank 350 may be any type of fluid éontainer, collection
vessel or conduit. Additionally, other copper free waste to be disposed of,
such as from non-copper CMP 344 or other sources, may be sent 1o waste
tank 350 for treatment or processing. Since the copper free waste 322 and
effluent from other sources may have low pH and oxidizers such as H.Q», it
is desirable to adjust the pH and ORP of the copper free waste 322 in waste
tank 350 so as to meet disposal requirements, aliowing efficient disposal of
the waste solution. Accordingly, the solution in waste tank 350 preferably
undergoes pH adjustment 352 and/or ORP adjustment 352', as necessary.

In particular, a pH monitor 308 may be used to monitor the pH of
copper free waste 322 in waste tank 350. pH monitor 306 may signal to
pump either a base or acid solution into waste tank 350 as necessary to
adjust the pH of copper free waste 322 to a target pH. Specifically, pH
monitor 306 may signal to pump NaOH 307 into waste tank 350 when the pH
of copper free waste 322 is below the farget pH. Conversely, pH monitor 306
may signal to pump HzSQ;, into waste tank 350 when the pH of copper free
waste 322 is above the target pH. Similarly, ORP monitor 309 may signal to
pump NaHSO; 302 'into waste tank 350 when an oxidation-reduction
potential is detected. Treated waste 303 may then be disposed of, such as
by sending to sewer 305.

As shown in Figure 5, an alternative waste treatment or processing
apparatus 400 mdy be seen as an add-on to existing manufacturing tools,



cycl ecycl ecycl ecycl e Punp 2740ONONONON Punp 2760ONOFFONOFF Val ve
2780PENOPENCLOSEDCLOSED Val ve 279CLOSEDCLOSEDOPENI  OPEN Val ve July 2004
2800PENOPENCLOSEDCLOSED Val ve 281CLOSEDCLOSEDOPENCOPEN Val ve

282 CL OSEDCL @8H¥PISNOPEN Val ve 2830PENOPENCLOSEDCLOSED Val ¥€ruse1/o00174
284CLOSEDCLOSEDOPENCPEN Val ve 2850PENOPEMNCLOSEDCLOSED Val ve

286 OPENCLOSEDOPENCLOSED Val ve 288CLOSEDOPENCLOSEDOPEN Val ve

2890PENCLOSE \/ ENCL OSEDOPEN hgwn in Figures 4
2nd B the pr SKhES e, SolBes KPiRtANgR SHPRARAIS ASG: il pESER S g of
copper free wnvemtioneselwélngs to n@r?] bbpp&romMPemlsamﬁtﬁoﬁfer%_?ﬁ@:@tB% ctbﬁﬁéﬁt ng g

t t d|n to t rese nventi on e treatpent an
br 0650t ng. as RN nrEPARPUB. AGRIAES A0D albbece JaaieHg s e from
i on- exchange whighrosbpsr Rds b&én RIrAGRI, subly %@tﬁyothe ien- eﬁayang%%é‘fhéﬁ%inﬂ treat
copper free waste froma single source,_such as non Cu July 2004 WO

01/ 49389 PCTI SRRFTAHE P} H1e RESERENYRILIE. fmrﬁepv@ewmﬁrwm Wgs?ﬁl gtibes, or
froma plural P @bl 60M GREs mafuiEBiuRRg PHEBIsaLS lt%oﬁmﬂ%r%eﬁrtﬁétus

| inked to CMP or other tools, in a manufacturing process own in
Figure 4, an ¥RaBLaAPOIBRHEE UsPddo REANESS insa SireAMS dfom prgivansioohgs &ppar at us

300 accor di ngrgiofht di4us@? 3RO deliRD oM bl s Aoy 3 T3 1 11 U1

communi cation Wth a copper free waste source, such as an I on-exchange
appar at us 304 leged cdeviegy oblowi all toals asra ffdeititiest alevice witen rirmepsireamssaref

Figures 2a "co%ﬁbnﬁ%d 3Rd tredtbd E—F‘é %enﬁQHBSénofnr e?h% é%f%%ﬁﬁ@tﬁsfﬁ%wtﬁg from

t he i on-exchange of a copper bearl I'hSewat er rea rred
from t he wastibedenrexchange anethed and appamﬁjh ofithe q.r:hamlntl irlyention provides an

advantage in that solids removed and concentrated by apparatus 400 do not
contain copper and therefore can be disposed of as non-hazardous waste.
With respect to copper bearing regenerant waste resufting from the ion-

' exchange, it may be desirable to send the regenerant waste from several
sources, including point-of-use and local systems, to a facilities
e!ectrowmnlng cell for copper recovery, since electrowmnmg cells can be
labor intensive at times.

