- 1 - SYSTEM AND METHOD OF SLURRY TREATMENT BACKGROUND OF THE | NVENTI ON
51.Field of Invention This invention relates to a system and nethod for
reduci ng the concentration of one or nore netal species froma waste stream
and, in particular, to a system and apparatus for renoving one or nore
metal species fromchem cal nmechanical planarization waste slurry streans.
10 2. Di scussion of Related Art Techni ques can be enpl oyed for
reduci ng the concentration of the one or nore target species froma stream
For exanpl e, Medfor dyyeirrali AnD MbrEorfai- i iudiey Thuslividds di scl ose a
system for treating acidic etching solutions. Swanson et al., in U S

Pat ent No. 3,428, 449, 15di sclose extraction of copper fromacidic |iquors
with a phenolic oxine. Spig\eye b@ﬁH)@FﬂﬁﬁfﬁWEﬁPKg§’44o’036’ di scl oses the
recovery of copper fron1copper-%ear|ng solutions.” Stephens, in U S. Patent
No. 3,912,801, discloses the solvent extraction of netals with a cyclic

al kl yl eney car ehler et al., in US. Patent No. 3,914,374, disclose
t he reﬁnv%l o?gagéfgﬁéﬁﬁﬁopper fromni ckel solutions. Asano et al., in US.
Pat ent No. 3, 98 itdchtionidabsas e sPOam amtmythadiod eedacing g sos@hiiitionsf vef érini ng
process. _ el U S Patent No. .3,941,837, further disclose a

et hod o 20 Al ey Tl BT wSTeRGP B iry P g T AAE B in U S
Pat ent Noemdyiig Ond@Mmordins:cll geeics Bbinl chémichianeOPRe plahirpdtich ®xdi¢ ey on
systens.{;%zel et al., in US Patent No. 4,210,530, disclose the treatnent
of netal ﬁlgp?ng wastes with an unexpanded verm culite cation exchange
columm Dalton, in U S. Patent No. 4,231,888, discloses a 95 conposition
used for extragting copper from aqueous copper salts. Merchant et al., in
U.S. Patent .w%ﬁékﬁﬁégé%m%ﬁ%close a nethod of regenerating etchant and
recovering et cReghiqit adn beBLgHEYe8 tor@ducinsMebomeenRBEGNT thoncbr R GR3s

di scl ose a process for renoval of copper from solutions of chelating agent
and coppeP Itefirar freah Kor sxantmie. Mfrdfo et 4, 756,51 Brenidios 2 ABLEE. tliselossepar at i on
of preci Qgﬁeﬂﬁ‘é@chﬁti@g’a@&lc ERRNEXINANIE SREREE S, U8 8SParddd N Daaflatfeent No.
305, 298, 168, discloses a ferrous dithionite process and conposition for

r enoving Bickase pxiEatipieespppas fremeacidiobquasst with 2 Sieapler exime. Spinteyi m WSS, Pat ent
No. 5, 34G027 N0t SR BBEIiR] , ' Shefal: fluid stream
Mar qui s eﬁ'al.?‘in dgs_1%3?%%@9§%59%¥éﬁ%ﬁ%%??mgﬁﬁﬁFbg%ﬁﬁ@QiFidﬁﬁhe use of
car bonat e¥enbansyn @iS. Paent Mot 3.4E2.8Wn distlased gre, solvantlxSactipa b metaNovitsy 464, 605,
di scl oses.g; _ h COoMmPsi & l.,of. peraxides. . Abe et
R O L IS e R

acr yl anaiaeestdualmoppariffoneaiclet sqthtamist Akdne et M, sir H.SePatabt.No. Bi92BI78l, dRaloent No.

5, 599,51 i .QS h of. renpving .Snercury so) .yt i.on. ssaman
et al :.10, |5dﬁ 3 .y%%%afcgn?u%{uag{‘ ?Ifgl,ng(%{ceﬁi ééf“%?seg a{,,éﬁéf# %Féﬁ{eﬁ%llgodl}%r‘?? from
wast ewat dnrtheFidisslose eemethdd of traatihg & aqRadud Bblulin ofGc340,idQ 5, cadh sicll 0B she i on
exchange 4.¢e al . of tals fromwastewater. Kenp.et al., in US Patent No.
6, 518, 129 A0 No1To % diefoss e AR Pt Bl G P ecovaFmSs Elfel &R s {1 om
wast ewat é7.3. Hosveer 4,2 KesB0, éibcl@d the thddtrhénBof BatkieitinNGvas@s 818 al 2BexphRfegs t hat
if hydro enﬁggroxide iiﬁﬁées nt, it cannot be 10present Wi th sone resins
because of “FEYHF FUGHGEEERE] Gotymn. daliongp b Pajegt Naeh? Hot®8 €iftdeses dn exchange

can bs useslpbaididsa€br 6QRREAg tPPS: frdM hqueBe GppRtalld KedhanPéal OR 1A pol i shing
slurry stream because o presence and anount of solids present therein,

f the
typi cal | y 2Rt ¥prgh 338 2Pgtisclase p gigthod jof ragieraling efohant padioRapERYS echaHECtINVENT] ON

I'n accor gaBGEcWLL i} 19REPAn: FRI £6NNBIIBRS prd A& oPMEM QR cbshefhbgcted to a
met hod of treating a slurry stream The nethod can conprise steps of

provi di ngotenssi ghalafingpperd pdeonpen Sefiguiain U.8akatens Me. i@l 87adidclates Iheast one
oxi di zer <BEEERbS AkoiBuSANLE Rl LALLMl ool 880 iAPMD.RA, AOT ! and
introducing the sTurry streaminto an ro exchang€ col um. In
accor’ane@%il 6 disasesra frmpous dithivoidé prentss and dvenpositiemfdr oaméeengldissebieéd to a

mot hod asreamett Ratios G REDRRLE Rt SR il

t r eat mentensyviitgemetels fisinst fluid siesee Marghiks i Of, 1817.5] Past: Non 6, 3481 BXabaRge unit
conprising a chelating ion exchange resin. 25In accordance with further
enbodi nents, the invention is directed to a nethod for fabricating an

el ectroni c conponent. The nmethod can conprise chenm cal mechanical polishing
the el ectronic conponent with a slurry and introducing at |east a portion
of the slurry to a treatnent system consisting essentially of an ion
exchange col umm conprising i on exchange material conprising an

i m nodi acetate functional group. 30ln accordance with one or nore

enbodi nents, the invention is directed to a treatnment systemfor treating a
slurry stream which can conprise at | east one netal selected fromthe group




15The acconpanyi ng drawi ngs are not intended to be drawn to scale. In the
drawi ngs, each identical or nearly identical conponent that is illustrated
in various figures is represented by a |like nunmeral. For purposes of
clarity, not every conponent may be | abeled in every drawing. In the

dr awi ng: FIG 1 is a schematic illustration of a treatnent
systemin accordance with one or 20 nope enbodi nents of the invention;

