(12) | NTERNATI ONAL APPLI CATI ON PUBLI SHED UNDER THE PATENT COOPERATI ON
TREATY (PCT) (19) World Intellectual Property Organization International
Bureau (43) International Publication Date 12 July 2001 (12.07.2001) PCT
1111212212121 2a02aeeererrerererrraraaaerrrraiai aazazaaeerererrererrrrend
1111 (10) International Publication Number WO 01/49389 Al (51)

| nt er nat i on@&P MNFERRTIONAL ABRIICATION RUSHIPHENAER THE BT EYRGGORBRATION BRFATY &CE) es
(national): AE, AG AL, AM AT, AU, AZ BA, BB, BG BR, BY, Bz, CA CH,

N (R Xrg)ggld%“ cﬁ,gg&tf%&og@g r i on Nunber: PCT/USO /00174 DE,
E K& K el i
KE, KG KP, KR ‘”ﬁ'&‘al gm0 M ﬁlfl‘l|1||lWﬂlﬂﬂ||ﬁﬂlll|l!lllwallllllllIlﬁlll!lllllﬁlll oy

2001 (03. 01, ‘ﬁﬁé bk VAT MG Inlyma DR N2, PL.

PT, RO RU, SL, TI , UZ,
VN, YU, ZA, ZW ) FlllrzgoLEnguage %ﬁgN: sh (84) y?§g %tes

(regl onal gy m&lﬁlam;m&easm&ﬁakv G\/lnmﬂ?sm osifihd ks lages, BNl NuKS,

MV NZ , Eurg%gnfnaﬁeathwc%c chké@czkz
'VD, RU, Ti]) InTMatlonEHﬁ@ﬂ&ﬁ'ﬁluml{eBO»Cﬁﬁsomol’lky DalbiDK, thﬂ AT GBBE , GE(CH, GT@YTR DE,
DK, ES, FT, FR, GB, OR 1E, 60/174,469 3 J‘é‘hq_h ERE@MQ | T,
LU M N et SE FilidgRpte: OAREry {mt(eamu 2001BF, 4

M., MR NE, SN, TD, TG . (71) Applicant andnz(ﬁ?')z QwermtstVNJAN

Juzer [US?SUS‘}"’»‘!LIME Au- Published: Esglim Hi Il Lane, Chino Hill CA 91709
(US). --- Wth international search reFOI(Sﬂ} Defighdtpd G NréeBhal)\VINIRHD N;cmﬁfrmmhy,
J. et al .%® PASER B 2Rartin, For twWE Tett ek EDHMMARH B Yei. UhBMeinati ons,

refer to(;apgmn&?g P.C., 9250 W 5th Avenu@: it rj@g}éﬁf@g%@ozze
once Note€s’ ginrkssles ansixaﬁh}pfomawo@;sls uappealrrlungxa@mtﬂﬂeﬂhﬁgb AP pakehdSBR, BITUENG  Of
each regul ar issue of the PCT Gazette. (54)Cd{n M GAaNETROBLARDNRARPARATIS FOR

METAL RENOYVAii&¥ abhdON EXCHANGE RECENERANT  SOLUTI ON FEED
{72} Inventor: JANGBARWALA, Juzer [US/US]; 14451 Au- Published:
tumn Hiil Lane, Chino Hiil, CA 91709 (US). ~  With international search report.

{74) Agents: MARTIN, Timothy, J. et al.; Timothy J. Martin, For hwo-letter codes and other abbreviations, refer to the "Guid-
P.C., 9250 W. 5th Avenue, Suite 200, Lakewood, CO 80226  anee Notes on Codes and Abbreviations"” appearing ai the begin-
(US). ning of each regular issue of the PCT Gazette.

(54) Fitle: METHOD AND APPARATUS FOR METAL REMOVAL BY ION EXCHANGE

T
SOURCE
/- 132
REGENERANT
SOLUTION

D A0 OO

)
17 { %we N \1?2

REGENERANT
WASTE | 136

(57) Abstract: The present invention provides a method for selectively removing mectal fons of interest from a solution {12), such
as the wastewater [rom a chemical mechanical pelishing process, The method comprises contacting a solution (12) containing solid
particles, an oxidizing agent and a first concentration of the metal jons with an ion-exchange resin (20), such as a crosslinked poly-4-
vinylpyridine resin, that is resistant to damage by the oxidizing agent and that is operative when in contact with the solution {12) to
exchange selected ones of the metal ions in the solution for selected preferred ions in the ion-exchange resin thereby to produce a
a treated solution (22) having a second concentration of the metal ions that is lower than the first concentration. The present invention
also relates to an apparatus {100) and system (500) for use with the method of the present invention.
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TANK RECENERANT WASTE WASTE CQUTLET (57) Abstract: The present invention
provides a nmethod for selectively renoving netal ions of intggagt2obaom a
solution (12), such as the wastewater froma chem cal mechanical polishing
process. Th&M¥{4Bd conprises contactingg a solution (12) popusimemg solid
particles, an oxidizing agent and a first concentration of the netal ions
with an ion-exchange resin (20), such as a crosslinked poly-4-
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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



particul ar, the wastewater generated fromthe fabrication process contains
copper instead of alum num naking the wastewater toxic. The2pup@ess to
create copper interconnects has the follow ng basic overall steps. First,
copper is elv@ovsopidated in and over the trenches of the peigsiAbes
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method for removing copper present ln industrial wastewater streams, and in
CMP slurry in particular. There is a further need for unigue 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.