In the exemplary embodiment, apparatus 400 includes waste tank 450
in fluid communication with a rinse stream source, such as an ion-exchange
apparatus 404 which may be similar or identical to the apparatus of Figures
2a — 2c or 3a —~ 3d. It should be understood that rinse streams from other
sources, such as other manufacturing fools, may aiso be processed by
apparatus 400. With respect to ion-exchange apparatus 404, copper free
waste 422, resulting from the jon-exchange of a copper bearing rinsewater
stream, Is transferred from the waste source to the waste tank 450. Copper
free waste 422 may be completely free of copper ions, although it should be
understood that copper free waste 422 may contain a small concentration of
copper ions. Waste tank 450 may be any type of fluid container, collection
vessel or conduit.

A reducing agent 402 may be added to waste tank 450 to neutralize
oxidizers present in copper free waste 422, To the extent understood by the



understood that waste tank 350 nmay be any type of fluid container,
collection vessel or conduit. Additionally, other copper frggunasbe to be
di sposed of, such as from non-copper CVP 344 or other sources, may be sent
to' waste wank4889 for treatnment or processing. Since thecReReszdree
waste 322 and effluent from ot her sour g¢gs may have | ow pH and oxi di zers
such as H202, it is desirable to adjust the pH and ORP of the copper free

waste 322 in 350 so t osal equi rement s, al | owi ng
efficient di sﬁ%@}ﬂmyo?kal dhiémtaé‘aégﬁ:’d??@ﬁ“ %Vc ?HP?\%%?/S‘QFﬂ'etﬂg&thﬂPBn in
wast e tank 356f pdeding agbyt 4%@&1@&@&1@@@!&6@&0@&?& a@éiette@RRhe

adj ust nent 352 articular, pH nonitor 306 may be used

to nonitor t h@dHPP‘iWaSEEO%%@M‘W updgigees agsyeisy WS@ {R/Rk mIseessy¥oni t or

306 may si gnawhich -sppm@bwhard@m@%s@r re¥6isd asﬂnu&.;eogyétémo éebg hank 350
as necessary to adjust . th pH of cop free waste to a target pH.
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di sposed of, @ambr@@s 484 wddﬂl%g tlnai hewaevidg Bpaceks te lavid pingfing doyeths, an
alternative t TR n as an
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PCTI USQ / 001 7andfackiach tas (Dsrnonles ,017600 Shadowrdgec Hamg &/istapaCAt g2088:cor di ng
td the prese Y% S t.0 non ¢ er .CMP_tools t her
sources of co%lteé'h& @'}ééﬁ%@gﬁ& '}95\’ P?’&ﬁ %\tFl,er %gaPém%“%Be%ﬁ?%%egt he
recycl i Rg of fﬂau?wﬁhﬂigh sdids in thepeed streambegth wmmb m%mﬁfaﬁ?eﬁ by thel g
i on- exchange net t vention. The_recycle
water can be reuse Pﬁ%&g’éﬁ% ‘t@o’ls %?{éfarp?%frﬁg Wéﬁ[ﬂ“g s 9109 Rfdesses.
|t shoul d be 4gxdeTisd mdsmbawoaam@t,@rlﬂaeﬁﬁfb rauss WRicH Tt w@@e&éeri nse
streans from a | ven ' rom sever al

b ol ?3,"pl } of use” OJ% devi ce
t ool s-such aSofi %-é“% Fsg-‘"Qg_oa ra‘"]'oﬁép idsrepqugl i 'Squ Wmholeverosueh a8 a
“facilities-"pdRebceordiiiaes, MBERAD 1SasB498 fhay be sent to a “facilities” solids

removal system 497, which may receive solid-bearing wastes from other
systems as well. The first stage R/O permeate 498 is then preferably sent
through the second stage R/O 495. The second stage R/O reject 498 is
preferably returned to waste tank 450, and the second stage R/O permeate
499 is then preferably sent through an organic destruct UV lamp 409 and
tf)en a vacuum degasser 411 for frace organics removal. Any lost volume of
water from the R/O reject can be made up by adding ultrapure water 412,
such as from the fab de-ionized water line, to the second stage R/O
permeate 499 prior to sending second stage R/O permeate 499 through
organic destruct UV lamp 409.

After the UV/Vacuum degasification step 470, punﬂed water 408 is
preferably sent to electro-deonizaiion (EDI) system 406, which exchanges
unwanted saline ions by exchanging them for either hydrogen or hydroxyl
ions. Exemplary EDI units for use with the present invention are
manufactured by Electropure, in Laguna Hills, CA. The ED! waste 407 is



conbined and treated in a central |ocation. The use of apparatus 400 with

t he ion-exchange nethod and apparatus of the present inventi®gulprouides an
advantage in that solids renoved and concentrated by apparatus 400 do not
contai n coppad oi@dsket heref ore can be di sposed of as non-hagafgayseMast e.