FIG 2 is a schematic illustration of a treatnment systemin accordance with
one or nopg umalbmssn%taﬁmewc%ﬁlﬁayd% ﬂ@S@%&ﬁ%%ﬁé%@@' es 1 and 2;
FIG 3 is a schematic illustration of a treatment system described in
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DETAI LED BEGGRI:er| dra et al., in Th§. é’atenvlﬁmﬁi?ﬁ 5L, divglost k miethed of wmw‘mgappl ication
to the.de r onponents set forth
in the torPeu B SRR MRS F AR TeRE TR B FERRREES e

i nvent i onmesl ioaplabh eagéwath dilsend ) inghs. ?a&ntﬂ\imftﬁ,m;mg, digchst lheeﬁh or of

ueed nor e b o ok B Bl erenlel oty Gl STBBRNRGE B Do gar ded as

I imti ng. simieludeiet teiinctittang ,temmtabdﬂ’pmtslllmg ffon rastévi@er! Homembakenpg, "
"invol vin yar i i Q thereof herein, is neant, to enconpass the itens
listed th r"}a’df‘% ﬁtr‘?ﬂtalé‘ﬁuﬁnfﬁﬁilg ‘?teﬁﬁwgﬁﬁ’d@%‘?’wqm%s B0 Ao ens. Jol n
accor gancgresshit WitlREncQEsiNTHeCaREBIOEH inBMfRitibiliRe Kenyed i, ntef Mtk esioaYSt ens and
techni ques that renove, or at |east reduce a concentration_of, netal ions

froma soPGRINERHCBOCISFEA HaghoRREHEoNS daib wouldipet ek waikeow ad%%ls@%%l% of the
i nvent i onsuREy bBRusH dflticZ@ekeh@ n8 ARWENQN IR pRRER m&r@@%ﬁ@ﬁ n BRGSGHEs: such
as netal ions, fromone or nore fluid streans, typically one or nore

wast ewnat e #WaRA SWEH. accor dance with further embodi ment s, the invention
15 provi des systens and techni ques that renove, or at Ieast reduce the
concentration of, one or nore transition netal ions from solutions and/or
streals containi ng hi gh anoUAVyARY SUSHERHEUERNSIPHs (al so referred to
herein as particulate nmaterial), such as slurry streams. In some cases, the
i nvention provides systens and techni ques that renove, or at |east reduce
t he concent r athii gsorgfncesuppme of s doabpdingmes, the imengorsis dnweéstbraammd dEor
exanpl e, 2 ve copper

i ons, fro%ggn%?va%%g}a%@m 1& rh g%%gl%g%&?@nﬁ {Se E%f Af%y&n&hé) @F%Rﬂ rsggr?%hem cal
mechani c abmpuoinsfiilengt @Evtalahd amezegmaiﬁdilmr pesdit 8t d)qpnaminaudm oftpt idag net al
ions .Qr i ons_the roduci ng an

envi r%nn%h@glsp‘ﬁggﬁ‘3%@?%“&%?8%“” gﬁdm %L Geeo™ cf‘ﬁé %F@%‘n environnmental |y
clean" referslt @:cadvmmmatnem ﬁhbmafogﬁn@tsrmamwehmn ic ditedoe diamegliceibft 0 a
muni ci pal wast eyat er tr such hat e wast ewat er dj scharge
stream cérﬁfl e 18’8}:?65?1@ Slﬁlgq pﬁh l%silgéyns? wap dhe g’ggfﬂh‘fp%ﬁﬁ? sf5p 8* ng/ L
(about  O.frgapedhg the slurry slrBan@GEO4 deR@entwddin Sbisisking bsthR0y efhogisimatisy, t he

t reat ment stem and techni ques of the invention can conprise, consi st

essent i alf§ aB&”m8P°@8H§P%?C@%””@ﬁglﬁW MEF EPn exchange unit operations
that sgan renoueact$8aRd i@l 8mbadifehis SRERVESioh LOMdRE ONBBbd FRr € slurry
30 streans and can render the one or nore slurry streans suitable for

di schar g&ahrisalinganglegipinpapronepin The swstd sabcamnrise shamaral Spasamiatent s, t he
treat ”enlfpoﬁc;‘i’lﬁf%%@ cﬁ@ﬂoﬁﬁ%@ﬂb&%§wﬁf] akR&ylapy ﬁﬂ%lﬂv?cnxbpzﬁneagtod'ﬂ&hc?heef (GONsi st
essentially o or consist of an 1on eXxchange subsystem - and a carbon
subsysteﬁwﬂTﬁéaﬂ@ﬁm@%éhﬁﬂgemﬁyﬁﬂéﬁ$@aﬁHMPfmi@eenﬂ@nﬁwaﬁnwmﬁmKWM@mQMange

col ums re carbon beds. In
accordan%g%ﬁ%yﬁﬁéﬁygﬁw@ﬁ%% F#%ﬁ@ﬁ%ﬁ%ﬁgﬁ¥ggg ment systens and

t echidf ques of Intﬂh@)fdzmze withone olamomtmibpdxmeam the mvemodmamgmecmnll to mupatmcmar bon
bed, or i.pation her er at reduce or
ot herw s%’sgeﬁangggélnggl e gr e &t 16'1:{1;1 80n1%¥se dﬂfgasé PE‘? wytaLie?eggﬁ] 1°8* B8 treat ed.
The syst giwep andistisedivogp@sicad, nickel, £iny, &by Badidim] F@RmadgVR, stdirry stream
by utilizing an ion exchange columm, a carbon bed, or conbination thereof,
W t hout substantially changing a solids concentration of the CWP slurry
stream As used herein, the phrase "w thout substantially changing" can
refer to a concentration of solids in the CW slurry streamto be 10treated
relative to a concentration of solids in the resultant, treated slurry
stream such that the concentrations are the sane or within about 5 %or 10
% because of solids concentration reduction associated with solids being
unintentionally retained in the treatnent system As used herein, the
phrase "suitable for discharge" refers to treated streans wherein the



wast ewat er stream such as a byproduct polishing slurry stream from one or
nore chem cal mechani cal planarization processes during fabrication
operations directed to integrated circuit mcrochips devices. Sem conductor
manuf acturi ng processes typically utilize one or nore nmetals such as, 5but
not limted to, alum num and/or transition nmetals, such as copper and
tungsten, in one or nore operations duging fabr katl on operations of

m crochi p devices or conponents. Chem cal nechanical planarization or
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snoot h sukfdages panxsedhrris @itrato mﬂmﬁmvnmﬁe\pexselﬁate gspintatla Wﬂpﬁf&@i gks

utilize one or slurries to.faci ri zation
process. A% AHB émgh‘gp@ﬂeﬁ're?ﬂ?l &SP RAPPRIPTE &Y Hhéttf (ﬁy E%}‘%F@%‘ll ngd pad to
renbve exgRs® oftheWREgsireabhel N\bals fclsra:éarch@lthécronmnh‘aleors@rth@mh@amiar devi ce.
To further or facilitate the planarization process, the polishing slurry
typi cal | yPEBHEP P EESRSY8# M nor e abrasi ve materials and, in sone cases, one

or nore agent siytab@kdandCilth b @ ridiecRbanaeiiz alid ;ﬁfrbnﬂbmmeﬁmtedﬁ)mﬁbthqi vthe CMP
process, silicon and other netals are tygwgall noved ,Fr om
a

sem condu@t’)@#ahﬂé%‘?@@e’&ﬁ)@ aglypysBern havipech F‘k&ﬁ’ieﬁ hep‘BTtF‘%Cﬁi ng slurry

stream r@ﬁfs&é &4 tﬁr mv%g PLandEdZ}id Bm@l%ﬁﬁ%éd‘;@ﬁiﬁlljﬂ@ﬂ dnabmechedye
copper - bas m crochi'p devi ces_can produce a

yproduct " ndi ng"
(pol i shi neplumsh baving ipp Sxcbprgeanedit GoatrfcAficEHn t "'y“l?.ﬁ eaFT a‘&%?rfﬁ#ws%’én ISt al
speci l giingiht homsedeuhetd] MU/ L to
20 abgﬁt 1%% Oﬁé{?én}ﬁaﬁ%udfg?%éFi%téﬁ/garggfg%??g%rﬁ}%@a chem cal mechani cal
slurry stsmas.at a flow rate of about 10 gpm typically including rinse
streans. However, because fabrication facilities typically operate a
plurality of such tools, a sufficient quantity of one or nore netals copper
can be present in the ag@RE@db@%&Eﬂi@Nﬂﬁw\Em%centratl on, quantity,
or volume that can represent an environnental concern, if di scharged
W thout further treatnment. For 25 exanple, a nmultiple copper CWVP tool
clustes can gereratanzbging d&m@pmmﬁilmacéwdleeirawnﬂqem@l@ r bdhe drewgs.t r eat ed

