WO 00/03231 ; PCT/ US99/ 15005

DETECTI ON AND FEAERWAL OF COPPER  FROM WASTEWATER STREAMS FRON(CT/US99/15005
SEM CONDUCTOR AND PRI NTED Cl RCU T BOARD PROCESSI NG

FI ELD OF THE | NVENTI ON This invention rel ates to the art of detection
and renmoval of netal fromReret et ANR BEMRVAIS OF. iGQREER y  the i nvention
relates to the EE?%CWPﬁWEEﬁHEPe§S§§FM§fFR@Hp§§MIFPHPPEE§Be%§PePR§NF@QNB
from sem conductor and pri nt eGIBFPENi BOBBRr BROCEEETINEs.

BACKGROUND OF THE | NVENTI ON Until the devel opnment of copper

I nt erconnect technol ogy, coppe 1825 /gt ﬁﬁ”?ﬂvhlm tewater fromthe
production of nultilayer n1croc§rps—by—+ﬁe—eeﬁree tor industry. Copper
i s now being used @bia 1apba¢eaanteﬁatesakunthenaandbﬁrdéuﬁgsﬁeﬁ aedause of
its | ower elecg |ca& eS|§ V|t in Eroce $ges referred %o as .¢chem_cal -
mechani cal pofrSRrAy SF B C§F RelRSACEAF°pI SHAPRTSri oRPeERAGRALEY " VP
and thereforethe mnwehemg frel]ladesntom&be\ﬂ@tebtleﬁpaﬁﬁ remadRralindgsi r abl e
conponent of waste m%ter guse of s t oxi % to aq uatlc organi snms  such

as fish and af8BPSE §8WtHa§ FgéFgrtB RGAERs SRA semidonductor- and

printed circuit board processes.
BACKGROUND OF THE INVENTION

Until the development of copper interconnect
technology, copper was not found in wastewater from the
production of multilayer microchips by the semiconductor
industry. Copper is now being used as a replacement for
aluminum and/or tungsten because of its lower electrical
resistivity in processes referred to as chemical-
mechanical polishing or chemical-mechanical planarization
{known as “CMP”) and therefore is now being found in
wastewater. Copper is an undesirable component of
wastewater because of its toxicity to aquatic organisms
such as fish and adverse health effects to humans who .
ingest copper-contaminated drinking water. Thus, copper
is regulated in discharges to the environment so it is
imperative that viable methods be found to detect and
remove copper in wastewater streams from the
semiconductor industry.

For purposes of this application, printed circuit
boards, also known as printed wiring boards, are defined

s “physical structures on which electronic components
such as semiconductors and capacitors are mounted”. 1In
contrast to the semiconductor industry, copper is usually
found in the wastewater from the printed circuit board

industry. However, methods to detect and remove copper



| ngest copper-contan nated drinking water. Thus, copper is regulated in

di scharges t OYPA¥923i ronnment so it is inperative that viabl ECRAISHYENIDHe
found to detect and renpbve copper in wastewater streans fromthe

sem conduct or industry. For purposes of this application, printed
circuit boards, also known as printed w rdng boards, are defined as
"physi cal str@icbw eébeorashieehtekrectr ohe cpednped et Scu BtiGho&6d SEAREHALYUCt Or S
and capacitori aLe, u&t%d".e I n R}gontraat to the sem conductor industry,
copper is usudfly “PGus§ti ReFReCRELTLGERer fromthe printed circuit board

i ndustry. However, Aneflljodsalomdehods asdftenoyedEOPPErcopper M2 00/ 03231
PCT/U899/1500g scribad. 3 £ . 2 fromthe wastewater of the
printed circulfS654P8% ABuPryERAVRYHRE FRECHRREEDDLI ni zed. Anal yti cal
met hods useful to UetecPateppeNoar®, UBScodbedlaims hen fohd omidgm r ef er ences:

U S. Patent No. § 132,g96 clai ns_an_on-stream anal yzer to determ ne the
concent rati on28RL¥ZEFe Piﬂstermlne the concentration of a treating

agent added to a‘body of water, and to determine the
presence of an uncompensated stress metal which may be
present in spite of the treating agent. The use of an
unconsumable transition metal tracer is described with
this analyzer.

U.S. Patent No. 5,278,074 claims a method for
controlling the concentration of an aromatic azole
corrosion inhibitor in the water of an industrial aqueous
system.

U.S. Patent No. 5,411,888 claims a method of
regulating the in-system concentration of a water
treatment agent in an industrial fluid system comprising:

adding an inert tracer to an industrial fluid system,
the inert tracer being added in known proportion to a
target specie also being added to said industrial fluid
system wherein the system consumption of the target
specie is effected by the water treatment agent; drawing
a sample of fluid from said industrial fluid system;
monitoring the target-specie by analysis of said sample
to determine at least one characteristic that can be
correlated to an in-system concentration of said target-
specie; monitoring said inexrt tracer by analysis of said
sample to determine the in-system concentration of said
inert tracer; determining the system consumption of the
target specie from the measured in-system concentration
of the target specie and the inert tracer; and
regulating the in-system concentration of the water

treatment agent in the fluid system based on the system



agent added tQ a, body of water, and to determi ne the presence of an
unconpensat edVQPOEBI et a1 whi ch may be present in spite of thBCTAUSEYISAp
agent . The use of an unconsunable transition nmetal tracer is described
with this analyzer. U S. Patent No. 5,278,074 clainms a nethod for
controlling the concentration of an aromat Pc azol e corrosion inhibitor in
the water of @#PHFHmRRIIm|cHfikDUARIRE efpecie. Bx@umpPg eht (Mplumnsl131-889

claims a met hogh ofad £gulild N 4 ft'[lﬁl? ?§5@é@§%%{@éé %E%-fdld%a Y& er

treatment agent ‘in an industria syst em conpri si ng: ng an inert
tracer to an it@usirinl af sardegsysfeaynthetineindusbrerlbeahgradded i n known
proportion tC)§§$F¥£EH speci e al so being added to said industrial fluid
syst em wher ei n e sy§%en1consunption of the target specie is effected by

t he wat er treat mentlUdyerkgtentavd Mj/ s Stpiisafosdsiiah farom waich]l ndkrsice al

fluid system 1tQri h arget.-specie b lysjs af sal nple to
determ ne at I%@%té g‘r\%ag%%rt:%{ é?‘?%ﬁ% )trh%ﬁl %%‘ﬁ}?gge%acs)‘ﬂrs?eﬁ%atneagz‘?%%n
i n-system conocexttexat i on of said target- specie; nonitoring said inert

tracer by analysis of_.s 'd$s np%fe erm t he in-system concentration
of said inert trace ';S’d(ae%% ?ﬁa%i g“%{e&%éﬁ’eﬁ? %Sn%%rﬁ)tl?eo ot t ar get
speci e from t heppeerestu e df ¢ - Syrst 2t eusice nd e o train iodg tihetd argetpespen earand
the inert tracer; and reqgulating the in-systemconcentration of the water
treatment age@IYFPHhSHH¢A M syst em based on the system

U.S. Patent 4,908,676 discloses sensors fox

detecting dissolved substances, including copper, in
aqueous fluids.

U.S. Patent 4,400,243 discloses the monitoring of
the heavy metal ions silver, cadmium, lead and copper
using an electrode system.

U.S. Patent 5,292,423 discloses an apparatus and a
method to use the apparatus to analyze trace metals,
including copper.

U.S. Patent 5,578,829 discloses a method of
monitoring a material flow for a contaminant therein.

German Patent 19512908 discloses a method for
analyzing wastewater from galvanizing wastewaters.