Wth respect to copper bearing regeneraﬂé waste resulting fromt%e I on-
exchange, it nmay be desirable to send t regenerant waste from sever al

| ud] t dI | , to a facilities
o o6t rowi nni nEERPITBRS B E L. T eI 8 can be
| abor i nt en~ pef@ablyi pEished No t18e3 Wﬁﬁrﬁfc)fn ?é’@?ﬁﬂltf”%\'iﬁter B s adanS 400

i ncl udes vvastﬁlésnk 450 in fluid communication with a rinse stream source,
such as an io PHU gwates i san dhem banraeyrledally betusing |ibforofeusadnt i cal to

the appar at usn@‘nuﬂcgyh@%nd?@hgrﬁgcéysega - 3d. It should be understood that
rinse streans fromothér sources, such as other manufacturing tools, may

al so' be processed /bysholshdeatndersivod Mﬁhﬁesqﬁé@lﬂt inyentien exonternglaieappar at us
404, copper f{&@iioh8ShiP i€ ZabdvBsidsks Eg&?faﬁlﬁe %lﬁ:ﬂ Sécwf%f&%né)f%atpg()pper
err rom

bearing rinsewater stream 1S trans e sourc
wast e tank 458slectigppand placersenieficomrmentty Ibhepariioyarethel greﬁerﬁenmﬁntlonpper

I ons, althoug t

contain a snap?dt %gérr]gt glgpfe o%'%gg '@%%ﬁ@?’raf@n@%@@i‘{d@ {"g‘%l?%gnéﬁﬁe any
type of flui dcmpmrmrm@selecmldl fromitba rednsg:lagent 402 dRIO prdvese digs; EDlagent
402 may be ad neut z oxidi,zers esent in
copper free mg@?gb@%&ﬁlﬁetvﬁager 4?% Lﬁ\? B@C%%GEQ%E*‘%E'Eﬁéﬂlfm

01/ 49389 PCTI 48011 0axiots cohﬂmmtmneahdlofd@rkj I I ed artisan, an ORP nonitor may
be used to signal fhe, additi

P of ducin 02I when an
oxi dati on-reducti dif FBPEHt NaloHE @ettg‘étfgﬁseq‘frfg"em@&u@éa GRALRTEPIAIRS &hen
under goes a rsymraefoosmmg ¢dppeY Waﬁﬁg%aét% in WairGduldrs the eb@hpry a

doubl e pass rev sSnps /Stem, there renove organi cs and
di ssol ved sal ?3? gﬂﬁt'@f@@aﬁ%ﬁnsqwaferhﬁ[ﬁ% %”m%ﬁa@r%’-t%‘&faﬁméwpthat

both singl e awpdl,MHidH ;ssé[?é)‘ﬁtl\@ {0 P ogﬂéséﬁéelabéariﬁf‘q)ﬂﬁ@mté’ﬁ Sfbany 5480 Pr esent
I nvention. Ap aratus 400 referabld% I nclude a rst stage RIO 494 and a

second stage # ®ugxchafge Apnamiieddd ageording to the present invention. _ on-
exchange apparatus 514 is operative to provide a copper bearing regenerant

waste 516 and a copper free waste 518. Copper bearing regenerant waste
516 may be sent for copper recovery to an optional electrowinning cell 520,
such as a “facilities” electrowinning cell or an electrowinning cell as disclosed
in Application Serial No. 09/322,745, filed May 28, 1999, entitled
.Electrowinning Cell Incorporating Metal lon Filtration Apparatus, It should be
understood that other methods for disposing of or recovering copper from
copper bearing waste 516 are also contemplated by the present invention.
Copper free waste 518 is optionally sent to a waste treatment/processing
apparatus 522, such as that according to the present invention as described
with reference to Figures 4 and 5. Again, it should be understood that other
methods for treating and/or disposing of copper free waste 518 are
contemplated by the present invention.

Accordingly, the present invention has been described with some
degree of particularity directed to the exemplary embodiments of the present
invention. 1t should be appreciated, though, that the present invention is



menbranes 494' and 495' that have w de spacers to avoid plugging by the
solids. Exenplary nenbranes are Desal TM proprietary nenbrane2pugdeoss

manuf actured by Osnonics, 760 Shadowridge Dr., Vista, CA 92083.

Al ternati velwo ofrdassoRlI O stages may utilize other types of peFe§RIessadapt ed
for use with high solids in the seed st ,gam such as ceram c nenbranes. The
reduced waste 460 is preferably first sent through first stage RIO 494.