CWP slurry in particular. There is a further need for unique materials and
nmet hodol ogi es for abatenent of copper and/or recycling of the wastewater
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apparatus for use with the methods of ghe present invention fop Ljeopgnoval
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an up- rection thr sald resin S
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



thereby to expand the resin bed. It is contenplated that the sol ution
contains solid particles having a size distribution of from0.02 mcron to
0.10 mcron, such as a solution that is the wastewater froma chem cal
nmechani cal poI i shing process. The ion-gxchange resin nmay conpgygi§ 2804
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solution in an up f direction through an ion-exchange resin vesse
removing metal |ons 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



wherein containing an ion-exchange resin that is resistant to damage by the
oxi di zing agent and that is operative when in contact with the solution to
exchange the nmetal ions in the solution for selected preferred ions
thereby to produce a treated solution gontaining the solid pagtyglgssand
the oxidizing agent. In accordance with a fourth aspect of the invention,
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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)



apparatus conprising a plurality of resin vessels and ion-exchange resins
respectively disposed therein, wherein various valve states permt fluid
flow al ong selected fluid pathways. In accordance with the fifth aspect of
the invention, there is provided an apgaratus for selectivelyanggogon9g
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define a thlrd ﬂuad pathway, and permits fluid flow from said regenerant source, through said
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



regenerant source, through said second resin vessel and through said second
outlet thereby to define a second fluid pathway, and in a second state
said valve systempermts fluid flow through said inlet, through said
second resin vessel and through said fgprst outlet ther eby to gdafiy»eoa
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pr esentmslggel%??%ﬁmﬂ?rl%ggﬁeﬁnmN?gadl | y appreciated and understood from
a consideration of the follow ng detail ed description of the exenplary
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acconpanyi ng dr awd

Figure 1b is a diagrammatic view of optional, regeneration and rinse/refill steps of the
method of Figure 13;

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;



i n which. BRI EF DESCRI PTION OF THE DRAW NGS Figure la is a diagramatic
view of the method according to the present invention; Figurgjlp2pgsa

di agrammatic view of optional, regeneration and rinselrefill steps of the
met hod of Fiwuesodsa, Figure 1c is a diagrammtic view of ppElumiesryaste and
regenerant treatnent steps of the net ho?, according to the present

I nvention; Figure Id is a diagrammatic view of optional alternative waste

processi ng steps of. the, nethod. accord{icgq(.to t. he hg)resent i pvention; 2 July

2004 WO 01/ 49389 PC#MEsER o #79iagramiga o 3 bapig et Of @ of a

basi ¢ enbodi nepparafusasccatipgr & dke lr’g_}ﬁ@@érﬁi mgelifor, NhaRSS D lsehive By Eien.
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showi ng a seryice cycle thereof; gure 2b is a diagranmatic vi éw of the
Ko

apparatus acc g to Figure 2a, showing a regeneration cycle thereof;

Figure 2c is a di agiga/ma isCa Mihglﬁn%aﬁ&ﬂeﬁm?%ﬁ@éﬁﬁaraﬁ&%{c‘éb%gtt%_Figﬂxrgures. 2a
and 2b, showng a rinse/refill "cycle thereof; Figure 3a is a diagrammtic
view of a nor €ApHOIENG A degansiionseledherephie present invention, showing a

service cycle of aFhifeStel BSHNi At #.an 0 d resin;
Figure 3b is a di aglrbam‘rgfi C 5i°§3‘?@ﬂﬁ?ﬁi@g%r@ttﬂg %@%%?%Pném%&%ggre 3a,
showi ng a ser VigeEesc3acard 3b, shewirg a gnse/wefifl eveladhereofnsel refil | cycle of the

second resin; Figug Ca.l .gff‘%ﬁ'lm | | f cordi ng
to Figures 3a an?@%‘% %%o%vmgrqua servi é’leegvc?/i\é%% Rr%@ﬁggc%gﬁﬁaﬁﬁrﬁériﬁﬁ&and a
regener at i on H¥\gcpeesent tineerftionstshowiigna Beryioee c@alei of & dirstgresimanidcavi ew of

t he appar at usre%%ﬁglragbﬁgyﬁg,%S%Firsg%'ﬁm%m-- Sc, showi ng a service cycle of

t he second resin an cycle of the first resin; Figure 4 is
a di agrammati c vi evigere. Stnisvedingrammatiodew of thepapEarasisagcoimptioFigtref or use

In treating t@& &%ﬁﬁé af éeereicg'ac%% & f?u%uf‘frg reb n %Hg e{ ﬁlqée/refiil cycle of the
second resin;‘ ‘

Figure 3c is a diagrammatic view of the apparaius according to
Figures 3a and 3b, showing a service cycle of the second resin and a
regeneration cycle of the first resin; _

Figure 3d is a diagrammatic view of the apparatus according to
Figures 3a — 3¢, showing a service cycle of the second resin and a rinsefrefill
cycle of the first resin;

Figure 4 is a diagrammatic view 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



exchange apparatus of the present invention;, Figure 5 is a diagrammtic
view of an alternative enbodiment of a waste treatnent or ppQgRsS®I0ag
apparatus for use in treating the copper free waste produced by the

| on- exchangev@pessat us of the present invention; and Fi gup®r/Bsdiods
di agrammati c view of a copper bearing te treatnent systemaccording to

the present invention. DETAILED DESCRI PTI ON-OF- THE EXEMPLARY ENMBODI MENTS
The present invention is directed to a nmethod and apparatus incorporating
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W th respect t VAl pper. ions  froma soluytion, t present
appl i cation c%ﬁ@e%%f)[ﬁ%gg’ %p’?'{egg'ﬁi %r%’c?tm]o?(?ﬂt?fap!af e?ﬁ"g' torjs W@wﬂgm ution
of various trtesetoval fosm lsektiyn Bkvaictis tARsEbeORheayetalse 1 a, then, the

t invention js direct to thod 10 for, renpvi ng netal such as
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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



copper free waste, 22 resulting fromthe ion-exchange of copper bearing
rinsewater stream 12 with ion-exchange resin 20 nay then be seauok 20042
waste outlet 24 for disposal or further processing. It should be

appreci at edwd diassehi | e treated solution 22 is generally gifgssneds herein
as a "copper free waste", treated solutjon 22 generally includes any
sol ution having a | ower concentration the respective netal ions of