Additional references describing detecting methods
for copper include the following: Ionics Inc. Instrument
Division, “Water Quality Monitoring Guide for Ancdic
Stripping Voltammetry”; “Industrial Wastewater Treatment
Technology”, 2" Edition, James W. Patterson © 1985 by
Butterworth-Heinemann, “Chapter 7-Copper, pp. 91-109;
Auyong, “On-Line Monitoring of Toxic Materials in Sewage
at the Lawrence Livermore Laboratory”, U.S. Environmental
Protection Agency, issue EPA-600/9-81-018, 1981; Kubiak

and Wang, “Algae Columns with Anodic Stripping
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3 consunpt i orW@PIPRA t ar get specie. Exanple 3 (Columms 31- 32pCualssy/idoes
using the process to detect cupric ion (Cu[err]) in a series of synthetic

i ndustrial water solutions. U S. Patent 3,877,878 discloses an
anal ytical device and a nethod for nonito#di ng heavy netals in natural
wat er s. boS1tBrinedkid, 888e84 2081 SCARSES @hdil! hogoBNds BPPRS at 51,3 for

continuously dete otal c N an, aqueous stream

Pat ent 4, 908, g?écgnl Egéé'sﬁﬂso T%?idetg%ﬂ$§mf?h%%odved substances

i ncl udi ng coppmect@oaﬁ@ﬁ@amfAﬁrg§ Sensord) For Aol S nd, W 243 Fb | Oses
t he nDnltorlngpggéthe heav¥rnetal Lons silver, cadmum |ead and copper

usi ng an el ec oLy88em SF manan: TeCho Lot i ¥} 0se% apP -
appar at us andB@-E@QhQQQDQ)Hsﬁréhﬁna@ﬁaéﬁtPs“éﬁLE!EQNﬁfbéffﬁéhéﬁﬁé%§1

Monitoring of Waste and Rinse Water Streams”, Proc. AESF.
Annu. Tech. Conf., vol. 82, pp. 755-764 (1995);

Vanhumbeek, “Automatic Monitoring of Copper in Waste
Water From Plating Shops”, Wat. Sci. Tech. , Vol. 13,
pPp.539-544 {1981); Connolly et al., “On-Line Measurement
of Sub-PPB Levels of Metals Using X-Ray Fluorescence”,
Ultrapure Water, vol. 15, pp. 53-58 (1998); Schlager,

“"On-Line Spectroscopic Monitoring of Metal Ions For
Environmental and Space Applications Using Photodiode
Array Spectrometry”’; Beauchemin et al., “Determination
of Trace Metals in Reference Water Standards by
Inductively Coupled Plasma Mass Spectrometry with On-Line
Preconcentration”, Anal. Chem., vol. 61 pp. 1857-1862
(1989); Cnobloch, “Continuous Monitoring of Heavy Metals
In Industrial Waste Waters”, Analytica Chemica Acta, vol.
114, pp. 303-310 (1980); Product Literature from
Environmental Technologies Group, Inc. about “ETG
METALYZER™ 5000”; Ng et al., “Quartz Crystal Microbalance
Sensor Deposited with Langmuir-Blodgett Films of

Functionalized Polythiophenes and Application to Heavy
Metal Ions Analysis”, Langmuir, vol. 14, pp. 1748-1732
{1998} ; and Groves et al., “Inductively Coupled Plasma
Monitoring of Semi-conductor Wastewater”, Process Control
and Quality, vol. 7, pp. 85-90 (1985).

Methods useful to remove copper from agueous systems are

described in the following references:
U.S. Patent 4,462,913 discloses a process for

treating wastewater, produced in wire drawing and



i.ncl udi ng copper. U S. Patent 5,578,829 discloses a nethod of
nonitoring a ﬁgﬁ‘@f“f’%ﬁ’ flow for a contam nant therein. Ge PORMUSPRULSO0R
19512908 di scl oses a nmethod for anal yzi ng wastewater from gal vani zi ng
wast ewat er s. Addi tional references de?cri bi ng detecting methods for
copper include the follow ng: lonics Inc nstrunment Division, "Water

Qual ity Monit diigi iy délﬁi’é)rsqﬁ&ﬁ)d'?#t%ﬁﬁ%lWWQW@W"and INRAME 1 al

Wast ewat er Tr gaddBINt; on d €CHNO] QN &;%g,_dltlon James W Patterson 1985
by Butterwort h- Hei nemann, "Cha ter 7- pp.. 91-109; Auyong, "On-Line

Mbni tori ng of TOX|63N%ie?a%#@¢| 5t¢k§QkﬂﬁQﬁNQ%QHARﬂﬂﬁhﬁﬂate

Laborat ory", ;,nlféyé rongent al ng & /},@4};3;9 81-018,
1981; Kubi ak an Wang, "Al gae OCol ulﬁéhs v& Anod| C St ri pplrlr%)

00/ 03231 metals from water. PCT/ US99/ 15005
4 Voal tammetric Deﬁfcé' Pl redN8ts . @9326 ¥ -afle1 s & MY 10,989, PP.

468-471; d ass et
removing monovalent and divalent metals including copper

from a fluid stream using a water soluble ethylene
dichloride ammonia polymer having a molecular weight of
from 500 to 100,000 that contains from 5 to 50 mole
percent of dithiocarbamate salt groups to form complexes
with the monovalent and divalent metals.

U.S. Patent No. 5,328,599 claims a wastewater
treatment system and method for chemical precipitation
and removal of metals from wastewater in a continuous or
batch treatment process which includes an ion-selective
electrode and a reference electrode disposed in a
precipitation tank for measuring an electrochemical
potential therebetween in a predetermined range. A
'controller unit is provided which is responsive to the
electrochemical potential in the predetermined range and
is connected to a precipitant feed unit for automatically
controlling the chemical precipitant fed into the
precipitation unit.

U.S. Patent No. 5,401,420 claims a method of
automatically controlling the chemical feed of an organic
sulfide chemical precipitant to a wastewater treatment
system. The organic sulfide is selected from the group
consisting of dithiocarbamates, trimercaptotriazines,
trithiocarbonates and polymeric dithiocarbamates.

U.8. Patent No. 5,286,464 discloses that lead and
cadmium ions are selectively removed and reclaimed from
aqueous liguids containing the ions of these metals using

an ion exchange resin which comprises a modified silica



"El ectrochem cal Array Sensors For Plating Waste Stream Mnitoring”, Proc.
AESF Annu. Tew@o00@323., vol. 79, pp. 83-102 (1992); Bratin et miT/us9odooosi ne
El ectrochem cal Mnitoring of Waste and Rinse Water Streans", Proc. AESF.
Annu. Tech. Conf., vol. 82, pp. 755-764 (1995); Vanhumbeek, "Autonatic
Monitoring of Copper in Waste Water From Peati ng Shops", Wat. Sci. Tech.

Vol . 13, pp.53%b44 (1 W8EindoNRel lan Qlorflexcha@yel b3 Measyement of
Sub- PPB Level s of Metals Using X-Ray Fluorescence", Utrapure Water, vol.

15, pp. 53-58 $-bREy L vedan LaRaVe thE metdlspedends eogi caNpALmer Emgmof Met al
| ons For Envirgoppesnial1 and SPacs oARlintAlkndns sl RE %?;r%fggg adearray

Spectronetry”; “Beauchemin et al., "Determ nation of tal's in
Ref er ence \Wat efh&rei ditps eyl igvdist iarsl woodasited RigdmanVicos Spetimgeet ry

with On-Line Pregoncent ratign' ly..s %r% val,. .6 857-1862 (1989);
Cnobl och, "Conti nuous I\/bn}ﬂte%?ﬁorﬁig%g?tﬁgg/y ftl\éélqsenltnjfloﬁgﬁg%r ?g)fl Wast e

Wat ers", Anal y@¥ehargie niesinAdioa coppilex] w4 thprhe303adl @ngdl eadni uRr damest
Literature from Bayir ly 4 Q%ﬁl ' anl .about " :
METALYZER] err]~ 5000" ;gg%{ggaegtsaé@?& 2, %%re;% dap eﬁle%%%g@a#tg& Eé%slgr to
Deposi t ed wi t hremegmand Blesgyent the metefl sFfrom d¢hal reednPolthehi ophenes and
Application to; l, +].:0RS lysi s" ir, vol. 14, .pp. 1748-1752
(1998); and G oves %ﬁﬁéﬁgiwhﬁ nd&@?‘&ﬁ%?%cgﬁgﬁggg%|§?Ealﬁ8an8PFﬁ§eof

Seni - conduct orr&&ist evmtaaorphPuec sdd iCantged! havdn@ual istyfavel aréa pf ad5- 90
(1995). Net hodg, yigetfonf2) o RIBYSoCQRPEEALEOTbEIYE YRS SYRLENB 2L 1 anon

groups reacted with a triethoxy silane selected from the

group consisting of Bis(2-hydroxyethyl)-3-
aminopropyltriethoxysilane and N-[3-
(triethoxysilyl)propyll-4,5-dihydroimidazole.

U.5. Patent 5,552,058 discloses a filtering method
for removing particulate matter and dissolved heavy
metals from cooling tower water by passing the cooling
tower water through a filter assembly containing a
particulate matter filter and a heavy metals filter
having a filter element having metal particles bound
together in a porous sponge like structure.

PCT WO 96/38227 discloses and claims water-soluble
polymers for recovery of metals from solids.

Relative size of various common materials used in
filtration is described in “The Filtration Spectrum”
from Osmonics, Inc., 5951 Clearwater Drive, Minnetonka, .
MN 55343.