The first stagee. i r retentate, 496, whjch,contains copper free
solids, may 5 B81Ed bl Ghe Toyiothe [ TG %‘%”SF’BWE\)BW\&FJ%OFéla%iH“QH,a”hé‘O\éB%‘r, such
as by local owdificaticesor ¢Hanglé Paydjeantdd BbtharxelPiE Bbodintents afitel ti es”
solids renova| sxﬁéfn1§97 .*picg nqﬁ r?ceive sol 1 d-bearing wastes from
other systent & ventigh, withopts depariing fierblhse inventive gorcanis caBiaiNgdef er abl v
sent throughhékin.second stage RI O 495. The second stage RIO reject 498 is
preferably returned to waste tank 450, and the second stage RI O perneate
499 is then preferably sent through an organic destruct WV | anp 409 and

t hen a vacuum degasser 411 for trace organics renoval. Any |ost vol une of
water fromthe RIO reject can be nmade up by adding ultrapure water 412,
such as fromthe fab de-ionized water line, to the second stage RI O
pernmeate 499 prior to sending second stage R O perneate 499 through

organi ¢ destruct UV |l anp 409. After the UV/ Vacuum degasification step 470,
purified water 408 is preferably sent to el ectro-deonization (EDI) system
406, which exchanges unwanted saline ions by exchanging themfor either
hydr ogen or hydroxyl ions. Exenplary EDI units for use wth the present
invention are manufactured by Electropure, in Laguna Hills, CA The ED
waste 407 is 2 July 2004 WO 01/49389 PCTIUSO /00174 19 preferably returned
to waste tank 450. The resulting high purity water 414 is preferably
polished to 18.3 neg-ohmcmresistivity water by ED cell 406. High purity
wat er 414 can then be recycled by returning it for reuse in nanufacturing
and ot her processes. It should be understood that the present invention
contenplates variations on the above-descri bed apparatus, such as"
variations in the selection and placenent of conponents. In particular,
the present invention



contenpl at es waste processi ng apparatus that include one or nore of the
conmponents sel ected fromthe reduci ng agent 402, Rl O process24Qy,20B80 unit
406, ultrapure water 412, W |anp 409, 2znd vacuum degasi fication unit 411,
in various conbi nations and orders. hown in Figure 6, the present
invention also contenplates a systemfor treating copper bearing waste. In
parti culdaimgine exenpl ary system 500 includes a rinsewater stream source
510, such as a copper CWP tool, which is operative to provide copper
bearing rinsewater stream 512 to an ion-exchange apparatus 514 according
to the presedtMeihedienssipctiyeinrereqdnmmgtal ighs of interestsiiom a solyien, zompeising
provide cBnaefirs sOBRSH EhtdiREg %ftcﬁgértlcﬂég%é?oﬁégggﬁgemaa RSt anrcgﬁtré%ﬁto?
518. Copper bearing regenerant ent recovery
to an offtq Bwelal idnsakith avianexehpnge|resi st is s&mﬂ’iarasto &fan’faaelhylthe @gldlzmg agent
el ectro e I ion
e o] \gga rlgéglglstgJe}atﬁé \?H‘élnein E&rfté’ééf‘svﬂmlggg&ﬁuttonaﬁ) &gﬁghﬁ ggle?fggm dr?%gndfct@%
| ncor poratalignavis tie saliion fpx $%l€¢f©¢h pp@fpae@wqm‘ thereby Ho pretiuse a treated §Dtubdnt hat
other mpb(AgS §Qondl 2RESHE onof‘?ﬁe h‘f‘éﬁ Vighd Bkt GO RRIRS t?c'nérpme ﬁ%OB&{ceRfréf drl'9
waste 516 are al so contenpl ated e present invention.
wast e 5yderain sgid ignaxchangsntesino baadvagtnl@tamedan rfemesip beeds @pn@meapupaa acsis
522, su Hehah h
ot er once Ly ety O URFRE o Ssh el EnP WRERIG e MED ! o O3S Sbeifienth by

net hods PR&FING theatalWigndn @naip-inve gtﬁ@@tﬁg tfougl spig resinaesorl dhereby & expand the
cont enpladiededy the present invention. Accordingly, the present invention
has been described with sone degree of particularity directed to the
exenpl ary enbodi nents of the present invention. It should be appreciated,
t hough, ot hat at 0
PCTI USOI ] ooﬁﬁ%%géﬁig'&)bw%hﬁqQ"@%ﬁ%@ﬁéﬁ%”%ﬁsﬁﬁz’éﬁ&es NaYhe 2t t he
prior apizegistiygon Ofﬁ.’i@qu(??a'mi%@fsto(ﬂ"@ﬁmfg@s may be made to the exerrpl ary
enbodi nents of the present invention w thout depart| ng fromthe inventive

concepts contained herein. 2 July 2004 21
3. A method according to claim 1 wherein the solution is wastewater from a chemical

mechanical polishing process.