i nterest, such, s I ons, han the concentration thereof in the
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extrenely resistant to at oxI di zing agents, as cd or exanpl e
to conventi onB§caRas rp@SSlblﬁaﬂO anemcweose;bpetkad d@s@dvmﬂhbbbnmaemssanly

thereof are’ vyt SRRNENT CCBRtChRL ISR NOUEL B bPD &hel SHoui es
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Gesi red wi t nobt sfRIEL G oMeRRR GouaR: i RO OYRITOR WP voul d
remove both cdippessedndor ekamplnumn LUSSlH’atenig Nos. 13881, 6@1,05,%’,9,:46? glhgt)?euse
W th the prosoREOTRIeH oA 8t o SBIShAHAY gp BIMBPEC #0 (8edraPent Nos.
5, 281, 63;, S,Maﬁéaremw 5, 539 003 to Horwitz et al., which relate to
phosphoric acid b resins in Figure 1 b, the

xcha
net hod according t e%?‘@"’ P’e‘g'@H’te %me@?f’d 6%@[’{&@ e W@F‘B'&Fé@v‘?i‘ﬂon

regeneration Q)twnallﬁﬁcmﬁs& reh8sdtafidtt bftle 86 ahi® ﬁﬁ%ocyéie 28, e?ﬁé‘gf tdfng
i ncl udes cont acti %%Ha regeRerant sol ution 30, such as an acid | uti on,

provi ded by r'©§ERRALAG ! COaGing R fageneENt SOIUIER 70, sush r@szan acid
- solution, provided by regenerant source 32 with the ion-exchange resin 20.

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 csll. An exemplary electrowinning cell apparatus for use
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



Regenerant solution 30 is selected according to the requirenments of ion-
exchange resin 20, to the extent understood by the ordlnarllszbebgd
artisan. lon-exchange resin 20 is regenerated by contact with regenerant
sol uti on 30woangsspegener ant waste sol ution 34 contai ni ngp€RPHRN0ITPNS 1S
produced thereby. The copper bearing regenerant waste solution 34 is sent
to regenerant waste coIIection 36 for sposal or further processing, such
as by an elegt n cel An exenn ctrowi nning cell aratus
For bisenwi t nAHEoH e ke’ T Jomtife TERaherRCy, sSLBR | A Ba i oBRENT No.
09/ 322, 745, éwdmmhdﬁaﬂébmthbaﬂs entitled El ectrow nning Cell Incorporatlng

Metal lon Filtrat The cle 28 includes contacting
i on- exchange resi h@ﬁﬁ }Lg‘%rPn@ea%%I“Etﬁl?n 100; i theaRregent ipuention wat er |

provi ded by Hnﬁ?eopt%tfaﬂ? ﬁ\@ludeAHYWhQ&e%ﬂﬂafégeﬁ@+éhtt'@é’at??%nf%”-#@gor' n resin
vessel 18 is ri nsed therefrom by rinse solution 38 to form regenerant
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fromre ener ste coll ect
g abe fuvll{%er processe suc g\ ctrownnn%ng cell 586.

With reference to Flgure 1d, an alternative waste processing s:tep 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



be further processed such as by electrownning cell 56. Wth reference to
Figure 1 d, an alternative waste processing step 48 includeg jgpdoag
copper free waste 22 froman ion- exchange apparatus 58, such as provided
in the presavaoiassenti on, to a waste tank 50. A reduci ng pegestiesey be
added to waste tank 50, such as by noni t@ri ng ORP with an ORP nonitor .and
signaling a purrp to punp a redum ng agent into vvaste tank 5Q when an
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apparatus 100 according to the present 1nve own in gures 2a -
2c. Here, appatht (@simyessehcliGddeoerasant2 sowee wseal ¥82,0linsm380rce 140,
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stream 112, resin vessel avi ng I on-exchange resin

therein, r egeh!éﬁ@mﬂwt tmwﬂuch/@s@ﬁpteldsm teaeivaq ﬂmgestreamnthnpsm VdaranﬁiBO
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wast e outl et her'e” shown as a c¢onfal ner ad
waste 122, an@aere'@em’@rmp fiwddhrughlcoaduit v72 286 aopw stalewehéreinteg due

regener ant e e k 1 8, LE nt sour ce
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col | ection 13disposedfinuathidyit darect aé operathenauinbvd Batweun am[dséd@tfeﬁﬁt ed to
receive a flu a P, s, 174 and, 176 are dis in conduit 172, and
each have an %%Vérﬁtk@eﬂmeﬁgy iEVOH% ang ap PRk SFB?B pﬂ'ﬁi‘}"'?q L?}P@ %lq’i‘f‘ough
conduit 172 aihdrediwoagih. st at e \/\herel n they do not punp fluid. Valves 178,

180, 182, 184, 18 188, 189 angd 190 are gosed In conduit 172 and are
operative to move B%Lfr\?e%?u ouis, dsglivgleecyce for apparatus 100. Here, 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



preventing fluid flow therethrough and an open state allowing fluid flow
theret hrough. Figure 2a shows the service cycle for apparatus jif@oollere, Cu
bearing rinsewater stream 112 is punped fromfeed tank 114 by punp 174 in
preferably w0 wupbisow direction through resin vessel 118. peyusxehigage resin
120 accordingly expands, or fluidizes, gs a result of the upflowdirection
of travel of stream 112. Preferably the bed of ion exchange resin 120
expands appr Qxi % . al thoug f expansion qof 10% - 60%i s
cont enpl at ed. 8@?@1@%@&%&? ot %C"gr?ér? gm%}’%y t‘gﬁ@a‘?‘%ﬁﬁll ﬁ?%&“%ﬁ?es are
closed. Cu beamimmiurh rinevatids, istpwﬁpiédlf’ramf tegoReialit @ugiter RitsEl Y83 sal 118
where it undelflgoe I.on eXCheﬁ]gﬁ I on exahange resin 120 such that
copper ions a O‘ii'btrﬁﬁ:"@dv%?ﬁ wexw 3rﬁgét HBEPIgogs donexphange milh elst e 122,
whi ch may congritiangétrebia P20, tBeRBPPE! prodikss ré%nbi‘h?ﬁ W@qggtlféd?ﬁ@lﬁlﬁg' n.
vessel 118 to waste o 124 ere it m treated or process