Solid~-Liquid separation various techniques are
described in Chapter 3.1 of the book, “Water Treatment
Membrane Processes”, edited by Joel Malleviale et al.,

©13996 McGraw-Hill, pp. 3.3-3.4, 3.12-3.13, 3.12I8BN 0-07-
001559~-7. Solid-Liquid separation using ultrafiltration



described in the follow ng references: U.S. Patent 4,462,913 discloses
a process for WO 8MRHg wast ewat er, produced in wre drawi ng angcT/usess 1306k

00/ 03231 PCT/ US99/ 15005
5 rolling, wth said wastewater containing fat and heavy netal ions,
I ncl udi ng copper. U S. Patent No. 5,164,095 discloses dithiocarbamate

pol ymers and usenobet fiespdpohytbessamer eaberaged ey yppret Bo sl f roin hWat end
U. S. Patent No,,5,346, §2 .gL closes_a nethod for.renovin oval ent and
di val ent et al 30 Rel U RS oRbaREr SPALTTLTE SR AT T BECRE EP PSSR Tbl o
et hyl ene di chl bei deuvadmani ahpokymer refy¥regca avlimeul B . Wweagdt LD 3+#1DaB500
to 100, 000 thﬁ% go tgLns_fron15 to.50 nol e pe cegt €£ g%thiocarbgnate sal t
groups to fornt@ ﬁgr x881gi PRPRRBTHBAOYEHRA L SLATE TRTHR BYR L et & 5P U.S.
Patent No. 5, 328uh89igl 8h&Bsamvastevnbhtet seadpeni2 systzmand met hod for
chem cal precipitation and renoval of netals fromwastewater in a
conti nuous or Membrane Separation Processes are described in
“Membrane Separation Processes”, edited by Patrick
Meares, ©1976 by Elsevier Scientific Publishing Company,
Amsterdam, pp. 512-513. They are also described in
“Membrane Handbook”, edited by W. S. Winston Ho, © 1992
by Van Norstrand Reinhold, pp. 326-327, 335-336, 348-354.
“Carbon Adsorption Handbook” edited by Cheremisinoff
and Ellerbush, ©1978 by Ann Arbor Science Publishers,

Inc., describes the removal of copper{II) by activated
carbon using synthetic seawater of high ionic strength.
Among the six different kinds of activated carbon tested,
Barneby-Cheney PC-8592 was the most efficient adsorbent
for Cu(Il) removal (adsorption). However, the remowval
efficiency was still very poor with a low 6% (Fig 8-10).

What is needed is a method to both detect and remove
copper from wastewater process streams from the
manufacture of semiconductors and printed circuit boards
that is reliable under actual manufacturing conditions.
This method must be capable of automation and allow for
upsets in process conditions.

SUMMARY OF THE INVENTION

The first aspect of the invention is a system to
detect and remove copper from wastewater streams in the
manufacture of semiconductors comprising:

a) a fluorometer;

b) a reagent that when added to the wastewater
reacts with any copper present in the form of cu*? ion to

guench the fluorescence of said reagent;



batch treatnment process which includes an ion-selective electrode and a
reference el eMO¥W&823Yi sposed in a precipitation tank for neasurdTUSRIS00S
el ectrochem cal potential therebetween in a predeterm ned range. A
controller unit is provided which is responsive to the el ectrochem cal
potential in the predetermined range and i § connected to a precipitant feed
unit for automaticatly contobyhéng whitcle hevdre aldduedpitiantwd sbwatex t he
precipitation gg}t. élgguPatent.hb. 5q40%5420 clains a net hod of

aut omati cal |y BoRTF0ITIRYTY e T HRRT C3F* Y2tPH O R Tor FORReS RS T Héhi cal
preci pi tant tothewhstevef eCu?r eehpent system The organic sulfide is
selected fromthe group consjsting, of, djthiocarbamates, .
trinercaptotriazinéé{ t r¥ 0 OESF b otk B R P13tk e Fidah Somehiftes.

U. S. Patent Nocotp2B8&ide4 di scloses that | ead and cadm umions are
selectively renmoved and yecl ai ned from(ggueous | i quids containing the ions

of these metals using amt oh BERMANGR 388 i RPIWMSh oie S tEWRi@E i ed
silica WD 00/03231ii} a controller to regulate the flow of

PCT/ US99/ 15005 )
polymer into the wastewater, and
iii) at least two tanks;

e} at least one sensor to detect unreacted
polymer; and

£) a means to separate the precipitate from the
wastewater stream; and

gl optionally a reagent to adjust pH of wastewater
prior to it being contacted with polymer; and

h} optionally, at least one tank to hold the
wastewater while its pH is being adjusted;and

i) optionally, at least one tank to held the
wastewater while it is being equalized, prior to its pH
being adjusted.

The second aspect of this invention is a system to
detect and remove copper from wastewater streams in the
manufacture of printed circuit boards comprising:

a) a fluorometer;

b) a reagent that when added to the wastewater
reacts with any copper present in the form of cu*? ion to
quench the fluorescence of said reagent;

c) a polymer, which when added to the wastewater
stream causes the precipitation of any copper present in
the form of Cu*? ion;

d) a polymer distribution and reaction ccmponent
comprising

i) a means to add polymer to the wastewater,



6 gel. It clains: in an ion exchange process to selectively renove the
metal s, |ead WRAYE32Ehi um from aqueous |iquids containing thePCASIBMNSWOhese
netals wherein these liquids are contacted with an ion exchange resin for a
period of time sufficient for the ion exchange resin to conplex with the

| ead and cadm umions in the agueous quui%s and then regenerating the
resin to renpve and recdvdr a leengapalerf tomregulessi fhet RdownpiLovenent

whi ch conprisggggé%ggjgﬁxggﬁFggﬁs%%%gﬁﬁge %ﬁain an anor phous silica ge

havi ng a surf east efr[/'g having at |east 10%of its
surface silanol groups ridadt ed dieelstatwoi dehdgy sil ane selected fromthe

group consi sting of_.Bi s(2-hydr hyl ) -.3- 1 Lopy |l Ll ysi | ane and
N-(3- (triethoxysi Ie>)l ) pra(%):p;%ﬁ sj:xé?%l }ﬁé’%r‘%ﬁm%?a?%{%gge lutnm‘éfcg@&Pat ent

5,552, 058 di sgpalsesery fdrdd eri ng net hod for renoving particul ate matter and
di ssol ved heavy nmetal s fraom cooling tower r [ cQql i ng

t ower wat er througH%a £id FEP R £8 Fyaggﬁfgﬁﬁin&g§cg§§?F§%|§?§mh§?¥%r
filter and a heptewstiat stfiddner amaving a filter el ement havi ng net al

56/ 38227 di S0l oses End- R HPAMIGR SORIBNE 561 FRare T & BhcSRary g et al s
from solids. Retidi vieo itz deifngy alon@as teanmat hmplodrvimelrs ased in filtration
is described | n" Tkhe) Filtrat in%rhs e%ttr H.@afsrto@ncebr{%gkc%o NG t%%Sl
Cl earwater Drive, Ntnnet@ikd ’

wastewater while its pH is being adjusted; and

1} optionally, at least one tank to hold the
wastewater while it is being equalized, prior to its pH
being adjusted. .

The third aspect of this invention is a method to
detect and remove copper from wastewater streams from
semiconductor processes comprising:

using a fluorometer and a fluorometric analytical
method for the detection of copper,

using a polymer to react with said copper in the
form of Cu*? ion to form a precipitate, and

removing said precipitate from said wastewater.

The fourth aspect of this invention is a method to
detect and remove copper from wastewater streams from
printed circuit board processes comprising:

using a fluorometer and a fluorometric analytical
method for the detection of copper,
using a polymer to react with said copper in the form of
Ccu*? ion to form a precipitate, and

removing said precipitate from said wastewater.

The fifth aspect of the invention is a system to detect
and remove copper from wastewater streams in the
manufacture of semiconductors comprising:

a) a fluorometexr;



IMN 55343. Sol i d-Liquid separation various techniques are described in
Chapter 3.1 owota@323dbok, "Water Treatnent Menbrane Processes” pcadiidoddlsdoy

Joel Malleviale et al., [err]1996 MG awH ||, pp. 3.3-3.4, 3.12-3.13,
3.121 SBN 0-07- 001559-7. Solid-Liquid separation using ultrafiltration
WD 00/ 03231 10 PCT/ US99/ 15005

7 can be found in the saB-dLYSERGHARALHYYL ek t]oot?x% %ggtw? er
Solid-Liquid separation using mcrofiltration can be Toun in he “sane
reference at ppFacts Wiy &Y FoPPeF. PI@sant iiquitdes Spamapifofuli ngpn to

el ectrodi al ysi gudrith end otmhids ddif s Y srag.fcfleﬁ:%,%%gn@t pp. 12.1-12.10.