. oxj.d ddi ti Th
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met al spefapeese,-nt@i@dhmmnﬁfai Eﬁrrpu@oaﬂmpjfelautyheotcowmmczmpgwagmmz behabelgk nitric
aci d, hydr en per oxi (11202), ferric nitrate, and amoni um persul fate,

as wel | Rteseo ”E PH%t i ons t hereof 30Cther, non-liniting exanpl es
of oxi di zer S OFIGRN @CAEBOhRid iNeddden dfadadagtent mtmoﬁatmdanbc oithbesor

per bromates, chlorates, perchlorates, peroxygen conpounds, nitrate
corrpo&ﬁdsm"ﬁ’eﬁ'"&ﬂ f“é@cné“gé‘ﬁd&ﬁﬁ‘&%n’ per manganat e conpounds, and chromate

conpounds. ThegeXbdi ZiAGnARNsuGA ofa tleatmdde sﬁ[eﬁslambcdlﬁanw @itBbte oy Stream
at a concentration sufficient to facilitate rretal sol ution, e.g.

transiti oﬁloiﬁeﬁﬂéhwﬁil&éwf@ﬁlm‘ﬁm%?s@ﬁ%kﬁ?ﬁéﬂE’EW "éc}rﬂf‘g ration of the one or
mor e oxi di zi ngpRRL §scﬁ@rﬁatRQLl§sttm{1@1{i§ftd BRAQHn: FftciDddseriiedPh ERdhpled Nard r ange
fromabout 50 ng/L to about 1,000 ng/L. 50ne or nore chelating agents, such
as citric4acid or amonia, also can be present in the byproduct slurry

st rear{‘%t o be tf]]%attl?ﬂascﬁ)grﬁétﬁ:eﬂlﬁ a&Qn 1??%% liﬂottlﬁ:‘i ﬁeﬁﬁhxﬂts%t&hﬂgscﬁﬁé‘d ar nore
transition netals therein 1n solUtio lurry wastewater stream can

al so haveEsahplds; @d particul ates, typi caI I y sized in a range from about
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Conpl exi ng agents, such as gluconates, tartrates, citric acid, and anmoni um
hydr oxi de, that facilitate etching or enhancing the corrosion rate of
transition netals, such as copper, may al so be present in the CW slurry
stream Table 1 lists cormmon CWP slurry streamconstituent as well as their
typical concentrations. 15 Table 1. Typical CWMP Slurry conposition.
Constituent Concentration Dissolved copper 5-100 ng/L Total solids
500-5,000 ng/L 50-1,000 ng/L Oxidizing agents Etchan s 200 ing/L

Conmpl exi ng agents 10-400 ng/L D1 water background 99% + pH 6 to 7

Not abl y, ion exchange nedi a suppliers and equi pnent manufacturers encourage
particul ate material renoval ahead, i.e., upstream of ion exchange and
carbon systens and enphasi ze that solids renoval operations form an
essential aspect of pretreatnent systens 20 because particles can bind and
bl ock the active nedia and operate as a particulate filter. Consequently,

wi t hout renoval thereof, the suspended solids undesirably accumul ate
resulting in an increase in pressure drop across the resin and/or carbon
bed. The increased pressure drop typically further results in channeling



matter can al so coat the ion exchange nedia, reducing the rate of diffusion
of the ionic - 8 - species to and from nedi a. Indeed, ion exchange nedi a
manuf acturers further proscribe pre-treating the streamto be treated to
renove or neutralize soluble constituents that degrade the ion exchange
medi a. Such species include, for exanple, oxygen, ozone, chlorine, hydrogen
peroxi de and ot her oxidants or oxidizigg species or agents. Thus, prior art
systenms utilizing 5 ion exchange nedia include one or nore pre-treatnent
unit operations that renmove sygirAREhis@t@gi@ed/ or oxidi zing speci es.

The systens and techniques of the invention, in contrast, inventively
elimnates, if not reduces, the reliance on such additional conplexities in
treating partighl A& dh S EmitinGR PBYca8L50 tff@&&aﬁfs%ﬁ%h@tn%mﬁgﬁcﬁthgx' di zi ng
speci es. 10l n accordance wi th one or re aspects e 1on exchange nedi a
utilized afrﬁngﬁéeréyéwﬁrmnanﬂsqt &xthni thedsllofing Aesciipticony ilbutrgehprtises, consists
essent i al f |
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noi eti es, ically as a rou n a subst one or nore
functi onaf” é&gffﬁ?edgﬁlsﬂlék?gﬁﬁﬁi‘?ﬂgﬁ ‘éﬁ?‘ﬁ%@ﬂefiﬁaﬁ eﬁlfst“g‘g rb’gﬁe%ﬁ‘ nd or
i Mobiibi ze onenatcornee &ak gﬁoxsﬁﬁ@bxﬁsodirh@:{lﬁbhé iabdrgieh bRgideesm@al afid om a
carrying fluid or fluid to bhe treated, or at |east a reductlon in a

concent r attFBHIUeh BrbiERover Y &t lefst fedigrerQnateRERionss. Bakians He 2 selpiendie or nore

target spaeh@s IfindRsous gxdééss&tdﬁa EVtERs SR RGhtbR n{a 8c LB XCRARYE Nedi a
mat eri al through the one or nore functional groups. e one or nore pendant

groups caffiE "SuphpsictER coRdcspBIcY ﬁwetab’fonmfwewr@@pﬁm g streas ety PiEHbt

conpri sesodeh® nlRNwaIGRARIB AR 1R 2 dBBERA A ith AHS cofRBinlcAR, @ ahengm media can
conprise a first region having a first functionality and a second region
havi ng® a He¥WEndYFiaRe pIbiReimaups thEjerpes or stieaspsdyes thecsenpragéoREdPg % an
conpri se ARy RS mofh! HYPESH 9$1u§6{§ hn{]/ep&;eaﬁ@eédmgﬁﬁy R @hol Al boUs
concentrations or densities thereo at provides a sired [ oadi ng

capaci ty. suvpraged fobiels efeanefFised totiercings pestiehiategeateriad, such ansihay ereatii Fst regi on
conpri si ng,a cﬁéé@thmé &Q&Ltmgr de?de@ sols arnﬁttecﬂx‘?igﬁés tat 04 &B”&%’é‘}eﬁﬁﬂé&a& the
typically on a vo asi s one or Second. regions conprising a
second f urwténgradn off mppexabnsa"icmemm rma‘g slory sioeanst fer emiembﬂ thy porcesses
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aspects to ovide 11 ex ﬁ? speci es but
can corrprpcéxehmgmiusaﬂerm‘qhmmcahnadhangcailpphshmg (@MP) of mteglalteti famumﬂzlgance wth one
or nore e e i nvgnu on can