4. A method according to claim 1 wherein the metal ions of interest are copper ions.
5. A method according to claim 1 wherein the resin bed is expanded by 10% to 60%.
6. A method according to claim 1 wherein said ion-exchange resin is a crosslinked poly

vinylpyridine resin.

7. A method according to claim 6 wherein said ion-exchange resin is selected from the
group consisting of Reillex 402 and Reillex 425 resins.



Clainms: 1. A method for selectively renoving netal ions of interest froma
solution, conprising contacting a solution containing solid2paftdoohes, an
oxi di zing agent and a first concentration of the nmetal ions with an

i onexchange resin that is resistant tozaarrage by the oxidizing agent and
that is operative when in contact with the solution to exchange sel ected
ones of & he Ametiodiasosrding to kiains dlintludimg therstegebfamnedting tHedon-efdchamas rédier eby

d LUt i . i i . Of I
g ¢ ndith & rddefiBteR p30UdH, b6ap B At Bndi PR dnS8MRE M etdl idhs e FidfERtan e
resi n beaofginedrin #ienied-exohangeassin, thesty to dorivaa negerierars wassd soluticescatitaihingr eby

to defi i d. wherein the step of contacting is acconplished
35%6] o R RalEPra e

by passing € SO up-flow direction through said resin vessel
thereby to expand the resin bed. 2. A nethod according to claim1l wherein

0. 02" mi £t on (16t eH 2aefoh o BADS B Tt ool Shends fe e BPevn tho

sol ut i otthe group sbesistingrof Bin anidasotitiomand la basesblatibg.al pol i shing process. 4. A
met hod according to claim1l wherein the netal ions.of interest are copper
ions. 5. A nmethod according to claim1 wherein the resin bed is expanded
by 10% t10. 60% méthod acedrting tactaind agetan shidianidlsohtien €3 sulfeifit dcidaimdexchange

resin i l,i oly_ . vinylpyridine resin. 7. A method according to
clai m 6%‘%59?@?%8%%%&8 Qne'é@ﬁ%ﬁﬁurﬁ@?rﬁ’xﬁ?' selected fromthe group
consisting of Reillex 402 and Reillex 425 resins. 2 July 2004 22 8. A

met hod cordli claim 1 inclyding the step of .contacting the

i on- excﬁg'ngeg\r@gﬁhﬁg aﬁﬂrﬂmg%? e"gall,fﬁéé? &’ng R trF%%edﬁrétr“éﬁ%E‘?/\%o'P@qHﬁ@ﬁﬁ?@e i ons
t her ei ntd en dldutromirntrirlg celhthadis operathesto redaoe ahe esktalnohd € itteir exredspbading

resin, orm a regenerant waste solution containing a salt of
t he net %{éﬁ?eg‘gés’whfetélhterest. 9. A nethod according to claim8 wherein the

regenerant solution is selected from the group consisting of an acid

sol uti og,and lytion. 10.. A neth acgcor.din o claim9 wherein
sai d aciqa’ sofb‘%?@ﬁgﬁg&s@b? gor e H‘“Eﬁ&‘g(\aﬁéfe&%cgaﬁgaé%@s IUEPXAERES i s
amoni unedinyditioz fided rindd solétionethbretyy 4z fromdi segohd rinkasstuionaher ei n t he
regenerant waste solution is passed to an electrowinning cell that is

operative to reduce the netal ions to their corresponding elenentary
netal . 13. A method according to claim 12 wherein the first rinse solution is de-ionized

water,

14. A method according to claim 12 wherein the second rinse solution is passed to

a regenerant source vessel, and including the step of adding a regenerant concentrate to
the second rinse solution in the regenerant source vessel thereby to form the regenerant
solution in the regenerant source vessel.

156. A method according to claim 1 wherein said second concentration of metal ionsis
substantially zero.

16. A method according to claim 1 including the steps of adjusting the pH and
oxidation-reduction potential of said treated solution.

17. A method according to claim 1 including the step of filtering the treated solution
by reverse osmosis thereby to produce a retentate and a permeate.



