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FIG. 1 is a schematic illustration of a treatment system in accordance with one
or more embodiments of the invention;

FIG. 2 is a schematic illustration of a treatment system in accordance with one
or more embodiments of the invention as described in Examples 1 and 2;

FIG. 3 is a schematic illustration of a treatment system described in Examples 3
and 4;

FIG. 4 is a schematic illustration of yet another treatment system described in

Example 5; and
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wastewater treatment plant such that the wastewater discharge stream contains copper
ions in a concentration less than about 0.5 mg/L (about 0.5 ppm). In accordance with
still further embodiments, the treatment system and techniques of the invention can
comprise, consist essentially of, or consist of, one or more ion exchange unit operations

that can remove the one or more target species from the one or more slurry streams and
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such as, but not limited to, aluminum and/or transition metals, such as copper and
tungsten, in one or more operations during fabrication operations of microchip devices
or components. Chemical mechanical planarization or polishing (CMP) is one
technique that can be utilized during the fabrication operations of such devices. CMP
operations can be utilized to produce smooth surface on such semiconductor devices.

Typical CMP processes utilize one or more polishing slurries to facilitate the
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at least about 50 mg/L, typically in a range from about 50 mg/L to about 1,000 mg/L.
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One or more chelating agents, such as citric acid or aminonia, also can be
present in the byproduct slurry stream to be treated 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 um, ata



conpounds, and chromate conpounds. The oxi di zi ng agent

can be present in the slurry streamat a

concentration sufficient to facilitate netal

%83947%&&3?:1: transition metal dissol uti 98T/UE:9JBG/026336
e concentratlon of the one or nor

OX|d|2|ng agents can be at |east about 50 ng/L

typlcally in a range fromabdut 50 ng/L to about 1, 000

i%*t or . nore chel ati ng agents, such as citric
°fd=Pn T AndTomy phayt é%towéoutés(@@engm i(aboti0by phantl 6,000

. r&onﬁﬁléﬂﬁﬁhﬁeﬂtsbﬁlch %?Eﬁl@&a 9 %ﬂﬁ T &t SeilBlng :%ol nittn

one or nmore transition ereln I'n so
Ridroside,thas fagiliate pighisg os cnleamgﬁm catregorhatesf tandifictsmernls,

SR OBk iy IR AL 17,3, LB00E LT EROUS o

001 to abodut
ﬁMfi’ ﬁl@@@@ﬁmaseuem as Weii/azi their typac@nténtbtian. f r om
about out 500 to about
5. 000" Oy B B b o BRlirs AL it i sncourage

pamzlrlac eEterla] mmo&alaheed i éi,l’li:j)sﬁm R Lo exbbﬁﬂé@@s@ﬁas ahdpat
bihcstol P Wt e GHORLR D i ontiilpoogit o istreativent

grsm rbbcause pdfm@wan Slodrany blikk 82Ton dabhifre mddiaSha opQIHRRE
ream constjtuent as well as their t{flcal

oﬁ%“Zaﬁ% ﬁﬁrr §?§S“3‘1RBI%W 1oyt grnQyRbiheisele thestspandadisplidser s

amdmelaw 1Pstg ifan HcAGEdIn %f‘e%sﬁé‘ S%gtra?:gngs rrt1h9 géfsfnl tell! #h€increased

mat er renop ahead
EREHE | %P E'Jéh%‘ ﬁdesugﬁmﬁwwng phenomsha, oréieregn&;v flnid
apenab b@aéatédqg Hiréfledttd R8T i SERAE fesﬁ%m%lr %ic%@%lg'fl -

%%§tens because particles can bind an

URFYE8 Ablansh 2 RAMion 96 Fh&tr@snaéedalungmgtm@mmebatmmehe resin
44 H&Q.‘I fiYid. WhishQles ﬁ)ﬁﬂ%}l\/@nw&rﬁgz{n? Pe Ell‘gte Qﬁd Isacl)’losr%e&] capac1ty

sol i accunul ate resu In an i nc

W&%ﬂ‘éﬁd@?b‘ﬁﬁ g colleidal h@ﬂt%@nmldoe‘dat tidhien bmmimnmﬁeﬂna
| t
e ral KRR ol ShARE 14 GRS misiel PSRt

phendnena,
pediemartfactuyers frthenproatribeqie-treming theasde st aﬂb‘@l;reated to remove or