desired, and c%?F{er‘iéﬁtd*E?)(S’é’Bﬁerﬁfa“@P ?%Wﬂlaédraﬁ%oﬁH@Nﬁh'miﬁﬁd?%ml‘fﬁgseﬂrocess
Wien i on- exchefgeof esddhetaft sQuidn fb! |sCﬁrfé?§rhl§i% ﬁ;uﬁ@@pﬁcol'd?r‘fbg ﬁ%e

regeneration cycle begins as shown in Figure val ves 8 and 180
are closed an 'Hi?ﬁﬁatiqu@g?ﬂﬁfﬁéﬁwé?ﬂﬁ3¢ aié%dqmd 184 186 and 189 are

d d 17 I 0, I 2
oy 5004 v Dh 203 U ARAnS o SopAPhal bobf HobRltakila BRELRIAR ¥ 20 7,

or alternativeegng amskownlinfiguwe fochHers, valreniiBarandy tBharalelpséd apdnped
fromregener éﬁ@n n s ere it
under goes |o%§%§%§n%ﬁgﬁgl ggbﬂgﬂ%éu@ési ﬁ's‘ﬁ}&[ﬂec‘t@ir wégsgl%gﬁduce
regener ant wa$3® ma\dd@d)hvainae isgurcecidie passeistihroligk resincesseldtiBda nnae wel | as
rate of flow , [ en ant sol.ution S
pref erably ad%{'}; fé“%{lmh nﬁggﬁosoé%é%%ggﬁé%rﬁﬁg%i gogierant Jingg S 'OWast e 134
that is desir®R ﬂ@mﬁowertoevegbaaget sesice i28eh$32, beherer mnerram gilsea rinse
cycle begins 14 G Here. val ves e cl osed
and val ves 188 Et?orp P%ag?yg %é%ﬁ%dd% ﬁ@%ﬁgetﬁrgnﬁggym%%) G‘f‘gh 4% nse
sol ution - 138hy @ddingdechdaniraists eegenurae 1620 préfef®Bs chhitsHigied esidn tessel
11,8 to rinse
regenerant source vessel 132 until a desired regeneration concentration of
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 summatized in Table 1 below:



any remai ni ng regenerant solution 130 therefrom Regenerant
142 then flows to regenerant source vessel
solution 142 may be recycled to forma new regenerant sol ution 130,

rinse solution
132, where regenepaaly Jooase

such as

by addi ng cevis@nbisat ed regenerant 192, preferably concentpafBshi a4

regener ant source vessel
regenerant solution 130 is achieved. To
a concentratijion nonitor/control
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ordinarily skilled artisan,

noni t or/ cont r ol

may be used

2 until a de

to aut omat'e®

C:

or

pH

red regeneration concentration of
he extent understood by the

B1y adjust the concentration of

regenerant to [egeneration ] eVeggn g pun SreERRAr At %% i to
regenerant soufce vessel 132 as desired. C?Fb the rins fﬁh %ﬁ cy¢l e has
conpl et ed, val ves 182, 184 188 Gt 190 areCcyp@sed dnd vé]Wi@s 178 and 180
are opened, an F., Turnegfy o therggpEt o begrntd ce cycle
agai n. The var ous 0 off and open/ cl osed st;(?es of valves”and punps during
t he operation ,ycPeEnpfﬁTS apparatO§F100 is suml zed|in TabFeé 1 below 2
July 2004 WO Of+49389- HOISEH-0 1412 1Tab ServHee- ion
Ri nse/ Ref i 11 Oycl Y&E 78 e PulFEY a0NdE &Foﬁﬁo 176 vallve
178CPENCLOSEDCLOSE@|V‘¢a1Ia¢Je 180OPBYEINCSEDAL CSEROYED/ € ] EN Val ve
184 CL OSEDOPE NCLOSED Val ve 188CLOSEDCLOSE EN Val ve
189CL OSEDOPEN L%Méve 182 CLOSED OPEN OPEN

Valve 184 CLOSED OPEN OPEN

Valve 186 ~ CLOSED OPEN CLOSED

Valve 188 CLOSED CLOSED OPEN

Valve 189 CLOSED OPEN CLOSED

Valve 120 CLOSED CLOSED OPEN

A more preferred embodiment of the present invention is shown in
Figures 3a — 8d. Here, apparatus 200 includes a dual resin setup, wherein
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 jon-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 ';ressel 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
‘exchange resins 220 and 221. Waste outlet 224 is operative 1o receive
copper free waste 222 resufting from ion-exchange of copper bearing