12. A method according to claim8 including the step of contacting the

i on-exchange resin with a first rinse solution thereby to fpymy@osgcond
rinse solution. 13. A nethod according_to claim12 wherein the first rinse
solution is de-ionized water. 14. A nBfhod according to claim 12 wherein
the second rinse solution is passed to a regenerant source vessel, and-.

i ncl udi 4§ t hé wetbpd atcardidgiy deimetie reiuing the stedfragiiimgtaoredubiag sgenirtd thé nse

sol uti o .i . vessel thereby to formthe regenerant

sol uti o{r}e%ﬂr%d{sﬁ@t'{)@ggﬁgég{rgStégﬁf@g@”\}j ssel . 15. A nethod according to claim1l
wherein said second concentration of netal ionsis substantially zero. 16.
A net hodgqaccqr.di aj L NGludi ng. t steps.of .adjusting.the pH and
oxi dat i g% r e%u@%tﬂg%gg%#@ﬁb :Egaljdatl)'ﬂcls? aﬁ’am‘?l“ggﬁ%ﬁe& (S)I? B??SW%?'PGK"%%? hod

accor di tigough ari eleciratdeingizatdinraystelhe step of filtering the treated solution
by reverse osnosis thereby to produce a retentate and a perneate. 2 July
2004 23 18 A nethod according to claim 17 including the step of adding a

r educi ng0.ageAtmetbod becording & ethira di7uinclidingrthestep @f passirgf tap pefméatet eri ng. 19.

A net ho%rgﬂ; Oéé%C%%F?%gé%ﬁ‘f%ﬂ’i‘gg%%di ng the step of passing the perneate

t hrough an ectro- Vm "20. A method accor di ng to claim17
i ncluding the step of passing the perneate through a Uv/vacuum

d i fheati ] t X j t laim 17 ipcludi t h
st op.of ZHdct AgePFerthna sihe: 06385 Be Hsprisreflsd et B e eeifoi ng
Metal ions of interest froma solution, conprising contacting a solution

t ai ni t i .and 1dizi. t W.th i - h
Fosi n piror fandaftorsBRE R BRMEG WREl T SR e Llbeh S0l ESRRRERE,
sai d i oserdadtingregsoiuticesiontaining de wetah forsandaaragddibing tahentoxitrdar iomge epange and
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th I d.i A di t l,.ai m 22 i
the sol aith BLSleBRAEE IR s if Eb0fion B SBEPISPrERrEn BB SHLERED of
cont act $aig iarhexchahge resin isi ndi aparalive do-essienge gayraghinum2iénd\ imtiehadut@ador di ng
to cl ai me%%le%ﬁ!a@réaii&si on-exchange resin is a crosslinked poly

sin. )

vinyl pyridiner

23. A methed, according to claim 22 wherein the solution is not contacted with activated
carbon prior to the step of contacting the solution with said ion-exchange resin.

24 A method according to claim 23 wherein said ion-exchange resin is a crosslinked
poly vinylpyridine resin.

25. A method for selectively removing metal ions of interest from a solution containing the
" metal ions, solid particles and an oxidizing agent without removing the solid particles and
oxidizing agent from the solution, comprising passing the solution in an up flow direction
through an ion-exchange resin vessel wherein containing an ion-exchange resin that is
resistant to damage by the oxidizing agent and that is operative when in contact with the
solution to exchange the metal ions in the solution for selected preferred



25. A nethod for selectively renoving netal ions of interest froma
solution containing the netal ions, solid particles and an Dyildi2aofg agent
wi t hout renmoving the solid particles and oxidizing agent fromthe

sol ution, conprising passing the solut®n in an up flow direction through
an ion-exchange resin vessel wherein containing an ion-exchange resin that
is resicsatieraby tdepradieceby tebtedosdldioni coptainiegtthausdlid patticies anaethat oxidizingien
in cont%@%nyjth the solution to exchange the netal ions in the solution
for seleCted preferred 2 July 2004 24 ions thereby to produce a treated
solution containing the solid particles and the oxidizing agent. 26. A
met hod cordgj I L,ein the metal .ions.of interest are copper
o5 and 25aner b Sk g ads oI Z8 hetrlf 1REMlat |88 3 Phiered ificppoet s &8

vi nyl pymihéreir said icresochangerasesis a. cr@ssliniednmdhidypgitinedbngxtimngb akbsm.26
wherein the solution containing the netal ions includes alum numions and
wherein said contains the alum numions. 28. An apparatus for selectively
removi ng7net & nmeths! atcdrding rtestiaifr @ wherelnuthieosolaiiunt gbmtainthg & Meidli iBha1g