(BRI ot T HRR bl T o ER Bt PasBinrcieing

1uqivédepfcm cxmapld, Iomygbn, d'zlmns, chiink tl@dtdgeﬁp@hxxﬂ@ﬁﬂd&iﬂ:é?@ﬁidants or

ﬁgﬁ@gﬁ?aa; Nelole]n aC|t¥ % suspended sol i ds
oI SRt t Tafts St%fs%ﬂeﬂ FH@W%W“—‘@W&W@’@
incdutleane or mdtmﬂ-geatdﬁéntﬁﬁltejp%tl&lsftﬁi! $ér@<§\/e%flcﬂ ﬁ’@nduﬁiﬂés%nd/or

es t.o fromnmedi a. .l on exchan medi a
ORI n Deife eﬂﬁ“f’ﬂ%?“dﬁ?%{ﬂ"Pw the @erty o inggnteask inventively

eHiniren) if fot bﬁiubése ic@élidnbe HLARN Bddfional %ﬁl@ilhgﬁg ﬁ@éﬂﬁg
pgﬁ@@tltuents t degrade the ion exchange nedi a

fiE Streams, RIGR may 3o £Qpiais| aae Obmygeecﬁudl@zgu BRECies.
chl orine, hydrogen peroxi de and ot her oxidants or
oxi di zi ng species or agents. Thus, prior art systens
utilizing ion exchange nedia



i nclude one or nore pre-treatnent unit operations that
renove such particul ates and/or oxidi zi ng speci es.
The systenms and techni ques of the invention, in
“19{]550&%58851 nventively elimnates, if not redﬂ@Fq?szoBé?(ﬁﬁssﬁ
rel'irance on such additional conplexities in treating
particul ate streans, which nay al so contain one or
more oxi di zi ng species. WO 2907/ 018854
PCT/ US2006/ 026336 -8- Table 1. Typical CWP Slurry
d8bp dsilypisel. CNB Slirsyicgmwesitomcent rati on  Di ssol ved
copper 5-100 m Total solids 500-5,000 ng/L Oxidizing
agents 50-1,000 ny/l _Etchants 200 ng/L Com |l exin
agent s {10- 400 Gpgstitte® wat er backgr olmgedQfon f1 6t 07
I n accodisalyed soppér one or nore [aspect5s100HgL 1 on
exchangdotmbehilids utilized in the| sysstemsoengdglechnilques
of the |iOxidizing agentsonpri ses, consi st soes@emgRl [y of ,
or congiBhsnts of one or nore materi al s26dw@g/.can fonm or
pr onot ¢ Coompieaing egenaf one or nofe chell@ki@ mgonpl exes
w t h t h@Ioaer backgroimel t ar get speci es. Fgog,exanpl e, |t he
i on exc¢lpHAnge nedia can conpri$e one Ok @Pr e
functional groups that can formone or nore I'Tgands or
conpﬁﬁxes gﬁth pne or nore netal species. Thus, in
accor QSRR3R Witd SReorare @srsciss the jonexchapagynpdip utilized in the
tysrm%ad RBBIBqUE df fhe SRRRIAS@IPR&, SinsiReSsehliAR M SorRbnsists
chel atin nmoi eties, typically as a pendant group on a
8 OF G0k matprialyihat ap forBy @ Premete fermation ofrave ot morehblatee
1645 wRR MR dnk BF ' ifat | ' ol héf
B o e e oL B eton SRR
2R SAPEN A wF mgrerfungtiongdrgreupg ithit can foam onearteats ligands at
d X i ' e [ wndhus
e pote il gl PhiChl Lrbidee G gofhd et of
thp bvprtionc thp itnexphaneeimodia oomprises see ampore digartds ot bieldtiap

BAEHRNGS; i dl hr h .t one or re.
f unct P%'ﬁ‘é’?ﬁ%%é 3)63 : I ‘}illé) ﬁ% ﬁ;é 28y %%treé qg%ﬂ%eaoﬁtmmg%&ﬁfﬁ%“% an
gHeups gppbave ady sitable fardctimeality that b bérd & igpmobilizégne e Giole