ot ovi de. A ARINEHEET kS o HEL S APMoLhERE ISR 8P hESRbRREREER: on o
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ions with a treatnment system conpris consistjng essentia
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medi azs pratiemabdhy wabithastdiRenbesaRGoiaiRcopRinain Pfond@uiatsn BEs than
partlculates and/ or priagr_ renoval or reduction of oxidizing species by
catalytlé‘@ G%@J@glﬁgrﬁwﬁl Contacting the stream can involve introducing
the streamintg a&e@a% R it AR S X GBBBERNREHS trbddm B dPWMBHR Fhobil AW eEbf ecti on
or in an upward flow direction. The invention can pertain to pretreatnent
syst ens tthanvemips copcomprisheapeyessaaiéilyiobpr capisrek opxpire jongrehanget r eat ment
syst em C%ht%?&taﬁ@r{s (B8 vad RERYEtho Bl BmbR kel BENE Bk EANGAALE Bulign OF any
oxi di zer present 1n the strea treate For exanple, the
pr et r #at rﬁélnmnsay@tcemcmdﬂ thaonead ueee gwy gjyeatil avitdbledpf dischiavgs t¢ tduct i on of the
oxi di zer. re d but
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t echni queke xnicﬁﬁioecmt mﬂq:em,mahsmesshmauyaﬁ, ot atnsist bf dnzien exvhaye snimystem

el ectrochem cal cells conprising an anode and cat hode (el ectrodes)
connected to an electrical source to introduce an electrical current into a
| iquid. The cell can be configured as a batch tank, a flow through pipe, or
ot her configuration in which the solution containing the oxidizer cones
into electrical conmunication with the el ectrodes. In such an arrangenent,
one or nore of the electrodes is 20depl eted of electrons, which are
transferred to the other el ectrode through the external connection.
Reduction reactions can occur at the cathode and oxi dation reactions can
correspondi ngly occur at the anode. Supplied current as, for exanple, a



The ion exchange nedia typically conprises a chelating functionality
pendent on a cross-|linked pol ynmer backbone. The supporting substrate or
backbone of nobst ion exchange resins is typically conposed of |ong chains
of polystyrene. Resin manufacturers typically inprove the strength and to
render the resins insoluble in water and/or non-aqueous sol vents,

pol ystyrene chains are typically reactgd with a crosslinking agent such as
di vi nyl benzene (DVB). The reaction typically joins nultiple chains of

pol ystyre o] : i Ldizar: and
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25  more target species,
The systems and techniques of the invention can also be utilized to effect
concentration reduction of contaminants such as, but not limited to, transition metals, from
one or more streams comprising entrained particulate materials. Solids or particulate
materials are defined herein using Standard Methods 2540 B, Total Solids Dried at 103-
30 105° C (1998, 20" Ed.).
In accordance with one or more embodiments, the systems and techniques of the

invention removes metal ions such as, but not limited to copper metal ions, from a



EXAMPLES 10The function and advant ages of these and ot her enbodi nents of
the invention can be further understood fromthe exanpl es bel ow, which
illustrate the benefits and/or advantages of the one or nore systens and
techni ques of the invention but do not exenplify the full scope of the

i nvention. In the exanpl es, copper in solution was neasured
according to Standard Methods 15 3120 _B,_ Metals by Inductively Coupled
Plasma (1 CP) Method or 3125 B, Inductively Coupled Plasna/ Mass Spectronetry
(1 CP/ MB) , [ i r cording to
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t he amount of copper that can be | oaded per unit volunme of resin typically
decreases with degradation. Conpared to virgin resin, therefore, the val ue
is less than 1.0 for oxidizer- 1.0exposed resins. The data in Table 3
show that the capacity of the ion exchange resin can degrade with prol onged
exposure. Further, the rate of degradation accel erated at hi gher oxidizer
concentrations. 15 Table 3. Effect of Oxidizer Exposure on |Im nodi acetate
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be present in the slurry stream at a concentration sufficient to facilitate metal dissolution, e.g.
transition metal dissolution. For example, the concentration of the one or more oxidizing
agents can be at least about 50 mg/L, typically in a range from about 50 mg/L to about

1,000 mg/L..

One or more chelating agents, such as citric acid or ammonia, also can be present in
the byproduct shurry stream to be treated, typically to facilitate maintaining one or more
transition metals therein in solution. The slurry wastewater stream can also have solids or
particulates, typically sized in a range from about 0.001 to about 1 wm, at a level or
concentration from about 500 to about 5,000 mg/L (about 500 to about 5,000 ppm) or even
up to 20,000 ppm. Complexing agents, such as gluconates, tartrates, citric acid, and
ammenium hydroxide, that facilitate etching or enhancing the corrosion rate of transition
metals, such as copper, may also be present in the CMP slurry stream. Table 1 lists common

CMP slurry stream constituent as well as their typical concentrations.

Table 1. Typical CMP Slurry composition.

Constituent Concentration
Dissolved copper 5-100 mg/L
Total solids 500-5,000 mg/L
Oxidizing agents 50-1,000 mg/L
Etchants 200 mg/L
Complexing agents 10-400 mg/L.
DI water background 99% +
rH Gto7

Notably, ion exchange media suppliers and equipment manufacturers encourage
particufate material removal ahead, i.e., upstream, of ion exchange and carbon systems and
emphasize that solids removal operations form an essential aspect of pretreatment systems
because particles can bind and block the active media and operate as a particulate filter.
Consequently, without removal thereof, the suspended solids undesirably accumulate
resulting in an increase in pressure drop across the resin and/or carbon bed. The increased
pressure drop typically further results in channeling phenomena, wherein the fluid stream to
be treated is direcied to a flow path of least resistance, effectively circumventing at least a
portion of the bed, limiting the contact to the bulk of the process fluid. This results in high
contaminant leakage and poor effective bed capacity. The suspended solids and colloidal

matter can also coat the ion exchange media, reducing the rate of diffusion of the ionic

0. 86
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species to and from media. Indeed, ion exchange media manufacturers further proscribe pre-
treating the stream to be treated to remove or neutralize soluble constituents that degrade the
ton exchange media. Such species include, for example, oxygen, ozone, chlorine, hydrogen
peroxide and other oxidants or oxidizing species or agents. Thus, prior art systems utilizing
ion exchange media include one or more pre-treatrnent unit operations that remove such
particulates and/or oxidizing species.

The systems and techniques of the invention, in contrast, inventively eliminates, if not
reduces, the reliance on such additional complexities in treating particulate streams, which
may also contain one or more oxidizing species.