t ' f.the netal i.ons, conprising: "an inlet
2dapt cattfe gublindRiGE bR Spid AeuPBo fin HALGUREE: (1) “a rebin vessel
in fluid comrunication with said inlet and adapted to receive the solution
t her ef 1.Qn- in di d ' in. |, .
wnor o n 285 o oAbl Y SIPA0RY PRl rifE it o iaRal b wlebB krangy
aant aad oxislizingeagent aed mﬁes;h cpmnemrpﬁmdr:]f tine tr{eteti IWSS::.tIrumrisn'lrg: K? agwﬁfﬁa?mtecé
sel ecte . s in the,solution for. cted preferr,
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of the paitanlei anbadaphed tosrebeive thet swhutionttherefrosit (©@nceniexelidngs regin dispbséd
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comuni eagnt@Endvis tdpesdivel whesiin coplaselvitiatie sclpiiorato sxechtings etlectsd oy apitiee/i de
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met al  havisg efsecond cementrativnadfibe netaltibes than exiotvan thanrthsifirst cobesrtlagioni:aa f or m
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vessel aeldticrdthptefiont; ¢e e mgeneranhsureginribicdedsmmasitatiohokitit sad redimesstlr amg  and
: 1L.S1 | I lated. with a.
e a1 eRENR T SEIGERTEN bROE et 4 rebaelint SR ARE I Pt i,
sai d r esdmactedibehe iadxthanggmsirtarexchomgedensindhes edgénéians solativh feethentdetal
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thr oughmggIIgril nI{(:"eS'It IIIO?II?III(?ISI;III @gﬁéﬁ?@gégpexgéss\s{@théﬁﬁgﬁﬁrfgﬁég tgéjﬁethjaIangIals%wJ uly
2004 solution containing a salt of the metal ions of interest; (f) a second outlet in fluid
communication with said resin vessel and adapted to receive the regenerant waste solution
therefrom; and (g) a valve system comprising a plurality of valves associated with a plurality
of fluid pathways interconnecting selected ones of said inlet, said resin vessel, said
regenerant source and said first and second outlets, whereby in a first state said valve

system permits fluid flow through said inlet, through said resin vessel and through said first



25 outlet thereby to define a first fluid pathway, and in a second state
said valve systempermts fluid flow fromsaid regenerant souug@oothrough
said resin vessel and through said second outlet thereby to define a
second fluid pathway. 29. An apparatus 28ccor di ng to claim28 wherein said
second outlet is adapted to be placed in fluid communication with an

el ect r owuhefithereby td d%t"m & firshiluiy patbwalicanceigensecand stateisaie valok system penmitet o.
30. An a ' I in fluid
cormuni 48, Al Heme EEQ TR SR BT IR, a9 55 BOHEE Saleerotd
sol uti onutlﬁéh@ebytoadﬂiinmae&eennd ﬁl@td@athmdyve systemincludes a third state
wher eby said val ve systempermts fluid flowfromsaid rinse source,

t hrough said resin vessel and to said regenerant source thereby to define a
third fl128.d patdpparatussaccortingispalain 28 witereindiaithsdcond bailehiL8dapted todieng a
reservo t d n,f.raoms rst _outlet,
and i nC'ro[agéﬁj%‘? fﬁ%{:ﬁ%mﬁ (;E;ra H@pmt?@el%%gr%ﬁ&qﬁo%” 2 t%fprové%f g'we[ F%%ﬁngffntt

sol ut i owaste mt@nrﬂ&aretwm r and an oxidation-reducti | on potential nonitor
operative to nonitor an oxidation-reduction potential of said treated
solution in said reservoir, and including an acid source, a base source
and a re’iﬂaci Ay spperatusacnooiting e biainm 28Iiubldd1ngammaisoa'fcédmﬂmd tomswinitation

reservo 1 e of el i gnal in

ai d acrin SREFER EReh RIS o clofd 3 o Bl i P vel
to sai dvalrvewstem incluties eltiird otade Wwhiereby doid galve jsbtefn maimtts ﬁluﬂaﬂcﬁdfreml sHid on
in said Lr ' 4 reduction potent nitor
o capall's® Spuigky ol SAFFER velR 2n81h SRl GUEHEENELuRE: SR & oelcr ng
agent t thirslfluét ]Daib‘aawm r thereby to attain a target oxidationreduction
potential of said treated solution in said reservoir. 32. An apparatus
according to claim31 wherein said reservoir is in fluid conmunication

with a s¥wer Asrappatatspascatdingtot olajmn 86 ideuding d@ reseratieadsptddibireceitehsaiet 0. 33.

A . : . :
cai "t Fea sBRAH HoRCs it BB Ahd RGLA B ol bRl RE el B
agent saaifldeeatad sdlufion in ceidnenevalr iand ani ¢xlidatiandeduesion ‘potemtlain'domtmeme:laﬁee to

d fluid
Communt oo pf o Eh L RENEH Bordhuaf 1 EEATIPREP SUBUHT I S8, Bphitint ane
sol ut i oimcludinge 2n oagidrabunjseraithase saurée Ietrdr asmddcing eagentl soolkast ieach tibeftuidy t o

fegasi 1 Paritnleatild btk oy RRERR, TRy sBE TR Euid 5 BB B snlservoy
devi ce aignaliig=asicbacid soyree ang saiddiage peuncede providerasit and lzasd regpectivdly o said
reservoir thereby to attain a target pH of said treated solution in said reservoir, and whereby
said oxidation-reduction potential monitor is capable of signaling said reducing agent source
to provide a reducing agent to said reservoir thereby to attain a target oxidationreduction

potential of said treated solution in said reservoir.