' h ion change nedia.material . Thus,
R R Rl Ol O R e e PTG b wted. o
ah@a?tmge@cﬁbu ta doncemtriifucthéreyf. Athdls uriipCesatndnepepations, the
ol?n@\ﬂ' ﬁgre%ar%gtcsggcqesfc%] %sta l)gur}%lc;r toMierulf:ilsJer st.eguerred to the ion exchange

media material through the one or more functicnal 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 loadin g capacity.
Thus, for example, the ion exchange media can have a first region comprising a
functional group at first density or concentration, typically on a volume basis, and one
or more second regions comprising a second functional group at a second, or other
density or concentration. The first and second regions can differ with respect to 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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Photochemical techniques typically provide an actinic radiation that promotes
one or more reactions. For example, the photochemical techniques can utilize

ultraviolet radiation to promote one or more reduction reactions.
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beds arranged in parallel or in series, or combinations thereof. For example the

treatment system can comprise two trains each comprising a first ion 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
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Treated slurry stream exits the treatment system in a state that is suitable for

discharge as discussed above. Optionally, the treated stream can be further treated in
one or more post-treatment systems (not shown). For example, solids may be removed
therefrom in one or more filtering unit operations or systems. One or more agents, such
as coagulating and/or flocculating agents, may be utilized to improve the one or more

post-treatment processes. Examples of other unit operations that can be utilized in the
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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.
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The jon exchange column had a resin bed that was about 1.5 cm in diameter and
was about 16 cm deep.

..r’

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 jon 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 concentration levels
noted in Table 3. Table 3 further lists the measured capacity of the ion exchange bed
after exposure at various time intervals during exposure. The capacity of the bed was
normalized relative to unexposed resin, Specifically, ion exchange resin not exposed to
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Example 2. Performance of Ion 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 jon exchange column with chemical
neuiralization of an oxidizer was evaluated for metal treatment capacity. The treatment
system is schematically shown in FIG. 2 and has been substantially described in
Example 1. The neutralizing or reducing agent was sodium metabisulfite. However,
other reducing agents such as sodium bisulfite and sodium sulfite, can be utilized. The
neutralization of hydrogen peroxide with sodium sulfite, sodium bisulfite, or sodium
metabisulfite results in formation of sodium sulfate (Na;S0Qy4). 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.
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compares copper loading on the ion exchange for three cases. The “Blank”, or

baseline, case shows copper 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 solution. The “Sulfate”
case shows copper loading when the ionic background is significantly increased in the
absence of citric acid. The amount of sodium 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 the baseline

case and the increase in background ionic loading by use of a chemical reducing agent
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célgporégtoth;lqg typically present copper CMP slurry formulations. BTA typically

prevents copper 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 jon

exchange column 310 downstream of a carbon column 311. A pump 312 was utilized
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Simulated 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 slurry and adding hydrogen peroxide and copper sulfate to
simulate copper CMP slurry wastewater. Calculated amounts of copper sulfate (as
crystalline technical grade CuS045H;0) from Chem One Ltd., Houston, Texas, and
hydrogen peroxide (about 30 % H;03, electronics grade) from Ashland Specialty
Chemical, Dublin, Qhio, were added to the influent slurry solution. The hydrogen
peroxide concentrations of the slurry stream in and out of the jon exchange resin bed
are listed for each day. 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 pm to about 1 pum.

Ton exchange column 310 had a resin bed that was about 8 inches in diameter
and was about 40 inches deep. Carbon colurnn 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.

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 resuits from runs performed



collected in collection tank 318. The system was

oper ated 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
s\véﬁﬂ‘gﬁ”sﬁﬁ‘ﬂ hydr ogen peroxi de renoval by car bbhT/US2006/026336
continued for an additional eight days. Flow of the
slurry feed sol ution throught%-he carbon and ion

exchange tanks was even and steady throughout the

vadeys 4, Adinddt iThg totel sobidls id shetest i Table © areirpble frofettie slurry