In accordance with one or more aspects, the ion exchange media utilized in the
systems and techniques of the invention comprises, consisis essentially of, or consists of one
or more materials that can form or promote formation of one or more chelate complexes with
the one or mote target species. For example, the ion exchange media can comprise one or
more functional groups that can form one or more ligands or complexes with one or more
metal species. Thus, in accordance with some aspects of the invention, the ion exchange
media coraprises one or more ligands or chelating moieties, typically as a pendant group on a
substrate. The one or more functional groups can have any suitable functionality that can
bind or immobilize one or more taiget species thereby effecting removal from a carrying fluid
or finid to be treated, or at least a reduction in a concentration thereof. Thus during treatment
operations, the one or more target species can be bound or otherwise secured to the ion
exchange media material through the one or more functional groups. The one or more
pendant groups can be supported on a polymer, or other supporting media, that comprises the
ion exchange media material. Thus, the ion exchange media can comprise a first region
having a first functionality and a second region having a second functionality. Further, the
ion exchange media can comprise any number or types of such functional groups at various
concentrations or densities thereof that provides a desired loading capacity. Thus, for
example, the ion exchange media can have a first region comprising a functional group at a
first density or concentration, typically on a volume basis, and one or more second regions
comprising a second functional group at a second region, or other density or concentration.
The first and second regions can differ in one or more aspects to provide flexibility in

capturing one or more target species but can comprise the same functional group.
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boiling point (about 100° C). At the elevated temperature, reactions, including the rate of



Test Sol ution Conposition Copper (ng/L) 40 40 40 BTA (ng/L) 500 500 500
Na2SO4 (ng/ L) 800 800 4,500 Citric Acid 0 500 0 PH 3 3 3 11202, before
treatment (ng/L) 200 200 1,000 Run BV Breakthrough (to about 30 nag/L)

"Bl ank"

15

20

25

30

"Citric" "Sulfate" 1 2,000 1,920 2,140 2 1,900 1,640 2,320 3

-10 -

reduction or decomposition reactions typically increase thus promoting the destruction of the
one or more oxidizing species.

The complexing ion exchange media typically comprises at least one complexing or
chelating functionality. The functionality comprises any group, typically a multidentate
group, which forms a complex with the target species. For example, the ion exchange media
can comprise an iminodiacetic functional group on a polymeric backbone. Other functional
groups that can be utilized in accordance with one or more embodiments of the invention,
include, but are not limited to, polyamine, bispicolylamine, and aminophosphonic groups.
The selection of the functional group may depend of several factors including, for example,
the affinity for a target species. Thus, for example, the selection of the one or more
functional groups to be utilized may depend on the target metal species, e.g. a transition
metal, which can be any one or more of copper, lead, nickel, zinc, cobalt, cadmium, iron,
tantalam, silver, gold, platinum, paliadinm, iridium, rhodivm, ruthenium, manganese,
tungsten, and hafnium and/or gallium.

As exemplarily shown in FIG. 1, one or more collection tanks 30 may be utilized to
coliect one or more streams to be treated from one or more CMP systems 20 prior to
processing in a treatment system 40. Optionally, an acid or a base (not shown) may be
introduced to adjust a pH of the stream to be treated.

In some cases, the treatment system can comprise two or more ion exchange beds
arranged in parallel or in series, or combinations thereof. For example, the treatment system
can comprise two trains each comprising a first jon exchange bed and a second ion exchange
bed downstream of the first bed. The first ion exchange be can be considered as the primary
bed, typically removing or reducing the concentration of the target metal species in the slurry
stream and the second, downstream ion exchange bed can be considered as the polishing bed
that removes any residual target species. The primary and polishing beds may be
interchanged as necessary. For example, the primary bed can be replaced after a
predetermined period or upon a detection of an unacceptable condition, or concentration of
one or more target species in the exiting stream. The polishing bed can then be placed in the
primary position, and a freshly regenerated column can be placed at the polishing position.
The spent ion exchange bed can be reconditioned and/or regenerated.

The ion exchange media typically comprises a chelating functionality pendent on a

cross-linked polymer backbone. The supporting substrate or backbone of most ion exchange
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Table 2. Typical properties of ion exchange resin.

8 NA<0.3 26 0.033 2 1 8--
27.6 0.032 3, 360

Characteristic Value
Bead size min. 90 % 0.4-1.23 mm
Effective size 0.55 mm
Uniformity coefficient 1.7
Bulk weight (+/-5 %) 800 g/L
Density 1.18 g/ml
Water retention 50-535 wt %
pH range 0-14
Functional group iminodiacetic
Structure IMACLGPOrous
Matrix cross-linked polystyrene
Minimum Capacity 2.2 eq/L in H" form

Regeneration of the laden, typically saturated, ion exchange media may be effected by

utilizing one or more mineral acids, such as sulfuric acid, to remove the complexed metal

species. Hydrochloric acid may be advantageously utilized in some cases.
EXAMPLES

The function and advantages of these and other embodiments of the invention can be
further understood from the examples below, which illustrate the benefits and/or advantages
of the one or more systems and techniques of the invention but do not exemplify the full
scope of the invention.

In the examples, copper in solution was measured according to Standard Methods
3120 B, Metals by Inductively Coupled Plasma (ICP) Method or 3125 B, Inductively
Coupled Plasma/Mass Spectrometry (ICP/MS) Method (1998, 20" Ed.).

Solids levels were measured according to U.S. EPA Method 160.3.

Hydrogen peroxide concentration was measured by direct titration with standardized
potassium permanganate reagent.

The ion exchange resin utilized was LEWATIT® TP207 weakly acidic, macroporous
ion exchange resin with chelating iminodiacetate groups, which was acquired from Sybron

Chemicals Inc., a LANXESS Company, Birmingham, New Jersey.
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Example 1. Performance of Ion Exchange Resin Exposed to an Oxidizer.

In this example, a treatment system in accordance with one or more embodiments of
the invention including an ion exchange colunn utilizing a chelating ion exchange resin was
exposed to an oxidizer. The effective capacity of the exposed ion exchange resin was used to

5  characterize deterioration and effect on its performance.

The treatment system is schematically shown in FIG. 2. The systemn consisted
essentially of an ion exchange column 210 including ion exchange resin therein. A pump 214
was used to withdraw a copper-containing solution from a source or feed tank 212 and
introduce into ion exchange column 210. An effluent holding tank 216 was utilized to collect

10 the treated fluid from ion exchange column 210. No recirculation of the solution was
performed so that the ion exchange material was exposed to a solution having the same initial
and final copper concentration. Prior to the first run, the resin was preconditioned by
hydrating it for at least twenty-four hours in deionized water, then converting it fully to the
acid form by exposure an about 10 % hydrochloric acid solution.

15 The ion exchange column had a resin bed that was about 1.5 cm in diameter and was
about 16 cm deep.

Several runs were performed by exposing the resin bed to various oxidizer-containing
solutions. The solution was also comprised of about 40 mg/L, of copper species, as a salt of
the sulfate. Exposure was performed by passing the various solutions through the ion

20  exchange column for about eight hours and holding at a dormant, non-flowing condition for
about sixteen hours of each day. The pH of the solution was adjusted to be about 3 pH units
by adding sufficient sulfuric acid.

The oxidizer used was hydrogen peroxide at the various conceniration levels noted in
Table 3. Table 3 further lists the measured capacity of the ion exchange bed after exposure at

25  various time intervals during exposure. The capacity of the bed was normalized relative to
unexposed resin. Specifically, ion exchange resin not exposed to an oxidizer was designated
as having a capacity of 1.0 and the resin capacity during exposure was designated refative to
the unexposed capacity. Thus, for example, oxidizer-exposed ion exchange resin having a
capacity that was determined to be about half of the unexposed resin was designated as

30 having a capacity of about 0.5, Determination of resin capacity can be performed by relative
saturation. For example, the resin can be stripped of the metal by regeneration with an about

10 % hydrochloric acid solution, About two liters of a copper sulfate solution, containing
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463 <0.3 31.5

about 3,000 mg Cuw/L, is passed through about 25 ml of resin to completely exhaust the ion

resin exchange sites with copper species. Excess copper solution is rinsed from the resin.