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



Val ve 190CLOSEDCLOSEDOPEN A nore preferred enbodi ment of the present
invention is shown in Figures 3a -- 3d. Here, apparatus 2002iogl2edges a
dual resin setup, wherein two ion-exchange resins are utilized such that
one of the Msndi@gishange resins can be in the service cycberwilogi7i he ot her
of the ion-exchange resins undergoes the regeneration and rinse/refill
cycles. Thus, it becones unnecessary to interrupt the copper renoval
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conduit 272, and Paanfs R¥4iaRd\e7e%eb dipdbad R cortineyehandard Ssdratvep and
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x. R nse SOW?’E24O L
condui t 272, #h8 is.gate(t)cbgpgpifl TEOHLRNEI L2} HlvRsETiathepuaBelt, Regener ant
source vessel 288 hrbligh PRE" &l MiBpdsLdPinO¥bifiIRSTS a?laoareaépéifﬁﬁ\fé)ﬂf e for
regeneration of ion exchange resins 220 and 221. Waste outlet 224 is
operative to PEWEPH& clesathalpte preveniing did flow therethrpugh ARd @n apenestateange of

copper beari n&llomﬁﬁd‘ﬁlﬁ%bﬁrthéﬁe?rﬁﬁﬂ% 12 with either of ion-exchange resins
220 or 221. 2 July 2004 WO 01/493 PCTI USOL/ 00174 13 Regenerant waste

col l ection 236 is Aspdhewn ieFiguresedeane Spefjshcosimivesral 248 caol undenge 234,
LYhe? P Pereeth HEB A 408 Eah B 18 DA oh FRAREHR, 0L 1,
condui t 272 aWdiceans aposerefiicycle. Iapadiculsrasestowmiarfigdredad puimpe@g¥ condui t
L7% vl ucs S 208 RS on Wihad 2%, HBOCHRY A0 bl RERE MR, o,
t her et hr ough antivaive@E8, 28841282, #8KpRBS @intll 200dafd clos¢deeabby tuglork As shown
i oS0 Wb, 01 k3950, 449 A ol AEEBE 1"
rinselrefill reginlvessélrefsar Wihuwespectas tissewicbroytiegol frsBesirpyasesl 2181
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.



and 276 are turned on, valves 278, 280, 283, 285, 286 and 289 are opened
and val ves 279, 281; 282, 284, 288 and 290 are cl osed therengm92m94k a
service cycle in first resin vessel 218 and a regeneration cycle in second
resin vessew®@hBosswWwth respect to the service cycle of fip@tuseesbingvessel
218, copper bearing waste 212 is passeq in a preferably upflow direction
through resin vessel 218, where it undergoes | on- exchange with

i on- exchange resin flee waste 2 i t omjs sent
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i on-exchange resin 221 to m copper s earing regenerant waste
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second resin v%ssel 19, while the service cycle continues on first resin

vessel 218. H¥QMe ot BoBras hearing insgwatar stepany 242 4% campanty Wihetheand

val ves 286 anmaﬁgcgﬁm@of%é@ﬁbﬁgéirégmﬁo 238 from rinse source 240 is
passed through second reésin vessel” 219 thereby to rinse away any excess

acid and to form riighifetna: ag Bh@@ doFiguresriioaind @di eecong repinseeselt239
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sol ution 230. entrate d be added to regeneran our ce
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service cycl eandvalires 8%8 0280, i288) 28% K88 ands2gtl arldoset, |Wlth|respeektdmege_ resin
for examlo. 1 e MoRsh SeentLieLRSRT 216° pPul bt ervatper
bearing rinsestesam it fom R4 @mnil TeNBasemigthvugh ké@ndkmmvm@wy of
0 eXehano® el iibradhe\R-Euhore Bp SN Ee A Lotugeal 3557
under goes r egasteragd esulling thérefemriekich tooysdie Dutlbn2PAr Firsiubdih vea§elshown in
Figure- 3c, 218 undergoes regeneration as acid 230 is pumped by 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
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val ves 279, 281, 282, 284, 286 and 289 are opened

and val ves 278, 280, 283, 285, 288 and 290 are closed. Wth peEReoh4t O t he
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ion cyclejon gefond |reseyclyessel 2¢8ebeg| ns cyagai njas shown
Fhe—var-i-ous—enloff—ardd openlcl of- valves!and purrps
ar'g?'?‘Bt?%ycl es PR adpar 2PWs 200 i sONinmati ze®N n Thol e
2 Phmpi276es! N FONST TeSTIOFF ON OFF

Valve 278 OPEN OPEN CLOSED CLOSED

Valve 279 CLOSED CLOSED OPEN - OPEN

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-
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7 8GOPENCLCBELOENPRCIS P ’%ﬂ"éé" A BEEDPSEREY (BERP ‘%ﬁ"&:“ sources,
289 OPENCL OSED&IRFNGG FRErovs| ivre e 282G ©bPARRNCIHREEROBIN or other tools, in a

manufacturing process.

As shown in Figure 4, an exemplary copper free waste 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,



As shown in Figures 4 and 5, the present invention also includes the
treatment and processing of copper free waste resulting fronetlg 200n-
exchange of a copper bearing rinsewater stream according to the present
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an add-on to the ion-exchange apparatus4of the present invention, or nay
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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
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Wih respent 14080 pRRHE rieBhns b IRRALE oo el oRoBmie on:
exchange, it mapufactudssibyalDeEmonics,e 780t Bbadegmlgeram Wasthe CA ogPeaser al
ol et roui nni ri BRIl Bl S Bou e HEL SEBs o PPN FY 2EERRY can be
| abor i nt en~lfoeuse Mthmmsdhcls ihthescedptraam, em cerainic meRi&idss 400
Such a5 an i on- exciraauosiyar i S RPN b sohuRaloh R Rq BER oal to
the apparat usAgd. Fhigiisestagd@®/O rdfeclor dtenials] 496! whidh Woltdies sopber §beod t hat
rinse streans ofl ids, n?nay tt]Je sent to drain. If solids removal is required, however, such as

by local ordinances, the R/O reject 496 may 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

then a vacuum degasser 411 for trace organics removal, Any lost volume of

v\;rater 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



sources, such as other manufacturing tools, may al so' be processed by
apparatus 400. Wth respect to ion-exchange apparatus 404, cpppg004ee
waste 422, resulting fromthe ion-exchange of a copper bearing rinsewater
stream is twy@anspspred fromthe waste source to the masteP@ﬁﬁﬁ,ﬁé@4 Copper
free waste 422 may be conpletely free 2& copper ions, although it should be
under st ood that copper free waste 422 9 contain a small concentration of
Juid container, collection