' j di,a at _the conclusjon of .the test
SRR B RlmebNB TR R sTlcn i G o b MR T o
Sokshirgt dtbrchitip of thebblidslar frym IRSICMEILEY [IMADpFt: Rd5 Rfite.
Al'iquots of commercially manufactured copper CWP
slurry concentrate were diluted to the total solids
test conditions. The slurry solution was prepared by
diluting commercially avail able copper CWP slurry and
addi ng hydrogen peroxi de and copper sulfate to
simul ate copper CWP slurry wastewater. Cal cul ated
anmounts of copper sulfate (as «crystalline technica
grade CuSO4.5H20) from Chem One Ltd., Houston, Texas,
and hydrogen peroxide (about 30 % H202, el ectronics
grade) from Ashl and Specialty Chem cal, Dublin, Ohio,
were added to the influent slurry solution. The
hydrogen peroxi de concentrations of the slurry stream
in and out of the ion exchange resin bed are |isted
for each day. Simlarly, the inlet and outl et 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 pmto about 1 m |on exchange col um
310 had a resin bed that was about 8 inches in
di aneter and was about 40 inches deep. Carbon col um
311 was about 14 inches in dianeter and was about 40
i nches deep. The carbon utilized was CENTAUR@ gr anul ar
activated carbon, available from Cal gon Carbon
Conmpany, Pittsburgh, Pennsylvania. Sanples were
retrieved and anal yzed at the indicated hours |isted
in Table 5. The data in Table 5 shows that even wth
total solids |oading of up to about 4,500 ng/L,
copper can still be renoved. Further, the renoval of
hydr ogen peroxi de need not be perforned for effective
copper renoval as shown by the results fromruns
performed WO 20071018854 PCTNS2006/ 026336 -19



on days 4, 5, and 7. The total solids in the test in
Table 5 are largely fromthe slurry particulate

solids thenselves, i.e., the silica anld al 1l:Jm na used

for grinding and olishing. Very little of t [
awszﬁwﬁffﬁa‘f gsol vedpi ons |ike copper and sul fa?g.T’%%‘)g&mM
2007/ 018854 PCT/ US2006/ 026336 -20- Table 5. Effect of

H gh Total Solids. H202 Conc¥htration Copper
Concentration o o Day E o m(nom (ng/L) .g POST c

I able ARBEretioRHERINToralSoligs. 524 <0.3 26.2 0.052 3,370 NA

0372600333 B8O —16—NA—28—6—0-024—3450-520—<0-3
29.8|0.046( g, 515 5 450 27.6 0.03p 3,360 24 520|<0.3
27.2]02027/%8, 180 @1,04Comchratdd 2PCOpiarBofbeRBBod | NA &7

2@&5 5087 %,g 5 40 (5488 4 20 3 20 785 |8243@

1892) 3§ 20, 845|080 6 48.5 377 <0/ 3 27.10. 114 3| 805 B

8 40p w0- 3| §7. 7]<0. 04 3.420_ 7 1 60.5 610 3.5 286”7 &<
<0.0k 3,930512 493 Q. 3 b5. POSD. 04 3,580 Soﬁ%- 5] 5038
<0 325 <0l 04 31540 12 heARROS B31.510. 453°7 1099 9 B4
5 510 _<b 3| 28 7 |<0. 8% 3_760<082 517 26C. 2 |260.6620. 156,370
3 400 8 NA <0.3 26 0.033 3,680
) I P NA 38.6 0024 | 3450
g 520 203 298 0046 | 4515

Z N 450 276 0032 | 3.360
8.5 : 520 <03 272 0027 | 3.180

. T 384 29 0.025 | 4000

3 : NA 17 285 0027 | 3.750

p T 423 7) 203 <004 | 3785

3 ' 410 64 3 <004 | 3.980

p L | s 377 <03 271 0.114 | 3870

8 : 202 =03 277 <004 | 3420

; T 610 35 7286 <004 | 3930
12 : 493 <03 254 <004 | 3580

. TR 503 <03 25 <004 | 3540
12 : 463 03 315 0.053 | 4090

. T 510 203 287 <004 1 3.760
12 ' 517 <02 6.9 0.156 | 3.400

o L1 oes 500 <03 271 0.079 | 3.350
12 : 524 <02 332 0.124 | 2.840

1 525 03 7.1 0.127 | 3.420
15— 1085 —F3 0.2 271 0.167 | 3.790
1 563 <02 776 0.08 3,800

12 =51 1205 510 <02 75.1 1.61 3.480

1 438 4 3,500

3 5] 120 210 164 73,500

1 377 03 ~3.500

W =3 33—, <03 ~3.500

1 610 35 ~3.500

15 g5 161 s <03 23,500

T 503 <03 ~3.500

16 g 1551 —= <0.3 ~3.500

i 510 0.3 ~3.500

17 55 1636 ——=p <02 ~3.500

i 500 <03 23.500

18 =55 1718 [——% 0.2 ~3.500

1 525 <03 23,500

9 g 1806 —45 02 ~3.500

20 | 1 1896 | 563 0.2 3,500




10 96.5 500 <0.3 27.1 0.079 3,350 12 524 <0.2 23.2
0.124 2,840 11 108.5 525 <0.3 27.1 0.127 3,420 12
502 <0.2 27.1 0.167 3,790 12 120.5 563 <0.2 27.6 0.08

