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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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from a chemical mechanical polishing (CMP) of integrated circuits to attach the metal
ions and form an environmentally clean water discharge product. The phrase
“environmentally clean” refers to a wastewater discharge stream to a municipal
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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Semlconductor manufacturing processes typically utilize one or more metals
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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stream at a concentratlon 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 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 wm, at a
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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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depend on several factors or condition such as the solution characteristics and/or the
concentration and type of pertinent chemical species, and the rate at which reduction is
performed or desired.

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 jon 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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the present invention can have the following typical properties.

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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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.
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hydrochloric acid solution.

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 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 ion exchange column with chemical
neutralization 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,SO,). 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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component that is 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 ion

exchange column 310 downstream of a carbon column 311. A pump 312 was utilized
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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 CuS04:5H,0) from Chem One Ltd., Houston, Texas, and
hydrogen peroxide (about 30 % H,0,, electronics grade) from Ashland Specialty
Chemical, Dublin, Ohio, were added to the influent slurry solution. The hydrogen
peroxide concentrations of the slurry stream in and out of the ion 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 pm.

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.

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
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substantlally shown in FIG. 3, was comprlsed 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
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 Specialty Chemical, and copper




INBIRMr) RESIN IN BIRMr 10 28.3 0.186 2,920
§E§30 2, 5% )214 95 2 1.5 2/59)2 0.322 2,750 2,910 2,750
WO2008818834 3. 5 29.5 0. 844 2,870 2,890 2,840 NA HOBUS2006/026336
5.75 30.6 2.87 2,820 2,895 2,840 NA 161 5 7.75 30.5
2.84 2,790 2,810 2,840 201 2]_,’70 (NA = not anal yzed)
Exanpl e 5. Perforrmnce of I'd6n Exchange Varyi ng Tot aI

T T A RSP T
Talyie %gaadmgan Wbt 251 sEMAiIAL@ stich Ae g%g a TRl abput :1

retreat ment subsysterh wt carbo
Wlté ﬁﬁl‘)alz?ﬁi @’&f%%he yoafedsrepim fromvon exchasgctdmges BENandS] 4

ed in FIG 4. The carbon bed
Wel%%ﬁ%%d@gdo lg?dsde EHrﬁ{gﬁ:tﬁ’)out 3.6 ft3 CENTAUR(r) granul ar

actSamagle cﬂor anallybio wead tbttidved iaPshng6 g&'ﬁggzi)%gﬁat%$ﬁe&i?ﬂ tank

5207 33 Bk Ry T ironeitivnfahouiermy Shib ko harige i, The
daté/\éHokiJ Bhed R F)érnxgas éff@cg{?%#r é % ?na %utﬁglitéill_? ﬁetnicl)s{a;] 8%/ hydrogen

|l uid was I ntroduce

per@gt@q b;‘mﬁgwcma,td:d irpan pibsysténd 8s ndied &l tesilundifers MUIB0HRIN 0.

adco ntrati ons were adjustedto
Thefte i ﬁ*é’gv B Rrran e chocied ez mmxearqaawAshlt@ag;g@phds
up t6 labeut\20,600Gkm. 30 % hydr ogen per oxi de, from an
P Specialty em cal, and copper WO 2007/018854

PCT/ US2006/ 026336 -23 sul fate pentahydrate, from Chem

TabQ‘% g,%ogél;hﬁ ﬂd@%ﬁd@d ﬁze %the | evel s shown in

|ng an sul furic acid
ﬂol ut ed ratl 0 off about T T Wle[n °
% ddi onj zed WAl er eal@Perst|r eapnf r am FEReRxX ¢ haklge:
= %el ms | 5 gﬁ nd ﬂldsvverqng%)l act@g/hn |cBPrevad onRemened
%(2:0. - Sapl'®%or Tkils were retrieved at(‘@anp!.e (%)
Ipgi nB 522 ard at ngsectl an.ot ank ¢330, | Taljogs 8 11Ty,
2the #nl et gad propgguhi €S @fogl Ng SUFRTY g, o 3.7
3varigus|tesis runsgsihe d3lp, St Owf At CORJEE] llvab 046
qeflfegtivelyge DVEQ3EVEn W ot ‘6 5 T TOVRY.
shydrggen ggroxid Llcsal.xstﬂl \ mfw{]a. ”G@9§
O oobshbw Liat ¢ 813 bl ofbicibd don oh 100
7% bU?’b”JW 33 haﬁ)l’ 1 ol ,22]3 b b887an DLt 99(5 000 _pgdho

Iutlor

o cr Q
5
i
2
o

82137 PP IS ™0630 | 453 | 1.802 99.2 100
9 2 1.6 17,750 83 476 99.7 96.4
10 2 5.4 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
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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 3, 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;O,
Test pH Rate Solids H,0, Copper | Reduction
(gpm) (mg/L) (mg/L) (mg/L) (%)
1 6.6 0.75 3,500 470 30 15
2 3 0.75 3,500 300 30 33
3 3 0.75 3,500 200 30 18
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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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7. The method of claim 6, wherein the 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, tungsten, hafnium, and mixtures thereof.
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introducing the slurry stream into a treatment system consisting essentially of at least
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17.  The method of claim 16, wherein the chelating ion exchange resin comprises an

iminodiacetic functional group.

18.  The method of claim 17, wherein the slurry stream comprises solids having a

diameter in a range of about 0.001 um to about 1 um.
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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.
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conprising nmeans for neutralizing the at |east one
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28. A method of facilitating treatment of a slurry stream having at least one metal
species, comprising providing a treatment system consisting essentially of an ion
exchange column having ion exchange media contained therein, wherein the ion
exchange media comprises at least one pendant functional group capable of forming a

complex with the at least one metal species.

29.  The method of claim 28, further comprising a step of fluidly connecting an inlet

of the treatment system to a source of the slurry stream.

30.  The method of claim 28, further comprising a step of introducing the slurry

stream into the treatment system.