vesbel or contianh PLARY o aie fe ke ige fro AN BRGNS 4iAs 450 1 o

neutralize Opreﬂeréﬁlyspdhéﬁé@ﬂb 1808 GRRPERMIchE fet@Rite wikdd: by EDheICXdent
under st ood byg&gfg‘e rlJuI 2004 WO 01/49389 PCTI US01100174" 18 ordinarily
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skilled artis teb it o pamdfien dausaaycied ly gamingdt frdfeusenn of

reduci ng agenmaAbfacihing a@,@ dgpgércﬁgééggegeductlon potential is detected. The
reduced waste 460 then undergoes reverse osnosis (RIQ process 493,

whi ch i's preferabl ‘§' Siloé&@ﬁeuﬂd%@fQOQVMéh@sme@ W@ﬂﬁfm aontarelgieso
t
remove or gani Gagaafs iy 30k Yty 8alokule OBbRRE! Slon LL R0HbAL TF e

under st ood, however, single a rocesses are
cont enpl at ed we@tm @Cb@éﬂ@mBRqunmoneAtspdnmaumumotherwieeemtbh\;entmnI ude a

first stage 4 h I

menbr anesg495l" Q'té@éfg%d w? @ggses?@@ggp ?8@&&% f%o?’ég%r Elg%ﬂg'n‘g t% t he

sol i ds. Exenpb@rnponwms)saleemdairmnnheabﬁud:ipg @gehbsfm,ym@@m?geémp@mt S

manuf act ur ed ' S ,dge . st a . .

Al ternativel yHX' %@@&P@@r&é@aﬁeh&gﬁmﬁrﬂ% 45@*}%@ Yopie ge gA gﬁzfoﬁpﬁﬁﬁﬁé‘g'tadapt ed
for use with h1‘gfn8mﬁdtl§a:;cdmm1métbn]§@ad osdlgream hSUChhafS ce[ am c m%‘gtl)roanéelg.4 The
reduced waste 460 s prefera ir sent thro i rst s e .
The first stage RI'% FE?@EU" E\gxfeetaeﬁﬁ%\t%%%d”v%{ﬂﬁOEhaIESrﬁ% ?{&’Ié‘%p@r free
solids, may bsystemtfor Qreatmgnco rsmdandg wasteY alin igariaas resl, ex'éﬁ‘lf#éf? such
as by | ocal e sent to a "facilities”

ect 496
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sent through t he secon | O 495. e second stage RIOreject 498 is

an ion-exchange apparatus 514 according to the present invention. ion-
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



preferably returned to waste tank 450, and the second stage Rl O perneate
499 is then preferably sent through an organic destruct W |angpiy4084and
then a vacuum degasser 411 for trace organics renoval. Any |ost vol une of
wat er from weerosder ej ect can be nade up by addi ng ul trappegusiiosrs 412,
such as fromthe fab de-ionized water liyjje, to the second stage R O
perneate 499 prior to sending second stage R O perneate 499 through

organi c destr . After the UV/ Yacyum degasification step 470,
purified wat epgﬁ'b#vpk%%réBQW'le%}a'g@n?oqs u%&é‘&'ﬂ‘lgg%- Gggl?ﬁ‘ PHer &8 ?@Iﬂﬁ?t system
406, whi ch exoialifigatonsowehzingds sradyibremioe o By oxsaipRigeRboHMeERtS of thei t her
hydr ogen or h drOXﬁl iﬁns..%ﬁegﬁlan¥ EEI uq%ts for use with the, present

i nventi on ar eP"SEALIMYERERR MBQUERBRAHRG (o8 1h¢, Invaglive.cppgants cemtainede EDI
waste 407 i s BRerdi.y 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-described apparatus, such as
variations in the selection and placenent of conponents. In particular,
the present invention contenplates waste processing apparatus that include
one or nore of the conponents selected fromthe reducing agent 402, RO
process 493, EDI unit 406, ultrapure water 412, WV |lanp 409, and vacuum
degasification unit 411, in various conbinations and orders. As shown in
Figure 6, the present invention also contenplates a systemfor treating
copper bearing waste. In particular, the exenplary system 500 includes a
rinsewat er stream source 510, such as a copper CMP tool, which is
operative to provide copper bearing rinsewater stream512 to an

i on- exchange apparatus 514 according 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

" s



516 may be sent for copper recovery to an optional electrow nning cell 520,
such as a "facilities" electrow nning cell or an el ectrow nnggglyeebs as

di sclosed in Application Serial No. 0%/322,745, filed May 28, 1999,
entitled .Electrowinning Cell Incorpo Ating Metal lon Filtration
Apparatus. It should be wunderstood that other nmethods for disposing of or
recoverﬁﬂ@“ﬁﬁpper from copper bearing waste 516 are al so contenpl ated by
the present invention. Copper free waste 518 is optionally sent to a waste
treat ment/ processin a?paratus 522, such as that according to the present

i nventida as Pd@@thopg@rcﬁe affively ranevirheetal ipnsiofjinterestdramme sslutiggaiomprisingshoul d
be under - r Ji [(ge i er
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contacting a solution containing solid particles, an oxidizing éﬁen ahd a
first cOnsERd Mesahfionrin aptw-iaw directionghigugh sald resinesessel tbrrebe & expEndtthe s
resi st apdsit Bedlamage by the oxidizing agent and that is operative when in
contact with the solution to exchange sel ected ones of the netal ions in
the solution for selected preferred ions thereby to produce a treated

sol utiop haw Qethdd 2BEREg $QBRRRY WHr &R 1Y scﬁltrﬂtﬁ)n"@%ﬂri]ng Yl ERBFes'h%vihg\é‘er
than the first concentration, wherein said ion-exchange PESIH beA

cont ai né@eidistriputian phirera L2 misRenio®dH0 Micranr esin  vessel thereby to define a
resin bed, and wherein the step of contacting is acconplished by passing

the solution in an up-flow direction through said resin vessel thereby to
expand Bhe 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.