3 10 <0.2 25.1 1.61 3,480 13 129 42
O 110 674" 3 500 14 137. 3 377 <0, 3PCHUSu0s

8.3 402 <0.3 -3,500 15 146.1 610 3.5 -3,500 8.8 493
<0.3 -3,500 16 155.1 503 <213 -3,500 9 463 <0.3
-3.500 17 1 163.6 510 <0.3 -3,500 8.5 517 <0.2

-3,500 18 1_171.8 500 <0.3 3 500 8.2 524 <0.2 3

19 1(180.6 §25 <Q. éﬁ@B 500 8.8 50 <0.2 3 500 1
189. ¢ §63 k8.2 3B, %183632? 26386~
-Ddy l-|2’02=05ﬁc§rgrat| on @8 Con“entra(ﬂ Y= ds
a(m;/E) S([FTEP 11 | INPOSTI =OUT U CARB 85§
510 <O. - B500 TExanpte '-Pll ogem Pergxide—Re ag
wi t hi Car bonUand Fi | tIdr d¢ At hi séxanpl @UTa ywaste

sl ur Fy gtTeam f romm g VP PT QgBss s—tregted—n ~3.500

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 FIG. 3, was comprised of a pretreatment system 311, which was
a carbon column or a filter media column, and an ion 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 neutralized by
utilizing 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 column about 8 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 columns.

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 pretreatment systems can reduce or remove hydrogen peroxide concentration and

that copper species was effectively removed by the ion exchange column.
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Example 5. Performance of Ion Exchange Varying Total Solids and Hydrogen
Peroxide Concentration,

Slurry 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 the ion exchange beds 512 and 514 were each comprised of about 3.6 ft*
LEWATIT® TP207 weakly acidic, macroporous ion exchange resin with chelating
iminodijacetate 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 Specialty Chemical, and copper




Table 7. Oxidizer Renoval by Ganular Filter Media.
Copper Total Solids H202 E w o Concentration (ng/L)
(mg/L) (ng/L) BIRMr) RESININ BIRMr) 2,920 3,430

WORMRIBEE 2570 2,800 2, 840 NA 108 2. 20 SCHEHIG0

2,840 NA 161 (NA = not anali/azed) Exanpl e 5.
Performance of |on Exchange #aryi ng Total Solids and
Hydr ogen Peroxi de Concentration. Slurry wastewater
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SpeC| aI ty Chem cal, and copper WD 2007/ 018854
/ US2006/ 026336 -23 sul fate pentahydrate, from Chem
e §.¢ Hydregen ??FPWHQ&EQHB‘F&PTQQ%& he |evels shown in
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vdrijoug testikunyg. 49w 97.6 672 100 88.6
5 4 5.4 15,240 84.5 2,074 99.3 516
6 2 54 6,140 87.3 663 99.5 100
7 3 35 10,305 42.8 1,887 99.5 100
3 3 3.5 10,630 453 1,802 99.2 100
9 2 1.6 17,750 83 476 99,7 06.4
10 2 54 19,180 7.39 2,142 96.3 74.9
11 4 1.6 18,240 8.86 536 99.1 100

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
nonchemically-based oxidizer reduction was effected by a pretreatment system based
on photochemical reduction involving exposure to ultraviolet (UV) electromagnetic
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



data show that copper was effectively renpoved even
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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 treatment system of the
invention.

It is expected that the higher UV dosage levels, longer retention time in the UV
cell, and other techniques 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.

Table 9. Hydrogen Peroxide Decomposition by Irradiation.

Flow Total Influent Influent H;0,
Test pH Rate Solids H;0; Copper | Reduction
_(epm) | (mgL) | (mgL) | (mg) (%)
1 6.6 Q.75 3,500 470 30 15
2 3 0.75 3,500 300 30 33
3 3 0.75 3,500 200 30 18




The solution to be treated, prepared as substantially
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y occur to those skilled 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, system, subsystem, or technique 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 mutually inconsistent, is
considered to be within the scope of the invention as embodied in the claims.