32.  An apparatus according to claim 31 wherein said reservoir is in fluid communication
with a sewer and is operative o provide said treated solution thereto.

33.  Anapparatus according to claim 28 including a reservoir adapted to receive said

treated solution from said first outlet, and including a reducing agent source in fluid
communication with said reservoir and operative to provide a reducing agent thereto, a
reverse-osmosis device in fluid communication with said reservoir and adapted to receive

said treated solution therefrom and operative to filter said treated solution thereby to produce



to renove organic materials present in said perneate thereby to produce
purified water, and an electro-deionization unit in fluid coguymogation
with said UV/ vacuum degasification unit and adapted to receive said
purified water therefrom and operati ve?fo exchange saline ions present in
said purified water for ions selected fromthe group consisting of hydrogen
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(a) an inytrxyl icmkibersthy toprodoes kigh phetysatert i on from a sol uti on source; (b) a
first resin vessel in fluid comunication with said inlet and adapted to
receive the solution therefrom (c) a first ion- exchange resin disposed in
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I on-exchange resin disposed in said second resin vessel, wherein said

second ion-exchange resin is resistant to damage by the oxidi zi ng agent
and i s 8per athinappatatus fonseectivalytrembtihg nfeal Sersudfiimtaresbfroraacdudution coatairditged
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disposed in said second resin vessel, wherein said second ion-exchange resin is resistant to
damage by the oxidizing agent and is operative when in contact with the solution to
exchange selected ones of the metal ions in the solution for selected preferred ions thereby
to produce a freated solution. having a second concentration of the metal ions that is lower
than the first concentration; (f) a first outlet in fluid communication with said first resin vessel
and said second resin vessel and adapted to selectively receive the treated solution
therefrom; (g) a regenerant source in fluid communication with said first resin vessel and said
second resin vessel and operative to selectively provide thereto a regenerant solution that is
operative when in contact with the first and second ion-exchange resin respectively to
exchange ions in the regenerant solution for the metal ions of interest contained in the first
and second ion-exchange resin fespectiveiy, thereby to form a regenerant waste solution



said first resin vessel and said second resin vessel and adapted to

sel ectively receive the regenerant waste solution therefronpJjagdobs) a
val ve system conprising a plurality of valves associated with a plurality
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regenerant -source operatl 0 °provide a regenera
operative when in contact with the 2 July 2004 28 ion- exchange re5|n to
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an oxidizing agent and a first concentration of the metal ions, comprising: (a) a solution
source operative to provide the solution containing the solid particles, the oxidizing agent and
the first concentration of the metal ions; (b) an ion-exchange apparatus in fluid
communication with the solution source and operative to receive the solution therefrom,
wherein the ion-exchange apparatus includes an ion-exchange resin that is resistant to
damage by the oxidizing agent and that is operative when in contact with the solution to
exchange selected ones of the metal ions in the solution for selected preferred ions thereby
to produce a treated solution having a second concentration of the metal ions that is lower
than the first concentration, and wherein the ion-exchange apparatus includes a regenerant

source operative to provide a regenerant solution that is operative when in contact with the



contained in the ionexchange resin, thereby to forma regenerant waste
solution containing a salt of the netal ions of interest; apduly@boan

el ectrowinning cell in fluid conmmuni caé' on with said ion-exchange
apparatus and adapted to receive the r gener ant waste solution therefrom
wherein said electrow nning cell is operative to recover the netal ions of
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cont am nants fromsaid treated solution thereby to produ puri

wat er. Bwtalp system according to claim37 including a waste processing
apparatus in fluid comunication with said ion-exchange apparatus and
adapted to receive said treated solution therefrom wherein said waste
processidfy apypasteniacqosdiog ier alﬁlméﬁIGCIEldJ]'IglQtW@tQ)HOmSSIMRPamtaatr‘e'ﬂmtoI ution
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of said treated solution to a tar et oxI dation-re
solution therefrom, wherein said waste processing apparatus mcludes at least one device

selected from the group consisting of a reverse-osmosis device, a UV/vacuum degasification
device and an electro-deionization device, wherein said waste processing apparatus is
operative to remove contaminants from said treated solution thereby to produce high purity
water.

39. A system according to claim 37 including a waste processing apparatus in fluid
communication with said ion-exchange apparatus and adapted to receive said treated
solution therefrom, wherein said waste processing apparatus is operative to adjust a pH of
said treated solution fo a target pH and is operative to adjust an oxidation-reduction potential
of said treated solution to a target oxidation-reduction potential.