resin bed. 2. A nethod according to claim1l wherein the solution contains
solid particles having a size distribution of fromO0.02 m cpgontzpod. 10
mcron. 3. A nethod according to claim1l wherein the solution is wastewater
froma chemical nechanical polishing Bfocess. 4. A nethod according to
claiml1 wherein the nmetal ions of interest are copper ions. 5. A nethod
accor di g t o Acinathed hcodrdingito cleine 1 iedudingthe step ebqoatudeng the idO¥xtang8Yesih. A

crosst i A siete SOMIGH batREerlolhRRotod R EHHAR"AE ol Aoy o5 e ey

wher ei n confathedam texichangeangesesin; thesblydo farth & regarichant vaistepolctmséattainigg of

Rei | | ex J resins. 2 July 2004 22 8. A nethod according to
claim 1ai£gr%t¥:tloﬁg%n'§8 Lilgﬁgfjéiﬁféﬁs ‘contacting the ion-exchange resin with a

regenerant solution operative to exchange ions therein for the netal ions

of intepest ,C i i i op-exchange resin, thereby to forma
regenerght mﬁsﬁgﬁgﬁ{%ﬁgqrgﬁgé%ﬁl@g? ﬁimﬁﬁrelaﬂ%arlege%qrap%?l P& S?[ﬁﬁgggf’"‘ nt er est .
9. A nethwogroap consisting df an akidi solBionaad @ibast Belutiegener ant sol ution is
selected from the group consisting of an acid solution and a base
solution. 10. A nmethod according to claim9 wherein said acid solution is

sul furi dOaci & raatihod\sheording tes ailaimitasdestn s4it @vidi soldionENsulivibydidandde. 11. A
met hod . d i m.8 wherein the regenerant waste solution is passed
to an e%%%’{"g\%\ng}ﬁﬁ%g%gé&@'qn |§ﬁ5~tmc?rgur86|g$rgﬁd9e to reduce the metal ions to
their corresponding elenentary netal. 12. A method according to claim$8

i ncl udi th of caontactin he jon-exchange , resin wth a first rinse
sol ut i oﬁqt he?‘e@%ﬁg daper ng? eclad'ﬂ(# H%ﬁgeén 5507 9ntf?3§%59{'\é\€f%a P8I ding to
cl ai m 1® ehesleitowinning celsthat isnsperativeutd maucs tie metali ioasl to Wadirccomresponding

met hod | claim12 wherein the second rinse solution is passed to

SRl had

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

150 A mithoc RePAREHTRNET Haim 2 lithifibhE sl AR e T PiehRni o

nmet al | o with a first rinse solution thereby to form a second rinse solution.

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.



substantially zero. 16. A nethod according to claim11 including the steps
of adjusting the pH and oxidation-reduction potential of sapduly~eased
solution. IT A nmethod according to claim11 including the step of filtering
the treated solution by reverse osnosf£d thereby to produce a retentate and
a perneate. 2 July 2004 23 18 A nethod according to claim 17 including the
st ep of 1&ddi Agnethpedacirding dgentdimt 17 firobuding thatséed cfalddinganrepucing agenttthéhst ep

of filteping. . d ing to claim17 including the step of
passi ngﬁ{?#eggpsglr%ﬁ%%@'e'méﬁ?eoﬂgﬁggﬁ%é'ﬂgtt ro-dei oni zati on system 20. A nethod
according to claim17 including the step of passing the perneate through a
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sel ect i trebyghranalectnydéibbiaktionaystead. | nterest froma sol ution, conprising
contacting a solution containing the netal ions and an oxidi zing agent with
an i on-exchange resin prior to contacting the solution with any reducing
agent, @fer eAmathodiacandieg &haltaim 17r msludingshe step of padsingthd peageatby t he

i di zi i At . i tact with th | uti t
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carbon prior to the step of contacting the solution with said ion-exchange
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24 the selected preferred ions.

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



ions thereby to produce a treated solution containing the solid particles
and the oxidizing agent. 26. A nethod according to clain1252umﬁggbm t he
nmetal ions of interest are copper ios and wherein said ion-exchange resin
is a crosslinked poly vinylpyridine i oR%exchange resin. 27. A nethod
according to claim 26 wherein the solution containing the nmetal ions

i ncl udedorel tneratyrioi moducenal twhtedesalutoni chntainingiths sbli paitioks ranah thensidiziBg An
apparat%ﬁeﬁpr selectively renoving netal ions of interest froma solution
contai niig ~an oxidi zing agent and a first concentration of the metal ions,
conprising: (a) an inlet adapted to receive the solution froma solution

sour ce; »kb) i | . | ui.d ,co nication wi.th said inlet and
adapt e 2P0 - acIFbieHAXESBe b Pl ZRVERTBA TRl Bie s interedfarf gappeidphand
di sposewherein saitl ion-eshangessel is awinesséntedgailyvingpyrigireiengechizpgenesis.
resistant to damage by the oxidizing agent and is operative when in

contact with the solution to exchange sel ected ones of the netal ions in
t he sol @7i on A ovetlsl ectardingrtef daine@6i wherelnhiteebylufion poctdinig &het rRddicigns

solutio i . nd cancentration of .the netal.ions that is |ower
t han th(feh C%@gtaﬂ%%ﬁ%@ﬁf&a%do%&%n s]aﬁir ?rﬂ@m Iﬂﬁéi'"??mluf'h‘ioas'corrrmni cation with
the resin vessel and adapted to receive the treated solution therefrom
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val ves ageicirgdtiedpeaiativie avhehun @bitagt with thid soldfigratoheaphange selected et iofighe
sel et it B8 i s AT Ao B el SRS 2l SSHAGE, 2
per i t shaving d second tonaentyatisaeidhe mhetsl, iond that ghlowar thanethé first esa&dnt@ation: a
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communi eentaetwithi the icmexshatge maintniexghargiel iommid the rqgeawiatiesslbiion fegtheanatat
wast e sRhUtdrqhetdde Shikined in the ionexchange resin, thereby to form a regenerant waste
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