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 acts of a method are performed, but are
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el enent does not by itself connote any priority,
precedence, or order of one elenent over another or

the tenporal order in which acts of a nethod are
performed, but are WD 2007/018854 PCTI US2006/ 026336
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having a certain nane from another elenent having a

same name (but for use of the ordinal tern) to
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invention. It is therefore to be understood that the
enbodi nents descri bed herein are presented by way of
2examﬂ1§m@fHOM ofBEirk Haknertintthd Bn ckEing & RNEmAcofmpPRses ion exchange
appended cl ai s and’ equi val ents thereto; the invention
matgyiabeompyising 4t deast @elvemplexéngtdrewp.-as specifically

described. 27 What is clained is: 1. A nmethod of

treating a slurry stream conprising: providing the
3|S| ur The B}Eﬂﬁalﬁgel@.mﬂﬂj wherginahe ioﬁ@sthaﬂ]@uﬂmhﬁlcompds?ﬁon exchange

east one_oxidizer present at a concentrati at .

AR 678y ne PSpdpnt it BerdPhis Tactl 160 M*@th&ﬁﬁstmg of
ithib@iaédtatk %@mn@rmﬁl&ghme aad aﬁhﬁoﬁﬁs&m’@ﬂlcof claim1,
wherein the ion exchange col um conprises ion exchange

mat eri al conpr|3|ng at | east one conpl exi ng group. 3.
4The Iiﬁﬁé 91%9108 of gla%il1 ) xlfherm%%eeilon ef(&%ng%nla%ﬁgp&ﬂﬁﬁsgsoa{n? m
conprises °or X ahge “material comprising at |eas
iminedipensafiincfiomd tcapal ity sel ected fromthe group

consi sting of imnodiacetate, polyam ne,

bi spi col yl am ne, and am nophosphonic. 4. The method of
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an imnodiacetate functional group. 5. The nethod of
mglai m 1, wherein the oxidizer concentration is |ess

t han about 1,500 ny/L.

6. The method of claim 5, wherein the at least one 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.

7. The method of claim 6, wherein the at least one oxidizer comprises at least one
compound selected from the group consisting of nitric acid, hydrogen peroxide, ferric

nitrate, and ammonium persulfate.

8. The method of claim 7, wherein the at least one metal comprises a metal selected
from the group consisting of copper, lead, nickel, zinc, cobalt, cadmium, iron, tantalum,

silver, gold, platinum, palladium, iridium, rhodium, ruthenium, gallium, manganese,



6. The method of claimb5, wherein the at | east one
oxi di zer conprises at |east one species selected from
the group consisting of iodates, periodates, bronates,
per bromates, chlorates, perchlorates, peroxygen
conpounds, nitrate conpounds,,gersul fate conpounds,

per manganat e conpounds, and C%ronate conpounds. 7. The
met hod of claim®6, wherein the at |east one oxidizer
um@mﬁﬁuﬁﬁﬁu@tmkﬁﬁﬁmuangmespnpound selected fromthe
group consisting of nitric acid, hydrogen peroxide,
ferric nitrate, and annonlun1persulfate 8. The

omet Nagle fletolid Blafin 8 ﬁér@?n hd R9edt ohSRAShI QREpFER! 2l
conprises a neta ecte fromthe group conS|st|ng
of copper, |ead, nlckel zi nc, cobalt cadm um iron,
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8, wherein the at |east one netal is copper. 10. The

met hod of claim?9, wherein the slurry stream conprises

1Par tirfi bRl dBRERIh 3b, whddihigk &n@érﬁ%ﬁbﬁ bf ihe pﬁrtffcﬁfdﬂzemﬁfenal in the
about 0.001 gmto about 1 m 11. The nethod cl aim

stuéry stibam é in atrhegecd mbewit>0ang/brio @bou{t A 0pamefle uI at e

material in the slurry streamis in a range of about

50 ng/L to about 20,000 ng/L. 12. The nethod of claim

12, WT8é Biethod ®f platn tt [ @Béreianio fretreatmevietotridoed the ealebst oneoxidizer
oxidjzer in a cgsbqﬁkeolunn IS, perforne