Menmbr ane Separation Processes are describe nmof ane Separ ati on
Processes", edited Dy Pal ildasesnss idrereichraze bplEmsevieed Scientific

s e onbontic) ATRSLa e, SRl bo TRk e Rpsg, deastilee I
when it is being equalized.

The sixth aspect of this invention is a system to
detect and remove copper from wastewater streams in the
manufacture of printed circuit boards comprising:

a) a fluorometer ;

b) a reagent that when added to the wastewater
reacts with any copper present in the form of Cu*? ion to
quench the fluorescence of said reagent;

c) at least one ion exchange column; and

d} optionally, a tank to contain the wastewater
when it is being equalized.

The seventh aspect of this invention is a method to
detect and remove copper from wastewater streams from
semiconductor processes comprising:

using a fluorometer and a fluorometric analytical
method for the detection of copper, and

using at least one ion exchange column to remove
copper from said wastewater.

The eighth aspect of this invention is a method to
detect and remove copper from wastewater streams from
printed circuit board processes comprising:

using a fluorometer and a fluorometric analytical
method for the detection of copper,

using at least one ion exchange column to remove

copper from said wastewater.



by Van Norstrand Rei nhold, pp. 326-327, 335-336, 348-354. " Car bon
Adsor ption HaNébe¥R23ledited by Cheremnisinoff and El |l erbush, [ePCT/USITBSY
Ann Arbor Science Publishers, 1Inc., describes the renoval of copper(ll) by
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six different kinds of activated carbon tedted, Barneby-Cheney PC-8592 was
~the nost efficient adsorbent DESOBRIPTION OFOTHE DRAWINGS on). However, the
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SUMVARY OF THE | NVERILENe 1 defhet§i £Shastefste Pl ti88thENENEy8PchS a system
to detect and renove copper fromwastewater streans in the nmanufacture of

semi conduct or s cOBRpiEsnEga two-tapk palyresradeition/reackion avseagent
that when addednoal B2y BRSheRl £"mEERGHSoH! a@«%éeyixgep@@%p@%_e;%ﬁn&hén the

formof Cu+2 ion to quenc uorescence of sal d”reagent,;
wastewater after the wastewater has been treated with

polymer. A microfilter is used to separate the polymer-
copper precipitate and other solids present from the
wastewater stream. In this figure the sensor for
detection of unreacted polymer is positioned in the first
tank of the two tank system used for addition and
reaction of the polymer with said wastewater. The signal
from the fluorometer is used to control a valve in a feed
forward manner by opening it to send treated wastewater
to disposal or in the event unacceptably high levels of
copper are detected in the treated wastewater, the wvalve
will be automatically closed to send the treated
wastewater back for further processing.

Figure 1A depicts a wastewater treatment system
comprising a three-tank polymer addition system and a
fluorometric method of detecting copper in the wastewater
after the wastewater has been treated with polymer. A
microfilter is used to separate the polymer-copper
precipitate and other solids present from the wastewater
stream. There are three tanks present in this system,
with the first tank being used to adjust the pH of the
wastewater prior to the wastewater being contacted with
the polymer. In this figure the sensor for detection of
unreacted polymer is positioned in the second tank of the
three tank system used for addition and reaction of the

polymer with said wastewater. The signal from the
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8 O awspntoyoazal, whi ch when added to the wastewater stragfngdyssest he
precipitation of any copper present in the formof Cu[err] ion; d)

a polynmer distribution and reaction conponent conpri sing i) a
neans to add polynmer to the wastewater, 12 i) a controller to

regul ate the flkouoebmBOLY RS hQé@ E&“%&Kﬁ?éwwgﬁg’df%§1lbutlon of I11) at
| east two tanks; e) at | east one sensor to tect unreéacted

pol ymer: and treateq wagtgwahertbh sepiged fanwanst senpieratdef same faes

wast ewat er strgﬁnﬁalagge g) optionally a reagent to adjust pH of
wastewater prior to'it belng contacted with pol yner; and h)
optionally, at |easFigneetandepicholal waet avasteanalren trdeinite sivisteH i s bei ng
adj ust ed; and

wast ewat er whi Fngfhgm%e tn!ﬁgje]ﬁ’ﬂ%’? 3‘@ t’gﬁfﬁyoste E }'310 g’:‘?%olél%%f&tced.

The second aspmethofl bﬁl&etédenmg0¢bppbﬂiiﬂﬁﬁhﬁﬂﬁdztewater after the
wastewater has been treated with polymer. A microfilter
is used to separate the polymer-copper precipitate and
other solids present from the wastewater stream. In this
figure the sensor for detection of unreacted polymer is
positioned in the third tank of the three tank system for
addition and reaction of the polymer with said
wastewater. The signal from the fluorometer is used to
control the distribution of treated wastewater in a feed
forward manner the same as in Figure 1.

Figure 3 depicts a wastewater treatment system
comprising a polymer addition system and a fluorometric
method of detecting copper in the wastewater after the
wastewater has been treated with polymer. A microfilter
is used to separate the polymer-copper precipitate and
other solids present from the wastewater stream. In this
figure the sensor for detection of unreacted polymer is
positioned in the wastewater stream at a point after the
copper-polymer precipitate and other solids present have
been removed from the wastewater. The signal from the
fluorometer is used to control the distribution of
treated wastewater in a feed forward manner the same as
in Figure 1.

Figure 4 depicts a wastewater treatment system
comprising a polymer addition system and a fluorometric
method of detecting copper in the wastewater after the
wastewater has been treated with polymer. A microfilter

is used to separate the polymer-copper precipitate and



detect and repgopve copper fromwastewater streans in the manufacture of
printed ci rcuwpwgs conpri si ng: a) a fluoroneter; PCT/USIPS005,
reagent that when added to the wastewater reacts with any copper present in
the formof Cu[err] ion to quench the fluorescence of said reagent;

c) a pol ymer, which when added to the wa5t ewater stream causes the

preci pi t ati on @fhenysebpperprpresentfion tite fugshofat@y extrdeanon; In thih a

pol ynmer distri ' eactjop, .component conpri si . 1) a
means to add poi%/dlrrlgér1 ?ggf%efgmést%m‘g?rre@?&& us%%ﬁ? %%ometrlc

PCT/ US99/ 15005detection of copper located at a oint after HHe a controller
to regulate t ner, into the waste i) at

| east two tan ?ééf&@af%%)ocl’ aRO%%%ﬁ‘%??&%%W%ﬁ%%&%%p&g&%

pol ymer; and have Bgen semmests from aflad alss tdweatiyecimid atiqrfaiomide
the fluorometer is used to control the amount of polymer
added to the wastewater stream in a feedback manner and
the signal is also used to control the distribution of
treated wastewater in a feed forward manner the same as
in Figure 1.

Figure 5 depicts a wastewater treatment system
comprising a polymer addition system and a fluorometric
method of detecting copper in the wastewater after the
wastewater has been treated with polymer. A microfilter
is used to separate the polymer-copper precipitate and
other solids present from the wastewater stream. In this
figure there is a first fluorometer used for
fluorometric detection of copper located at a point after
the precipitate of polymer-copper and other solids
present have been removed from the wastewater. The
signal from the first fluorometer is used to control the
amount of polymer added to the wastewater stream in a
feedback manner. There is also a second fluorometer used
to detect unreacted copper in that portion of the
wastewater stream that is sent on for disposal. The
signal from the first fluorométer is used to control the
distribution of treated wastewater in a feed forward
manner the same as in Figure 1.

Figure 6 depicts a wastewater treatment system
comprising a polymer addition system and a fluorometric
method of detecting copper in the wastewater after the
wastewater has been treated with polymer. A microfilter

is used to separate the polymer-copper precipitate and



wast ewat er stream and g) optionally a reagent to adjust pH of

wast ewat er pwOoeOXR2B it bei ng contacted with pol yner; and PCT/1i$99/15005
optionally, at least one tank to hold the wastewater while its pH is being
adj ust ed; and i) optionally, at least one tank to hold the
wastewater while it is being equalized, pndor to its pH being adjusted.