The copper is stripped from the resin with about 0.5 L of an about 10 % hydrochloric acid

solution. This strip solution is captured and analyzed for total copper content. The amount of

copper determined therein relates directly to the number of usable exchange sites per unit

volume of jon exchange resin (virgin resin being assigned a value of 1.0). It is believed that

exposure to oxidizing species or reagents renders some exchange sites unusable so the

amount of copper that can be loaded per unit volume of resin typically decreases with

degradation. Compared to virgin resin, therefore, the value is less than 1.0 for oxidizer-

exposed resins.

The data in Table 3 show that the capacity of the ion exchange resin can degrade with

prolonged exposure. Further, the rate of degradation accelerated at higher oxidizer

concenirations.

Table 3. Effect of Oxidizer Exposure on Iminodiacetate Resin.

H,0, Concentration
{mg/1.)
Exposure
Time 0 50 100 500 1,000
{hours)
0 1 1 1 1 1

264 1 1

384 1 1 1
552 1 0.94

672 0.99 0.97 0.89
936 1.03 0.86 0.77
1056 (.99 (.99

1320 I (.94 0.91 0.82 0.71
1560 0.99 0.7 0.58
1584 0.94 (.88

1776 1.01 0.95 0.91 0.66 0.51
1968 0.92 (.88 .
2016 0.98 0.58 0.43
2256 0,52 0.38
2280 0.92 0.86
2496 0.87 0.83
2784 0.89 0.82
3144 .88 0.80
3384 0.82 0.75
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Example 2. Performance of Jon Exchange Resin When the Oxidizer is Chemically
Neutralized.
In this example, a treatment system in accordance with one or more embodiments of
the invention comprising an ion exchange column with chemical neutralization of an oxidizer
5 was evaluated for metal treatment capacity. The treatment system is schematically shown in
FIG. 2 and has been substantially described in Exarple 1. The neutralizing or reducing agent
was sodium metabisulfite. However, other reducing agents such as sodinm bisulfite and
sodium sulfite, can be utilized. The neutralization of hydrogen peroxide with sodium sulfite,
sodium bisulfite, or sedium metabisulfite results in formation of sodium sulfate (NaxSOy).

10 The initial concentration, prior to neutralization, of hydrogen peroxide in the solution to be
treated is listed in Table 4. ‘The resultant concentration of sodium sulfate product is also
listed. The initial concentration of metal species, copper (sulfate), for each test run solution
was about 40 mg/L. The starting pH of each solution was about 3 pH units.

The ion exchange column had a resin bed that was about 1.5 cm in diameter and was

15  about 16 cm deep.

Citric acid was included as an organic chelator for copper and is typically used in
copper CMP slurry formulations. It typically complexes the copper ions produced during a
copper CMP process so that precipitation and/or re-absorption onto the semiconductor
surface of such species are inhibited. Organic chelators bind copper to varying degrees.

20 Typically, the stronger the force binding copper in the chelate, the more difficult it is for jon
exchange resins to remove the copper from the chelate and take it up on the ion exchange
resin. High salt background can also impair copper sorption from the solution onto the resin,
in this case by high ionic background. When chemical redncing agents, like sodium bisulfite,
are used to chemically decompose oxidizers, like hydrogen peroxide, the resulting chemical

25 reaction increases the total solution fonic background. Specifically, the reaction between
sodium bisuifite and peroxide can yield sodium and sulfate ions in solution. The higher the
oxidizer concentration, the more bisulfife is required to neutralize and, therefore, the greater
the resulting ionic background.

Table 4 lists the number of equivalent bed volumes (BV) passed throngh the resin bed

30 before effluent therefrom was found to be about 30 mg/L, designated as breakthrongh
condition, or about 75 % of the influent metal concentration. Table 4 compares copper

loading on the ion exchange for three cases. The “Blank”, or baseline, case shows copper
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loading when no chelator (e.g. citric acid) is present and with only a small ionic background
loading. The “Citric” case shows copper loading when an amount of a chelating agent, citric
acid, at a level typically present in copper CMP wastewater, is added to the baseline. In this
case, little additional ionic background results since citric acid is only partially ionized in
5 solution. The “Sulfate” case shows copper loading when the ionic background is

significantly increased in the absence of citric acid. The amount of sodiurn sulfate salt is
equivalent to that formed if about 1,100 ppm of hydrogen peroxide were removed by sodium
bisulfite (in the other two cases, the amount is equal to removal of about 200 ppm of the
peroxide). The results show that the citric acid and sulfate cases are essentially the same as

10 the baseline case and the increase in background ionic loading by use of a chemical reducing
agent has no appreciable negative impact on copper removal by the ion exchange resin,

regardless of whether citric acid is present.

Table 4. Effect of High Sulfate Exposuxe.

Test Solution Composition
Copper
(mg/L) 40 40 40
BTA
500 500 500
(mg/L)
NaZSO4 . .
(me/L) 800 800 4,500
Citric Acid
(mg/L) 0 500 0
pH 3 3 3
H,0,, before treatment 200 200 1,000
(mg/L)
BV Breakthrough
Run (to about 30 mg/L)
‘&Blankﬂ‘} “Citl‘ic” “Sulfate”
1 2,000 1,920 2,140
2 1,900 1,640 2,320
3 2,080

15
BTA is 1, 2, 3-benzotriazole. BTA is an “alkyl/aryl triazoles anti-tarnish” component

that is typically present copper CMP slurry formulations. BTA typically prevents copper
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oxide formation on the polished copper remaining on the semiconductor device during and

after CMP processes.

Example 3. High Total Solids Streams.

This example shows the performance of a treatment system in accordance with one or
more embodiment of the invention in treating a slurry stream from a CMP process.
Evaluation was performed for about twenty days. This test also shows the effectiveness of
copper uptake by the resin even in the presence of an oxidizer.

The system, schematically illustrated in FIG. 3, was comprised of an ion exchange
column 310 downstream of a carbon column 311. A pump 312 was utilized to drive a CMP
solution from a feed tank 314 through carbon column 311 and ion exchange column 310. A
sample point 316 was disposed between carbon colnmn 311 and ion exchange column 310.
Treated fivid from ion exchange column 310 was collected in collection tank 318.

The system was operated about eight to twelve hours per day, shut down at the end of
each day and restarted the next day. After twelve days, ion exchange testing was stopped and
hydrogen peroxide removal by carbon continued for an additional eight days. Flow of the
slurry feed solution through the carbon and ion exchange tanks was even and steady
throughout the test, indicating no solids build up on either media. Examination of the media
at the conclusion of the test showed no slurry solids accumulation in either media.

Simuiated copper CMP slurry wastewater was prepared. Aliquots of commercially
manufactured copper CMP slurry concentrate were diluted to the total solids test conditions.
The slurry solution was prepared by diluting commercially available copper CMP sluiry and
adding hydrogen peroxide and copper sulfate to simulate copper CMP slurry wastewater.
Calculated amounts of copper sulfate (as crystalline technical grade CaSO4-5H,0) from
Chem One Ltd., Houston, Texas, and hydrogen peroxide (about 30 % HyO3, electronics
grade) from Ashland Specialty Chemical, Dublin, Ohio, were added to the influent slurry
solution, The hydrogen peroxide concentrations of the shury stream in and out of the ion
exchange resin bed are listed for each day in Table 5. Similarly, the inlet and outlet copper
concentrations along with the solids inlet concentration are also correspondingly listed. The
pH was adjusted to about 3 pH units by adding sulfuric acid. Particle size of the solids was in

the range of from about 0.001 um to about 1 pn.
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Ton exchange column 310 had a resin bed that was about 8 inches in diameter and was
about 40 inches deep. Carbon column 311 was about 14 inches in diameter and was about
40 inches deep. The carbon utilized was CENTAUR® granular activated carbon, available
from Calgon Carbon Company, Pittsburgh, Pennsylvania.