iR FaTBOThFGIEMp P fpreReHgTRing ghe siep %’dlmf?{rcgtg the;fiprry stream

,ﬁtm}g 1Bﬁ‘€xdhﬁﬁlgeeeé)@lﬂﬁﬁ‘ge colum. 13. The method of claim

1, further conprising a step of neutralizing at |east
a portion of the at |east one OX|d|zer 14. The
198 t h?ﬂ of eth lgg)f mailfr% 1, Rl Joﬂq tr % &fnenf?é’l I e{t ﬂa@lgahportion of
conprlses addi ng at’ 1'east ne g Species to e
tisd ayldayt Gelfogttizer 5. The net hod of cI aim 13, wherein the
step of neutralizing conprises chemcally,
el ectrochem cally, photochem cally, or
14 her Mg hRMarbik 89AChd:HE i stélﬁ@fﬁ{euﬂa!%ﬁ%ct&rﬁbrﬁfes Ad¥hng at least
at | east one oxidizer inactive . A nmethod of
on¢ reduting specighémihegluriystieani cal pol i shing slurry stream
conprising introducing the slurry streaminto a
treatment system consisting essentially of at | east
16ne Themeehodhdogén UB) Whereinphd semef reuthiediag ¢omgprisesichemically,

xch e resin t hod .of .cl aim 186, erein .
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at least one oxidizer inactive.

16. A method of treating a chemical mechanical polishing slurry stream comprising
introducing the slurry stream into a treatment system consisting essentially of at least one

ion exchange unit comprising a chelating ion exchange resin.

17.  The method of claim 16, wherein the chelating ion exchange resin comprises an

iminodiacetic functional group.



i m nodi acetic functional group. 29 18. The nethod of
claim 17, wherein the slurry stream conprises solids
having a dianeter in a range of about 0.001 mto

about I gm 19. The method of claim 18, further
conprising introducing the sl ry streamto a pre-
treatnent systemthat chem ca el ectrochem cal l vy,
phot ochem cal |y, or ther m)chem cal ly neutralizes at
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nmet hod for fabricating an el ectroni c conponent

conpri sing: chem cal mechanical polishing the
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oxi di zing agent at a concentration of at |east about

50 ng/L. 22. The nmethod of claim21 wherein the slurry
2@.onpAi etbodifor fahmicatingnan eleinghicpawopent cempagingd from
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gal | ium_  hafnium manganese,, and tungsten. 23.
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ik ABWhESA0 AirRtiohf@3/dupone netal and at |east one
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Stream ncentra

at:blﬁ:eﬁttratloaaﬁ‘ht kaﬁlsiahmnabrfﬁg‘/bm t he slurry stream 24.
The treatnment system of claim 23, wherein the at |east
one netal is a netal selected fromthe group

2£0NSTgd in@ﬂho@fof 1P 81 Whl?l%ﬁ’fjthe QFu%%bmpﬁb&%t leﬁétkbi\le tnetal species
cadmium iron, tantalum silver, gold, platinum
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23. A treatment system for treating a slurry stream comprising at least one metal and at

least one oxidizing species present at a concentration of at least about 50 mg/L, the
treatment system comprising:
an inlet fluidly connected to a source of the slurry stream; and

means for reducing the concentration of the at least one metal from the slurry stream.

24.  The treatment system of claim 23, wherein the at least one metal is a metal selected
from the group consisting of copper, lead, nickel, zinc, cobalt, cadmium, iron, tantalum,
silver, gold, platinum, palladium, iridium, rhodium, ruthenium, gallium, manganese,

hafnium, and tungsten.



persul fate. 26. The treatnent system of claim 23,
further conprising neans for neutralizing at least a
portion of the at |east one oxidizing species. 27. The
treatment system of claim26, wherein the neans for
neutralizing at least a portipn of the at |east one
oxi di zi ng species el ectrochemcally, photochem cally,
and/or thernochem cally reduces a concentration of

25.he  Fhe ireamentOR Qe dfdiatin 29, $RGEInGRe atdéast M BidiRilg @pecies is
facilitating treatnment of a slurry_ stream having at

s¢lecied frojpdhgygroup consisting eéhydé@geﬁmeng& B%w'érewgwgl ammonium
&gﬁﬁhgent system consi sting essentially of an ion
exchange colum having ion exchange nedi a contai ned
therein, wherein the ion exchange nedla conpri ses at