The third aspefthed ddlligis PHRREheN£kSmat B! HEStdWat &Lt SCie AN I EADVR: §0PPES
fromwastewater streans from sem conductor processes_co r|S|n

using a fluor dritwie dhere fisudisntt flucammeyer cased nefoo Wr@%twe@ectuon
of copper, det i JPUY ?3%& &Bcéé‘é&t i ERe S Ascopper bp e form of

Cu[err] ion to forma precipi renmoving said precipitate from
sai d wast ewat dfhiree tankrmysﬁgmrUhedséectadﬁlth@@ angereaorion @f met hod to

detect and r egg}ylg,,@ppe“rrf d QToast eeBheEnat ]EEEQ'E‘ E1 Q0o O efs Gl L Ly t

board process onprisin using a fluoroneter and a fluoronetric
anal yti cal rnﬁQKnpﬁ&nORlﬁ@ed@m@@nmonf0P0¢mpperédd@@ih@ hpolyseewater eact

W th said coppgryd t:t*he f‘?sr@d‘)fforﬁékﬁrfn nh8 .t@hé%”lg.?i%—‘&i&ié &nqand
removi ng said precipi ate Trom said wast ewat er . e Titth aspect of the
invention is akystamiter detegctto detiectnouresoppdrcodpper wast eat er streans

'n the  manuf 4gLure, 0f S §HC QAdUELALE COIRLLR! Bt 15 sefd onlrfluoroneter,
disposal. The signal from the second fluorometer is used
to control the distribution of treated wastewater using
feedback control.

Figure 7 is the same as Figure 1A except that a
lamellar clarifier followed by a sand filter and back
wash tank is used in place of the microfilter.

Figure 7A is the same as Figure 1A except that a
sand filter followed by a back wash tank is used in place
of the microfilter.

Figure BA is the same as Figure 1A except that a
second sensor for unreacted polymer is used in the third
tank of the 3-tank polymer addition and reaction tank
system, and a third sensor for unreacted polymer is
positioned after the wastewater stream has been through
the microfilter. All three sensors are connected to the
controller used to determine the amount of polymer added
to the wastewater stream.

Figure BB is the same as Figure 1A except that a
second sensor for unreacted polymer is used in the third
tank of the 3-tank polymer addition and reaction tank
system. Both sensors are connected to the controller
used to determine the amount of polymer added to the

wastewater stream.
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10 b) ¥oUMEIt that when added to the wastewater reactRCTIISIN/ISH05
copper present in the formof Cu[err] 1ion to quench the fluorescence of
sai d reagent; c) at | east one ion exchange colum; and d)

optionally, a tank to contain the wastewat& when it is being equalized.
The sixth aspect ofFigusei B@ehsi thei safie systRigire det ebiceptd tHIOWE copper
from wast ewat er strgans in the manufacture of printed circuit boards
conprising:  SeCQ[d SenFPyof ohepRFeacted pohymer; s [asdt ianad witerthrided
to the wastewapermegest 5imMbt PraRYLtROPRRL c 6 LSRNy | BIthe defadB.f g err] ion
to quench the fluorescence of said reagent, ﬁz at |least one ion
exchange col unfi°naggted togyhe gppt ey Uugeq ditk G I Fhehanmsitewat er
when it is beipg goURphéZeHdded to THfe SEYSHIMASPeRrin this invention is a

met hod to detect and renove copper from wastewater streans from
Figure 9 is the same as Figure 6 with the addition

of a fourth tank to the polymer addition-reaction tank
system. The purpose of the fourth tank is to allow for
the equalization of the wastewater prior to the addition
of the polymer.

Figure 10 depicts a system for detection and removal
of copper from a semiconductor wastewater process stream
wherein an ion exchange column is used to remove copper
from the wastewater and a fluorometer is used to detect
copper in the exit line from the ion exchange column. A
second ion exchange column with a second fluorometer can
be optionally included. As with previous embodiments,
the signal from the fluorometer is used to control a
valve that in the event acceptable levels of copper are
detected will send the treated wastewater for disposal
and in the event unacceptable levels of copper are
detected will send the treated wastewater either to a
second ion-exchange column for further treatment or will
recycle the treated wastewater back to the first ion-
exchange column for further treatment.

Figure 10A is the same as Figure 10 with the
addition of a resin regeneration step in which said ion
exchange column is regenerated using standard acidic
treatment with either electrowinning or resource recovery
of the copper being the next step.

Figure 11 depicts treatment of the dewatered sludge
containing the precipitate of copper and polymer. The

first treatment involves recovery of the copper metal




iseniconductor processes conpri sing: using a fluoroneter and a

i Fluoronetric wadoyoB2aaal nethod for the detection of copper, apgdraseos1sess Ng
~at | east one ion exchange colum to renove copper from said wastewater
]The ei ghth aspect of this invention is a nethod to detect and renove copper
’fron1mastemater streans fromprinted circuigt board processes conprising:
using a fluoro f (olyi Ty Htigal d _fo etection
| of copper, Hgiﬁ?ngﬂg¥éTe%%€goneE?@%”%QQLan g%ggggaﬁg ggrégégg gopper
fromsai d wast pwacessing and \Whe(f<€032R31 treatment option involves
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DESCRI PTI ON OF° TRE-BRAy REsTPe S149% Biedt & f#é‘eépspfjcgt CERenEBELER 1 nes
on the f|guresraceSﬂepniorot@e¢msno&dkxﬁd|anahp@mgwau danaé€dflions between
the indicated pieces of equi e Fi a wast ewat er
treat nent system conprising reacti on system

For purposes of thlS appllcatlon, a fluorophore is

any moiety that when excited with light of an appropriate
wavelength will emit light at a longer wavelength than
the excitation light and this emission light is then
capable of being detected by a fluorometer.

For purposes of this application CMP stands for
“chemical-mechanical polishing or chemical-metal
planarization”. The CMP process, which involves removal
of both dielectric and metal surface layers from a wafer,
is described in great detail in U.S. Patent No.
4,944,836. Wastewater from the metal-CMP process contains
used polishing slurry, with this used polishing slurry
being composed of oxidant, abrasives, which include, but
are not limited to, silica, alumina, manganese oxide and

tungsten oxide, chelants including, but not limited to,

citrate and ammonia, metals, including, but not limited
to, copper, in the form of cu*? ion, which is sometimes
referred to as soluble copper, and other organic and

inorganic additives including, but not limited to,

surfactants; and rinse water. Acids and/or bases used
for pH adjusting may also be present.

It is noted that oxidants are typically present in
wastewater from CMP semiconductor processes. It 1is
known that prior to removal of copper from the wastewater
it is désirable to remove any oxidants present. This is
because if the oxidants are present in the wastewater
contacted with the polymer, as is described in the

! current invention, the oxidants will react with the



and a fluoronetric nethod of detecting copper in the wastewater after the
wast ewat er haWoP8@d3ireated with polymer. A microfilter is uPed/uS99/15005
separate the polynmer- copper precipitate and other solids present fromthe
wastewater stream In this figure the sensor for detection of unreacted
polynmer is positioned in the first tank of7 the two tank system used for

addition and pebghéoNnfofst NecHes yierded tduaaich WIS kAR ymEe Ko
fromthe fl uorogrs%g{:ﬂais used to control a valve in a feed “forward nmnner

by opening it t 2 EBRREE ER t BB e W1k thes sePReTor Thishe event

unacceptably higfrhexeisnols €ORPSIraR A oot by LhRiilieakhad wast ewater,
the valve w il be automatically closed to send the treated wastewater

back for furth8rapEbEees| af. Polimeriang cemmigast Gos rearis vdldt dhet r eat ment
system conprigbpged HPESENE ANK DAL VB, addidj+on; Syst e and, & 4 fluoronmetric

met hod of detecting copper in the wastewater after the wastewater has been
treated with pBF§RERt M veskemrterrwill Wearads depacxchange pelsimsr - copper

precipitate angnQt8eft5ohi dsnPhEsent rﬂH%{;Q ; ; I reay There are

t hree tanks rerslent _in thi s§%y§t e%] mwi t I%%g l???(fsl?\é?}tafﬁl%tl?%ﬁg g;lsed to

adj ust the pH Bechhbquenkrewatitr the crrt o athalesdsioniaige thissien @xddardet ed

with the pol yoere,l hj | . r I ..on.of _ unreacted
MBreol Bad ééﬁiﬁﬂ%fs%f‘flaifr%? s,(c{]&éunf%'iﬁ%t% i@ 5

polymer is positioned in the secon hrée tank system used for
addition and readstevatef phetrootement \prdress.d st ewaoval Bife signal from
the oxidants from the wastewater from a semiconductor process
is not part of the instant invention. Nevertheless, the
wastewater that copper will be removed from as described
herein is assumed to have all of its oxidants destroyed
prior to having its copper removed.

Wastewater from manufacture of printed circuit
boards does not contain abrasive solids, but does contain
organic and inorganic components, including, but not
limited to, etchants, photopolymer developers, resist
materials, photopolymer strippers, acids, and bases;
metals, including, but not limited to, copper; and rinse
water.