5 Samples were retrieved and analyzed at the indicated hours listed in Table 5. The
data in Table 5 shows that even with total solids loading of up to about 4,500 mg/L,, copper
can still be removed. Further, the removal of hydrogen peroxide need not be performed for
effective copper removal as shown by the results from runs performed on days 4, 5, and 7.
The total solids in the test in Table 5 are largely from the slurry particulate solids themselves,

10 ie., the silica and alumina used for grinding and polishing. Very little of the solids are from

dissolved ions like copper and sulfate.
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Example 4. Hydrogen Peroxide Removal with Carbon and Filter Media.
In this example, a waste slurry stream from a CMP process was treated in a treatment
system comprising a pretreatment subsystem. The treatment system, substantially shown in
5  FIG. 3, was comprised of a pretreatment system 311, which was a carbon column or a filter
media column, and an jon exchange column 310. A pump 312 was utilized to introduce the
solids, oxidizer, and copper containing solution from feed tank 314. Treated slurry was
collected and sampled in a collection tank 318.
Hydrogen peroxide in the slurry stream was removed and/or nentralized by utilizing
10 the pretreatment system having CENTAUR® granular activated carbon, available from
Calgon Carbon, Company, Pittsburgh, Pennsylvania, or with BIRM® granular filter media,
available from Clack Corporation, Windsor, Wisconsin. The CENTAUR® granular activated
carbon system consisted essentially of a column about 8 inches in diameter and about
40 inches deep. The BIRM® granular filter media subsystem consisted essentially of a
15 column about & inches in diameter and about 20 inches deep. For each of the runs, the
corresponding ion exchange column had about the same dimensions as the respective carbon
or filter media columas.
The influent and post treatment copper total solids and hydrogen peroxide
concentrations in the slurry stream are listed in Tables 6 and 7. The data shows that both
20  pretreatment systems can reduce or remove hydrogen peroxide concentration and that copper

species was effectively removed by the ion exchange column.

Table 6. Oxidizer Removal by Granular Activated Carbon.

2 8 e 9 Copper .
g :e«é % Concentration To(t;i S‘,E})lds (ﬁz?ﬁ)
w7 (mgl) & 5
POST POST POST POST
N | gesv | ™ carson | resiv | N carBoN
i 0 | 308 | 0018 | 2,020 | 2,100 1,660 204 <1
2 | 15 | 31.8 | 0043 | 2810 | 3,170 2,580 198 <356
3 | 35 | 325 | <0.016 | 2,520 | 2,605 2,400 204 <1.3
4 | 55 | 314 | 0021 | 2510 | 2550 2,390 185 <14
5 | 75 | 346 | 0021 | 2680 | 2,640 2,550 209 <1




Time (hours) Copper Concentration (ng/L) Total Solids (ng/L) 14202 (ng/L)
IN POST RESIN IN POST BIRMr) POST RESIN IN POST BIRMr) 1 0 28.3 0.186
2,920 3,430 2,510 214 95 2 1.5 29.2 0.322 2,750 2,910 2,750 NA 88 3 3.5
29.5 0.844 2,870 2,890 2, 840

w21

Table 7. Oxidizer Removal by Granular Filter Media.

L g P Copper - .
g §§ 21 Concentration 'Io(tal S/;)I)lds (iz?ﬁ)
o |mE Q (mg/L) g/l g
POST POST POST POST
N Tresv | ™ | grve | resiv | N | BRMo
1 0 28.3 0.186 2,920 3,430 2,510 214 95
2 1.5 28.2 0.322 2,750 2,910 2,750 NA 88
3 35 205 0.844 2,870 2,890 2,840 NA 108
4 5.75 30.6 2.87 2,820 2,895 2,840 NA 161
5 1.75 30.5 2.84 2,790 2,810 2,840 201 170

(NA = not analyzed)

Example 5. Performance of fon Exchange Varying Total Solids and Hydrogen Peroxide
5  Concentration.
Shurry wastewater obtained from a commercial copper CMP process was used to
evaluate oxidizer and metal removal by a pretreatment subsystem with a carbon bed and a
treatment system with two ion exchange beds as schematically illustrated in FIG. 4. The
carbon bed 510 was comprised of about 3.6 ft’ CENTAUR® granular activated carbon and

10 the jon exchange beds 512 and 514 were cach comprised of about 3.6 f* LEWATIT® TP207
weakly acidic, macroporous ion exchange resin with chelating iminodiacetate groups. The
slurry fluid was introduced from feed tank 516 into the system by utilizing pump 518. Total
solids, hydrogen peroxide, and copper concentrations were adjusted to the values shown in
Table 8 using supplied raw copper slurry, about 30 % hydrogen peroxide, from Ashland

15 Specialty Chemical, and copper sulfate pentahydrate, from Chem One Ltd. The pH was
adjusted to the levels shown in Table 8 by adding an about 25 % sulfuric acid solution,
diluted at a ratio of about 1:1 with detonized water, The treated stream from ion exchange
columms 512 and 514 were collected in collection tank 520.

Sample for analysis were retrieved at sample point 522 and at collection tank 520.

20 Table 8 lists the inlef and properties of the slurry fluid for various test runs. The data show
that copper was effectively removed even without the removal of hydrogen peroxide by the
activated carbon subsystem as noted in test numbers 2, 4, 5, and 10. The data also show that
treatment can be effected even on slurry streams having solids up to about 20,000 ppm.

Indeed, at a solids loading of nearly 20,000 ppm, the effective metal removal still exceeds
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Example 6. Photochemical Pretreatment by Electromagnetic Irradiation.

In this example, removal or reduction of hydrogen peroxide from a typically CMP
slurry stream was effected by techniques having no chemical addition. The nonchemicatly-
based oxidizer reduction was effected by a pretreatrnent system based on photochemical

10 reduction involving exposure to ultraviolet (UV) electromagunetic radiation as substantially
illustrated in FIG. 5.

The pretreatment system 610 utilized a Model # AMD150B1/3T UV assembly, from
Aquionics Inc., Erlanger, Kentucky, with an about 1.6 gallon volumetric capacity UV cell
612 having a 185 nm wavelength, model # 130027-1001 medium pressure UV lamp 613.

15  The lamp was operated at about 1 KW and powered by a power source 614. The solution to
be treated, prepared as substantially described below, was pumped through the medium
pressure UV cell 612 from a feed tank 616 using a pump 618 at a {low rate of about
0.75 gpm. The applied dosage of UV radiation at this flow rate was about
4,000 microwatt-sec/cubic centimeter. The jrradiated fluid was collected in a collection tank

20 620.