30. An apparatus according to claim28 including a rinse source in fluid
comuni cation wth said resin vessel and operative to.provi dgul 2ooase
solution thereto, and wherein said valve systemincludes a third state
wher eby said valve systempermts flui #5flow fromsaid rinse source,
through said resin vessel and to said regenerant source thereby to define a
third floutlef therehwioydef@e.a fixat fiyig pathivay, arctioradsacgnd eta:bé saidvaiBe ispstbonchanmita
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and inclu or opera nonr t or

sol ut i oputlet tb@fﬁuytoewme@secamiﬂlad paftivét i on-r educti 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 retfci wkglap@eratusmnwﬁn@wchlaimzmwhetein(xmnimsedonabum isaddptediiotbe

reservol r o] ctivel naI|n

sai d aclro(rir'" Cg@ﬂlﬁc@%ﬁ sal gﬁb‘gﬂgg} EtEslo%ﬂ gzecfrgﬁﬁﬁk@ gge“ % é’rﬁ%l‘"%%é% %53[5’ veI y
t o sai dwasteswlutionrtheérbter eby to attain a target pH of said treated solution
in said reservoir, and whereby said oxidation-reduction potential nonitor

is capable of signaling said reducing agent source to provide a reducing
agent t d3Gai dnrapparates accohdngetoy claom 28t iacindiag hangeisomcle drafluid no@diuication
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agent stunddkid pathivay.d conmmuni cation with said reservoir and operati ve to
provi de a reducing agent thereto, a reverse-osnosis device in fluid
comuni cation with said reservoir and adapted to receive said treated

sol ut i o8t he Asfapparafuriacspating fov elaino 28i intleding airdsdrvanadapteabioutcaive $didr eby to

pr Oducetraal‘[(le ls%lu%glq)ﬁ‘o?nf’saiq fi |§{ ! e?tﬁdqﬂa ﬁ% varirfﬁntoﬁg g &)gva/ |V§?u§l®8g%oas?|§ of

degasi fication uni Communi car
devi ce said teeatgst sautiop in @@ei l\eeelsralr@npeammmlailonheahmnompnmnﬂaiopmum ioperative

remove B BRAG: BRI GidAbI LIRS bholdhuBrbr RS PRALE SLIRNT Y 50 RL8RHEang,

purified water dei ORi 2atTon
with saingludinoy aouacid dasgyecs, fa dmwospulm tandandresitiaipy eagend somomi eacts dan dfluid

ot d pur?Tleatit e AR CHEeRBR: Hriekfhy’ Sol IO s oAb Ry Bt ogen
or hydsigrgling sgitkacithepwby and spidddee sotricg o pmvudg;acimaretbasuespmanmpwmms
accor di pgehRirGhdled) #3atdlf 28h et BHbf ST e PSIRRISInAEH E8elvBF, éh%e\ﬁhgreby

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



first-stage reverse osnosis elenment operative to filter said treated
solution thereby to produce a first-stage retentate and a fpygt2pbage
perneate, and wherein said reverse osnmpsis device includes a second-stage
reverse osnosis el enent operative to fPPter said first-stage perneate into
a second-stage retentate and said perneate. 35. An apparatus for :
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first concentration; (d) a second resin vessel in fluid comunication with
said inlet and adapted to receive the solution therefrom (e) a second

i on- eg chahge Anﬁmiparatdé apmsdiog ton cleim @3swheneth said reversesssthosisiic incladésa
i=0n- L n.i I.stant,.t . t i di zi t
o s ORESBERIRNAR SohBe S mBhC AN o A i st a it e B0
ones of provkiceetfast-dtagesretentdtoand ﬁl finstradage permeete aheé dvhpreth eait edvdrgflssmhﬁf elby
t d . __havi ng a.second concentration. e neta
ong ¢ nBicd ol 5 SR A0 PR Bhbis AR AR G FhorRBic et e T

flui d coemoedte irttd arscobridastage tbténtatetandeaidpereeatel and sai d 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 sai 85. sedomppeegusioveslselvelymdmopiag atdtaldonsoofdtbmst frovalaysautioni cdatdirveg et o

" . . : o "Th the fi q
cecond ERrotsaf Hefl ahdd' maf calelBlon e MR Rerdl 68 Sttt nc®f abehBl ant
sol ut i oadapted tthereneival the cotution from e esshﬂiormrﬁofraeecﬂb)’ a fise rédim skesselnd fdgond
) . , ) { .

ol ut 1 oRIBRGTIERYT A SBRCRIY Bhel acbtiBh itodele' PR BcTupBRANEHEN, (It incr
(h) a sexchangeuesintdisposéd in gaid dinshurasio aekesi, wherein said dirdti ios-excremige hnzeiasiel

d ' | Y ' I, t he, ..
Fegenor Srtandy dofighl oy e Gy Phd ABEARL s bBo RS o T Yol Eiiuliint Mg o

pl ur al i toy es¢hangevssiected soes af diak wiatdl anpliurtbe isolutiofi fot séldciedt frafeyied ions

veseel . TRy BrofIEH fen@leTuitn BRIk &3pfing Acimalioh BlRCRTERR tards ooy

in a filoyerdhan bedustdonedniratioy gt paspesnd ttesinflessel if o dcdmrourgtatioaiwith sdidt |

throughgai ghy adapted to receive the solution therefrom: (e) a second ion-exchange resin
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 respectively, thereby to form a regenerant waste solution
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nmetal ions of interest
37. 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, 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



fromthe regenerant waste solution and reduce themto their correspondi ng
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operative to adjust an oxi dation-reduction potentla treate
sol uti oMm&td- a target oxidation-reduction potential.

38. 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 includes 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.