Referring now to Figure 1, copper detection and
removal system 10 is illustrated. Copper detection and
removal system 10 has two tanks, first tank 14 and
second tank 16. 1Inlet line 18 supplies wastewater from
either a CMP process or a process to make printed circuit
boards to first tank 14. The pH of the wastewater is
measured and, if necessary, adjusted by addition of a
suitable reagent such as sodium hydroxide to make basic
or sulfuric acid to make acidic, so that the pH is
between about 5 and about 10. After ascertaining that the
pH of said wastewater is in the proper range, polymer is

added from polymer storage area 24 using a suitable
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12 fluoronet &0 PHI3R¥ed to control the distribution of treatadvoshasaser
in a feed forward manner the sane as in Figure 1. Figure 2 depicts a
wast ewat er treatnent system conprising a polynmer addition systemand a
fluorometric nethod of detecting copper insthe wastewater after the

wast ewat er has dmsreirRALRGNY,t Rulsl ¥EBpumd %Creﬂkbﬁﬁﬁ rHéfdfé q
separate the p Iyner-copper precipitate and of her d% esent fromthe

wast ewat er str this figure the sensor for det ectlon of unreacted
pol yner is posntlorma fputyh@rt hisr dqtiapk ¢ af fwgttjeéﬁﬁ i@%éﬁfé@ﬂé?ﬁ
addition and reaction 0 he polynmer with said wastewater he S|gna? from

the f 1 uor onet erfi fddgnigy é@ﬁ@ﬁ@?nﬁh86d|thﬁbB@lmmeDfu$¢®a¢©m Iomsamyat er
"n a feed fOrWﬁﬁQHﬁﬁﬁﬂ%blEH@rseﬁﬁaﬁie'BfFEgHEglﬁgdﬁlth HouwfSdepicts a

‘wast ewat er treatment system conprising a f1on sys W5 and a
L1 uoronet ri ¢ MSIARREIofEY doast engudbsppde PﬁephelmageeW%mEQUQﬁwww t s

wastewat er has 90n ddt8ahed Wi sNyRAk¥IRbodAtALET 855 0E £ in wastewater

streams from semiconductor and printed circuit board
processes is usually present in the form of Cu*? ion which
complexes with other components of said wastewater.

These other components include, but are not limited to,
EDTA (ethylenediaminetetraacetic acid), water, acids and
acid salts. Therefore, when wastewater is contacted with
either polymer or suitable reagent it is the Cu*® ion that
actually reacts with said polymer or suitable reagent,
not copper metal itself.

Suitable polymers are water soluble ethylene
dichloride ammonia polymers that contain at least 5 mole
% of dithiocarbamate salt groups as described in U.S.
Patent No. 5,346,627, herein incorporated by reference.
The preferred polymer is a water soluble ethylene
dichloride ammonia polymer having a molecular weight from
500 to 100,000 that contains from 5 to 50 mole percent of
dithiocarbamate salt groups. The more preferred polymers

are NALMET®8702 (which contains approximately 33% of
dithiocarbamate salt groups) and NALMET ®1689 {which
contains approximately 50% of dithiocarbamate salt
groups. The most preferred polymer is NALMET® 1689. All

? NALMET® polymers are available from Nalco Chemical
Company, One Nalco Center, Naperville, IL 60563-1198,
{630) 305-1000. The amount of polymer added to first
tank 14 is controlled by controller 32. A suitable




I's used to separate the polymer-copper precipitate and other solids present

fromthe wast ¥R088234t r eam
unr eact ed pol yner

In this figure the sensor for det RXETVE¥HH005
is positioned in the wastewater streamat a point after

t he copper-polyner precipitate and other solids present have been renoved
fromthe wastewater. The signal fromthe fl%uoroneter is used to control
di stribution otohteal bdrwhst evmhercidll oy faed fapnearahdraer dritRrsaii as in

Figure 1.

t he

Fiqure 4 depicte a t ewater treatnent system conprising a
pol ymer additiBﬁagﬁfg?’é’f‘n%ﬁ"‘%Tfl%RﬂV@ M e (HEB6F LdECBERPNG copper in
the wastewatercghtes1ibp 9851 eV S d1a% NRGILdY Gl Gl 1\Wr! fi_spghwerd 0

mcrofilter is used to separate the pol yner-copper precipit

007 03231

te and
first tank 14. Sensor 34 detectsp@nresgtetspod ymer in

WO

13 other soli d§ip§§sggﬁ¥f1@rgﬁ@eam§@gva&g SthEYR 8:?2 ,Syfjgure there is

a fluoroneter

used for fluoronetrit detection of co

after the precppiunatengfthpel puerindppte afd rorpe28solsugd Fhederthe

level of unreacted polymer is kept to a minimum. A
description of sensor 34 can be found in U.S. Patent
No.’'s 5,401,420; 5,328,599 and 5,411,889, which are all
herein incorporated by reference.

Wastewater leaves first tank 14 and enters second
tank 16 where it is concentrated to increase the level of
solids present by being mixed with rejected stream 42.
Rejected stream 42 contains rejected water with solids.
The wastewater in second tank 16 now contains solids up
to a level of about 10%. This wastewater-solids mixture
is then conveyed to microfilter 36 using pump 29 as the
means of conveyance. In microfilter 36, solids, which

*2 as well as other solids

include precipitated polymer-Cu
present in the wastewater are separated from water. The
solids circulate, along with some water, to valve 38
where a certain amount of solids exit in sludge line 25.
Sludge line 25 is then sent out for either disposal in an
environmentally sound manner or for further processing
such as dewatering, not depicted, to recover copper
{and/or other materials) prior to disposal. As stated
previously, reject stream 42 contains rejected water with
up to about 10% solids.

Treated wastewater exits microfilter 36 as permeate
stream 46. Fluorometer 44 is positioned to remove a
sample from permeate stream 46 at sample point 47.
Fluorometers suitable for use in this system are known in

the art and are commercially available from Turner

ocated at a point



have been renoved fromthe wastewater. The signal fromthe fluoronmeter is
used to contreboh3anount of pol yner added to the wast ewat er petrussmsors a
f eedback manner and the signal is also used to control the distribution of
treated wastewater in a feed forward manner the sane as in Figure 1.
Figure 5 depicts a wastewater treatnent system conprising a polyner

addi tion syst esagntha Ffldlor O iesthalad Bbedgbeckingy6opaer in the
wast ewat er after tthe wastewater has been treated wth polyner. A

mcrofilter iGldarnia sdfdth-e Mhe gompier ofoppemeptecipi ther and ot her
sol i ds presentcgr{ﬁyggglf wast %w%tﬁrta?tlree@@a LRt hi 8y cf EQFEQbE.QEESaJ;én@ first
fl uoroneter used for | uoronetric etectlgn of copper located at~a poi nt
after the pregd pthegan cfugiolihadr idoppseflandeschat, sbitdshepr ébeneabbse

been renoved from tdigzvwast eygter, %’gﬁ%erg%_ggph ‘I“SP‘%} he, i nsds fi%{)sr oneter is

used to control the amount of pol dtot wast ewat er reamin a
f eedback mannefluomaacence dibem £hedcofd thleuseegensr byusétisel . deThet

unreacted cop I, that 4 f Si ke t ' ent on
For “di sposal " ot (A qitciity Sr (nf, SERSERYRERE.SDECRE SRLeABIETT e
di stribution ofeagesdt eics whistesvidtyereilatadf ¢odther mmpdntnafineoppbe that as in

A S st M

t he wast ewat erwfht @h'f herewist einatlesn irest & eargairieatoethpaivniispobyuieh. ase

mcrofilter  yeseribed in U.S. Patent 5,411,889, which is incorporated
by reference. In addition to those reagents described in
U.S. Patent 5,411,889, the composition of another reagent
suitable to react with Cu'® ion is glycine (10.2 %), 1,10-
phenanthroline (0.070 %), then adjust pH with aqueous 6N
HCl to a pH of 3.0%0.1, Zn{S04}e7H0 (0.043 % } and
water (B5.6%, includes water added from all sources,
including 6 N HCl).). The mechanism by which this method
works to detect copper is believed to be, without
intending to be bound thereby, as follows: when either
the reagents described in U.S. Patent 5,411,889 or the
zinc- {1, 10-phenanthroline)reagent described above come in
contact with Cu*?, a reagent-Cu'? moiety (which may be, but
does not have to be, a complex) is formed and the
fluorescence of the reagent-Cu*’ moiety is lower than the
fluorescence of the original suitable reagent. As the
level of Cu*? increases, the level of fluorescence
decreases (i.e., reverse fluorescence method). In
summary, with suitable fluorescent reagents, when they
are combined with Cu*? the formation of the suitable
reagent-Cu*? moiety causes a decrease in fluorescence

which is linearly related to the level of Cu'? present.