The slurry stream was comprised of a mixture of silica-based and alumina-based
commercially available copper CMP slurry concentrates diluted in deionized water in a ratio

of about 1:1:40. The pH of the slurry stream was adjusted to about 3 pH units with sulfuric



(mg/L) H202 (ng/L) Copper Renoved (% 11202 Renoved (% 1 3 3.5 12,795 54.9
64.6 99.6 100 2 4 5.4 6,044 8.98 43.8 99.4 8.7 3 2 1.6 8,532 9.02 1,632
98.1 94.6 4 4 1.6 4,932 97.6 672 100 88.6 5 4 5.4 15,240 84.5 2,074
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acid. A melal species was added to the shurry stream as copper suifate pentahydrate. The
oxidizer was added to the solution using a calculated aliquot of about 30 % electronics grade
hydrogen peroxide. The concentrations of the oxidizer and metal species prior to treatment
are listed in Table 9. The data show that a pretreatment system comprising UV radiation

5 techniques can reduce the oxidizer concentration.

These tests did not use ion exchange resin but focused on photochemically removing
or reducing the concentration of oxidizing species. However, as shown in the tests in the
above examples, the metal species, copper, would have been effectively removed by utilizing
one or more embodiments of the reatment system of the invention.

10 Tt is expected that the higher UV dosage levels, longer retention time in the UV cell,
and other technigues can further improve oxidizer species reduction; however, as noted in the
examples above, especially with respect to Examples 4 and 5, it is not necessary to remove all

the oxidizer species to achieve metal removal.

15 Table 9. Hydrogen Peroxide Decomposition by Irradiation.

Flow Total Influent Influent H,0o
Test pH Rate Solids H,0, Copper Reduction
(gpm) | (mg/) | (mg/L) | (mg/l) (%)
1 6.6 0.75 3,500 470 30 15
3 0.75 3,500 300 30 33
3 3 0.75 3,500 200 30 18

While the invention has been described in conjunction with several embodiments, it is
to be understood that many alternatives, modifications, and vartiations will be apparent to
those skilled in the art in light of the foregoing description. Accordingly, this invention is

intended to embrace all such alternatives, modifications, and variations which fall within the

20
spirit and scope of the appended claims.

Having now described some iHustrative embodiments of the invention, it should be
apparent to those skilled in the art that the foregoing is merely illustrative and not limiting,
having been presented by way of example only. Numerous modifications and other

25 embodiments are within the scope of one of ordinary skill in the art and are contemplated as

falling within the scope of the invention. In particular, although many of the examples
presented herein involve specific combinations of method acts or system elements, it should

be understood that those acts and those elements may be combined in other ways. For



99.3 51.6 6 2 5.4 6,140 87.3 663 99.5 100 7 3 3.5 10,305 42.8 1,887 99.5
100 8 3 3.5 10,630 45.3 1,802 99.2 100 9 2 1.6 17,750 83 7.39- 476 2, 142
99.7 96.3 96.4 74.9 10 2 5.4 19,180 11
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example, the invention contemplates the utilization of fluidized bed or similar unit operations
wherein the ion exchange media is effectively fluidized by appropiiately introducing the fluid
to be treated at one or more boftom ports at a sufficient flow velocity.
Further, acts, elements, and features discussed only in connection with one
5  embodiment are not intended to be excluded from a similar role in other embodiments. It is
to be appreciated that various alterations, modifications, and improvements can readily occur
to those skifled in the art and that such alterations, modifications, and improvements are
intended to be part of the disclosure and within the spirit and scope of the invention.
Moreover, it should also be appreciated that the invention is directed to each feature,

10 system, subsystem, or technigue described herein and any combination of two or more
features, systems, subsystems, or techniques described herein and any combination of two or
more features, systems, subsystems, and/or methods, if such features, systems, subsystems,
and techniques are not mufually inconsistent, is considered to be within the scope of the
invention as embadied in the claims.

15 Use of ordinal terms such as “first,” “second,” and the like to modify a claim element
does not by itself connote any priority, precedence, or order of one element over another or
the temporal order in which steps or acts of a method are performed, but are used merely as
labels to distinguish one element having a certain name from another element having a same
name (but for use of the ordinal term) to distinguish the elements.

20 Those skilled in the art should also appreciate that the parameters and configurations
described herein are exemplary and that actual parameters and/or configurations will depend
on the specific application in which the systems and techniques of the invention are used.
Those skilled in the art should also recognize or be able fo ascertain, using no more than
routine experimentation, equivalents to the specific embodiments of the invention. It is

25  therefore to be understood that the embodiments described herein are presented by way of
example only and that, within the scope of the appended claims and equivalents thereto; the

invention may be practiced otherwise than as specifically described.
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El ectromagnetic Irradiation. In this exanple, renoval or reduction of
hydr ogen peroxide froma typically CWP slurry streamwas effected by

t echni ques having no chem cal addition. The nonchem cally- based oxi di zer
reduction was effected by a pretreatnent system based on photochem cal 10
reduction involving exposure to uItray&g[et (UV) electromagnetic radiation
as substantially illustrated in FIG 5 The pretreatnent system 610
utilized a Model It AMD150B1l/ 3T W a@ﬁ%ﬁ@%y’ from Aquionics Inc., Erlanger,
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ﬁﬂher UV dosage |l evels, longer retention tine in the W

expected that .the g; ] y
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however, as noted in the exanpl es above, especially wth respect to
Exanplesng and_5, it is not necessary to renpve all the oxidizer species to
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| tradiati pseohgsl pH Flow Rate (gpna) Total Solids (ng/L) Influent H202
(ng/L%OIanuent Copper (ng/L) H202 Reduction (%9 1 6.6 0.75

6. The method of any one of claims 1-5, wherein the oxidizer comprises at least one
species selected from the group consisting of iodates, periodates, bromates, perbromates,
chlorates, perchlorates, peroxygen compounds, nitrate compounds, persulfate compounds,

permanganate compounds, and chromate compounds.

25
7. The method of any one of claims 1-5, wherein the oxidizer comprises at least one
compound selected from the group consisting of nitric acid, hydrogen peroxide, ferric nitrate,
and ammonium persulfate.

30 8 The method of claim any one of claims 1-7, wherein the at least one metal comprises

a metal selected from the group consisting of copper, lead, nickel, zinc, cobalt, cadmium,
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15 4. The nethod of claim2, wherein the ion exchange material conprises an
i m nodi acetate functional group. S.The nmethod of any one of clains 1-4,
wherein the oxidizer concentration is less than 1,500 ng/L. 6. The nethod
of any one of clains 1-5, wherein the oxidizer conprises at |east one

speci es selected fromthe group consisting of iodates, periodates,

bronates, perbronates, chlorates, perchjorates, peroxygen conpounds,
nitrate conmpounds, persulfate conpounds, pernanganate conpounds, and
chromat e conmpounds. 7. The nethod of any one of clainms 1-5, wherein the

oxi di zer conprises at | east one conpound selected fromthe group consisting
of nitri ci&ci dThdtyedmogesyspar abdade,l7f eardia theia leatt ene snel! @ammnl wee@eat sul f at e.
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The nmethod of any one of clains 1-8, wherein the particulate material has a
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slurry streaminto the ion exchange colum. 15 13. The nethod of claim1,
further cB#pHia®ing a step of neutralizing the at |east one oxidizer. 14.
The mgfhod of claim 13, wherein the step of neutralizing conprises adding
at | east 20one reducing species to the slurry stream 15. The nethod of
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el ectrochen, ¢al L¥aqghot ochenical Iy, or thernochem cally rendering the
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10 20. The treatment system of claim 16, further conprising nmeans for
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a conplex with the at | east one netal. 23. The treatnent system of any
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the neans for reducing the concentration of the at |east one netal from
25t he slurry stream