22O RERCSnk YOGk ok gk o P oP by LG M t o

a PbRioARI fiRcht tdastcdndiofldZhng §peeicher conprl sing a step of

fluidly connecting an inlet of the treatnment system

to a source of the slurry stream 30. The nethod of

z@l ai %8§eat&eﬁttss}&remwmﬁm%nehé}eﬁttﬁ@mesnslﬂ%ht ﬁéﬁ%ﬁi.ﬂgatne@st a

slurry stream “into the treatment system .

portien ohthgtat l;:ysmﬂmmrzmg .%paclpﬁgleqr®hunmy113mhe@nhemlcal!y, and/or
Hegli ) | east ane et a t
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essentially of: an el ectrochen cal, photochenlcal or

her nochemn cal retreatnent unit; and at | east one ion
% ol

xcharigehed #ne teymeptpfacy Wy & Vgl sk gng metal
spc RS SAITRAL pravVidihe a%%atmgﬂ?sy%téﬁ{ &nsfingtRbthaly of an ion exchange

wherein t he |on exchange col'umm contains ion exchange
cotwain diaviogon eichangamddisenntained thespinanhertinibe losrearhagee media
I form ea o
a%@ﬁrzﬁ%s gtsl%fust que Bgfaﬁ%ntg}}li (Hg% 01\1(/:}1 éa?abl%?? fo\?é?ul csogqqqqu {th the at
ldagtamt noeed spefedant functlonal group conprises an
i m nodi acetic functional group. 34. The system of
claim 31, wherein the at | east one netal is selected

261 OMTtH en GRARIUT clHANSI ﬁHh@lgc&ﬁprféﬁl%Fheé'tep diRfdly Qbﬂﬁ%@hn an inlet of
zinc, cobalt, cadmium iron, tantalum silver, gol

thglt@aimmnﬁwsm foeiourge of ithecklwrmy stréatidi um  r ut heni um
gal lium hafnium manganese, and tungsten. 35. The
system of claim 31, wherein the at |east one oxidizing
38.pecTrRsmethop beslain 28 tfuAher comprising a step of introducing the slurry stream

into the treatment system.

3t. A treatment system for treating a slurry stream comprising at least one metal and at
least one oxidizing species, the treatment system consisting essentially of:

an electrochemical, photochemical or thermochemical pretreatment unit; and

at least one jon exchange column fluidly connected downstream of the pretreatment

unit.

32.  The system of claim 31, wherein the ion exchange column contains ion exchange
media comprising at least one pendant functional group capable of forming a complex with

the at least one metal.



concentration of at |east about 50 ng/L. 36. A nethod
of facilitating treatnent of a chem cal nechanica
polishing slurry stream conprising providing a
treatment system consisting essentially of an ion
exchange colum having ion eyychange nedi a contai ned
therein, wherein the ion exchange nedia conprises a
cross-1linked polystyrene substrate. 37. The nethod of

38l ai Th3ystehubf digim 30 Mheredi thg at Rhit @del perignt fectiinal grgup comprises
stfreaminto the treatnment system 38. The nethod of
ap minpdigcetighunctioRali8F ¥ on exchange col urm conpri ses i on

exchange material conprising a cross-|inked
pol ystyrene substrate. 39. The nmethod of claim 28,
3her Ehdsysteen plothaimxtihageeimibeiableassiope metad issselected from the group

C&T{SQST?IEQ !o{" %%gr, lé%ﬁ,l ﬁé?ﬁe\{fz@?&? c%ﬂ%dﬁ%i&m, iron, tantalum, silver, gold,
platinum, palladium, iridium, rhodium, ruthenium, gallium, hafnium, manganese, and

tungsten.

35. The system of claim 31, wherein the at least one oxidizing species is present at a

concentration of at least about 50 mg/L.

36. A method of facilitating treatment of a chemical mechanical polishing slurry stream,
comprising providing a treatment system consisting essentially of an ion exchange column
having ion exchange media contained therein, wherein the ion exchange media comprises a

cross-linked polystyrene substrate.

37.  The method of claim 36, further comprising introducing the slurry stream into the

treatment system.

38.  The method of claim 1, wherein the ion exchange column comprises ion exchange

material comprising a cross-linked polystyrene substrate.

39.  The method of claim 28, wherein the ion exchange media comprises a cross-linked

polystyrene substrate.