S used to separate the polyner-copper precipitate and WO 00/ 03231
PCT/ US99/ 1500W0 00/03231 14 ot her sol i ds ROTASAMSG050m
the wastewater stream In this figure there is first fluoroneter used for

-fluoronetric detection of copper located in the first tank of the three

tank systemused for addition and reactiorklof polyner. The signal fromthe

first fluoronerre thRatgedihOfTeMiéderddte cButefcaiOineRiseadded to the
“wast ewat er strggg%ln a feed forward nner. There is al so a second

!
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f | uor onet er buiRe bR LHPRURYE Rf GHRRET iFHilHaP LSS toR NoPerReate

wast ewat er strgepehlale] Sas€8td Dy ﬂié&(@@iod HlsHiged i @ngti.he second
fluoroneter is_used to control the distribution of treated wastewater using

f eedback contrBRtent S, 4 8F % Preavignskancerrargies PX eedepencrat a
lanel | ar cl arléh@ﬁlﬁoth@\ﬂﬁﬂo@f{t%f%ﬁéé tele AL PIRECe@sh tank is used in

pl ace of the mcrofilter, lgure 7TA is the sane as Figure 1A except
that a specifications, then permeate stream 46 can be

recirculated through recirculation line 56 back to first
tank 14 for further treatment with polymer. This
recirculation can be done automatically by having a
signal from fluorometer 44 used to control drain valve 45
as follows: the normal position of drain valve 45 is
open, leading permeate stream 46 to disposal line 49.
However, when the copper level is found by fluorometric
analysis to be past an acceptable setpoint, then the
signal from fluorometer 44 is used to close drain valwve
45 which causes permeate stream 46 to recirculate back in
recycle line 56 to first tank 14 for further treatment
with polymer. Optional datalogger 58 can be used to keep
a continuous record of fluorescence detected so that the
overall removal process can be constantly monitored.
Figure 1A depicts copper detection and removal system 11.

Figure 1A is the same as copper detection and removal
system 10, as illustrated in Figure 1, except that
optional tank 12 is present in said system 11. Optional
tank 12 is the tank into which wastewater first enters.
The pH of wastewater is adjusted to be between about 5
and about 10 in optional tank 12 using a suitable reagent
described previously. From optional tank 12, wastewater
is conveyed to first tank 14 wherein treatment with
polymer occurs. As is the case with system 10, sensor 34
is positioned in first tank 14.

Figure 2 depicts copper detection and removal system

20. Copper detection and removal system 20 is the same

as copper detection and removal system 11, except that



sand filter followed by a back wash tank is used in place of the
mcrofilter. WO0003B1Igure 8A is the same as Figure 1A except tpegiusdoismesond
sensor for unreacted polyner is used in the third tank of the 3-tank

pol ynmer addition and reaction tank system and a third sensor for
unreacted polyner is positioned after thezpnastewater stream has been

through the msengbil B8risAbbstiPLERe§ENSO écﬁfnga‘r}ng??e,edratc%e&h%han in

controller used to deternine the anount of pol dded ~ to the wastéewater
stream Eigatetsrki 34t heSenper a34 A gus el LA deadapted Hat detesdcond

sensor for Unfﬁﬁﬁéggtgelﬁgﬁ§mé§,uﬁf@hiﬂhéhgmé§3{f£ftﬁﬂy%égke%h?o%kkﬁgk
pol ymer addition and reaction tank system Both sensors are conrnected to
t he control | er PefBaduseddepeeaieot heumpod®t of pol yner added to the
g%;}ﬁggg?&SSBgea”‘ Figure® 80593¢8 copper detegtion aﬁﬂgﬁ%ﬂ?%ﬁ&ia¥sﬁﬁglsane
as Figure 1A ex8ept Cohperadebeohiion easdrrénovahraatted 30oliyrehe Same
positioned in Bgecopper detection and removal system 11, except that
sensor 34 is positioned in permeate stream 46, rather
than in first tank 14. Sensor 34 is still designed to
detect polymer, with the amount of polymer detected being
used to control pump 28. With sensor 34 positioned at
this point in the process, it is understood that any
amount of polymer detected means that a gross excess of
polymer is being added to first tank 14 and immediate
appropriate corrective action should be taken in reducing
the amount of polymer being added to first tank 14.

Figure 4 depicts copper detection and removal system
40. System 40 is the same as system 11 except for the
fact that in system 40, there is no controller 32 or
senscr 34 present, rather, the control of pump 28 is
based directly on the signal coming from fluorometer 44.
The signal coming from fluorometer 44 is directly
related to the amount of copper still present in permeate
stream 46; therefore, when copper is detected above the
setpoint, the signal is not only used to increase the
amount of polymer being added to first tank 14, it is
also used to close valve 45.

Figure 5 depicts copper detection and removal system
50. BAs is true with system 40, in system 50, there is no
controller 32 or sensor 34 present, rather, the control
of pump 28 is based directly on the signal coming from
fluorometer 44. The signal coming from fluorometer 44 is
related to the amount of copper still present in permeate

stream 46; therefore, whén copper above the setpoint



perneate line fromthe mcrofilter. Both sensors are connected to the
control ler us®P 3t ermine the amount of pol ymer added to t hRCTHHS9EESer
stream Figure 9 is the sane as Figure 6 with the addition of a fourth
tank to the polymer addition-reaction tank system The purpose of the
fourth tank is to allow for the equalizati @ of the wastewater prior to the
addi ti on of théegeﬂyﬁerpresentEigheesiendEpietﬁs@dsy@tfﬂ&f@éséetﬁﬁkiOn.and
renoval of co (o] 1 conduct or st.ewat e _process ream wherei n an
i on exchange E%ﬁ%ﬁﬁEigkﬁ %gg#%9r5569g 8@%68r¥$r§h¥$ etﬁ%gti%ate¥nand a
fluoroneter is agsiddivn detéduomompeEri94;hEhexétigi??sérﬁwﬁééﬁtiﬂﬂ gxchange
colum. A seco lLon change cal wth a secon uoromet er can be
optionally inc%&gg o §§ ﬁiF%cﬁpgv%gggr8ﬁﬁBafngit§%t?h%“s?%ﬁ%ﬁn§$on1the
{fluoroneter isdasedobggezoBtr ab aovslinaoubay honiber evratanseeptapl e | evel s

of copper are detected will send _the _treated wgstewater for disposal and in
ithe event unacéﬁf??ﬁlErF5$QF318fth8p58Fman GRt edPBdii ALSBEABLt AdDEr eat ed
wast ewat er eit lgr. tosacsaeofdubeBmexehangeqeobst® EQ5pdrirdiegi th&ad or

will recycle the treﬁge%rmastemater back to the first ion-" exchange colf um

for further tr&atffR om gisppgalohing fReakatanpke pYinte 49 aRdh the

addition of a nesictihgyeastakbRPlet ARthNaWohEPaSPé Ord AleSXCARNGES CLIWER 1S
r egener at ed uség&-standard acidic treatnent with either electrow nning or

resource recov V6F the copper being the next step.
Figure 6 depicts copper detection and removal system

60. As is true with systems 40 and 50, in system 60,
there is no controller 32 or sensor 34 present, rather,
the control of pump 28 is based directly on the signal
coming from fluorometer 64. Fluorometer 64 is positioned
to detect copper in wastewater by using sample collector
65 to remove a sample from wastewater that is present in
optional first tank 12. Thus, system 60 is an example of
feed forward control, rather than the feedback control
present in the previous systems. Fluorometer 44 is also
present in system 60 for monitoring of copper in final
drain line 57. As is the case with previous systems, the
signal from fluorometer 44 is used to control drain valve
45. Should the amount of copper detected exceed
specifications, then permeate in line 46 can be
recirculated through recirculation line 56 back to first
tank 14 for further treatment with polymer. This
recirculation can be done automatically by having a
signal from fluorometer 44 used to control drain wvalve
45. This would work as follows: the normal position of
drain valve 45 is open, however when the copper level is
found by fluorometric analysis to be past an acceptable
setpoint, then the signal from fluorometer 44 is used to

close drain valve 45 whiéh causes wastewater to



Figure 11 depicts treatnent of the dewatered sludge containing the
precipitate ovO®8BIEt and polyner. The first treatnent invol veeTmsswisessy of
t he copper netal WO 00/ 03231

PCT/ US99/ 15005 16 using either
hydronet al | urgi cal processing or thermal p4ocessing and the second

treatment optigdcirvel yes pacRtEEN Lt tthﬁzks|ll4d%rU§hQ'9h@rdEk@ﬁtﬁ@ﬂta

cenmentati on progc ss ior to dlsposal i n an approved | andf

DESCRI PTI ON OF ¥ oN Optiongdy dafiglnsges &f Fﬁpsbappseéat:poheea

f I uorophore i sa @cskytm&&y toadranen A oiicen dbik @Rt <8 sBNcARPT PRE! AT €
wavel ength will emt_light at a | onger wavel ength than the excitation

li ght and thi CERFaL} oFFTPYMt RPEOGHEH cadnpshiconstapsiligngaisered-by a
fluoroneter. rigur&of R5POSESHp f“&%eEaﬂlo%a%hanrENBvE&an§tL8r70

"chem cal - nechanlcal pol i'shi ng or chen1ca nmetal planarizati The CWP
process, which Thi®l iesthensire af qnnnenndguggﬁﬁp@ and memavadusfateml ayers

froma wafer, ip, descépPethid HEHi IR d N 1Y SysPaRkeTd Ns been
replaced by lamellar clarifier 91, sand filter 93 and
back wash tank 99 for separation of precipitate from
wastewater. After separation in the lamellar clarifier
81 solids are sent through sludge line 167 for further
dewatering using conventional dewatering equipment, not
depicted. The effluent water, which still contains some
solids is conveyed from lamellar clarifier 91 to sand
filter 383 through transfer line 171. Further separation
takes place in sand filter 93 from which water leaves
through permeate line 46. Periodically, sand filter 93 is
cleaned by running fresh water through line 187 into the
filter causing solids and water to be displaced from the
filter through transfer line 173, using pump 94 to enter
back wash tank 99. From back wash tank 99 solids leave
through sludge line 168 and water is recycled through
line 169 back to first tank 14 for further treatment.

Figure 7A depicts copper detection and removal

system 75. This is the same as copper detection and
removal system 11, except that the microfilter in system
10 has been replaced by a sand filter 93 which is used in
conjunction with back wash tank 99 for separation of
precipitate from wastewater. After separation, from back
wash tank 99 precipitate leaves through sludge line 168
and water is recycled through line 169 back to first tank
14 for further treatment. Precipitate leaving through
sludge line 168 is sent for further dewatering using

conventional dewatering equipment, not depicted.



4,944,836. Wastewater fromthe netal - CVMP process contains used polishing
sl urry, with WRi%/088&d polishing slurry being conposed of oxi dQIVYS99/15005
abrasives, which include, but are not limted to, silica, alumna,
manganese oxi de and tungsten oxide, chelants including, but not limted to,
citrate and ammonia, nmetals, including, b@ not limted to, copper, in the

form of Cu[er riigure &Mﬂdﬁpﬂdtsﬂbaypeﬁe%e&%k&&b@dahg %§m§959b5?s€8ﬁp§0 and
ot her organic ﬁ@g |ﬁorq&H%c addi tives includin but not |im
surfactants; STRMNeAGSI SORRE0 A2 SE 4 Ots 8af SRMBIRAJFUSERRY may

al so be presertl, with e izudiotiesh Ufafan@tlh@%nb%l%ért ¥Bheak! yapresent in
wast ewater fr CMFCgenlconductor processes known that prior to
o e

renoval of co M7 SRS Sidkert 6 FPdl§n@§§?FaBPéY$6rréﬁb@@raﬁ§
oxi dants preserdcatl Sir %eﬁ%@&%t‘r“eaﬁhﬂ 60Xl i@'lt %eﬁ%@ﬁ@r S?EnthHeEggd

wast ewater contacted with the ner, as is describ current
i nvention, thdaPdHslIgY I32ré’é’éic nisie st ffdeir sxgv@lgo;tgsgsnermine

PCT/ US99/ 1500%he optimal flow rate for pump 281fo pump polymer into
first tank 14.

Figure 8B depicts copper detection and removal
system 83. This is the same as copper detection and
removal system 11, with the addition of another polymer
sensor 33 located in second tank 16. Both sensors are
connected to controller 32 which uses their signals to
determine the optimal flow rate for pump 28 to pump
polymer into first tank 14.

Figure 8C depicts copper detection and removal
system 86. This is the same as copper detection and
removal system 11, with the addition of another polymer
sensor 35 located in permeate stream 46. Both sensors are
connected to controller 32 which uses their signals to
determine the optimal flow rate for pump 28 to pump
polymer into first tank 14.

Figure 9 depicts copper detection and removal system
890. This is the same as copper detection and removal
system 60, except that a fourth tank 17 is present.
Fourth tank 17 is positioned such that wastewater enters
it prior to entering optional first tank 12. 1In fourth
tank 17 wastewater enters and is equalized by allowing
the wastewater to accumulate long enough in the tank such
that the wastewater assumes an even consistency (in terms
of percent solids) prior to leaving fourth tank 17.
Equalization takes place from 20 minutes to about 2 hours
with the preferred amount of time being about 40 minutes.

This equalization of wastewater, by evening out the



pol ymer first, causing degradation of the polymer before it gets a chance
to react w t hwiohe/oazsiper. This degradation is undesirabl e as pcrai®9fso0s
additional quantities of polyner are required to react with the copper
present in the formof Cu[err] ion. A so oxidants present in wastewater

wi || degrade ion exchange resins and certgi n synthetic nenbranes in

mcrofilters. AonbeshBhayeoknond i idie A o rdeshieuiag these oxidants
is to add sodiun1bisu|fi¥eoor sodiun1suﬂ%it§ﬁ ﬁ a h§§¥g%gfgf pr et r eat enent

process. The r&aBihitates okheadredtionm tarsl wesoawdt of toppea senithenduct or

process is NoteRMAd0F LPerhdSe jnvention. Neverthel ess, the
wast ewat er thatecop er wll be r%ﬂ%%%d fromas described herein is assuned

to have all of its Bkggeati0 ddepiayedcogpdndeatechdvnngnidt semoppér renoved.
Wast ewater fro f ur er.of ' | rcui bhoards_does not contain

abr asi ve solid§% Eut gg%é c%gﬂgﬁﬁiQ%rgé%%cgéﬁ%eﬁﬁgféaﬁpgeESnﬁBﬁ@H@S, _

i ncl udi ng, butimbet lime¢tdd imho etalwmrtank awutmmekpnﬂhedpuebﬁpersi ge3|st
mat eri al s, ph SiLi | nd _bases;. . netals, including,

but not 11t ey oo aEEE e Mk ed ddtg 3 BRRCBesalE, BeRyeRb 1o Fgure
1, copper det eRr¢vicuantly desovidiedyshwerh Hhadts wakkushtatreteaGeppebldet ection

Mhiet 1ine 16 Spbi TS5 BES avbich AT GHOS oa CENBBBRbCADs. o TARpr ocess
to make printesobércank 1bbarisstewdtigrstist aukpdd. byhpupp 085t Barvaghewat er
s transfer line 143 to enter first ion exchange column 102
where some of the copper is removed. First fluorometer
104 is positioned to detect copper at sample point 147
located in exit line 141 from first ion exchange column
102. If the wastewater coming out of first ion exchange
column 102 has had enough copper removed so that it meets
the setpoint, determined by environmental regulations,
then this cleaned wastewater may be sent directly on to
drainport 106 by opening drain valve 108. As in previous
embodiments, the signal from first fluorometer 104 is
used to open and close drain valve 108. In the event
that further removal of copper is required then drain
valve 108 is closed and wastewater is conveyed in
transfer line 139 to optional second ion exchange column
112 which can be used to remove more copper from
wastewater. Optional second fluorometer 114 can be used
to detect copper in transfer line 137 at sample point
149. The signal from optional second fluorometer 114 can
be used to open and close second drain valve 116 in the
similar way that the signal from first fluorometer 104 is
used to open and close drain valve 108. Wastewater that
still does not meet specifications for levels of copper
after contact with optional second ion exchange column

112 can be recycled back through the process through



i measured and, .if necessary, adjusted by addition of a suitable reagent
such as sodi urW@yuesxi de to make basic or sulfuric acid to nakReT@sA5005 SO
that the pHis between about 5 and about 10. After ascertaining that the
pH of said wastewater is in the proper range, polymer is added from

pol ymer storage area 24 using a suitable 27 WO 00/ 03231
PCT/U899/15005recycle line 118. Wastewater thatlaoeﬁoﬁééilag ppBans, such as

punp 28, throu r feed line 2 is added_to first
tank 14 with stgﬁpﬂrfﬁ%l catign IS SEnig f|°ﬁ7pIdéﬁﬁﬁﬁa%tg?ﬁégbol:yﬁé?fﬁ‘ée%llﬁﬁn be
any suitable pds.rer capable of reacting with dissolved copper to forma

sui tabl e precipitate. Throughout this application it is understood that
copper in wast ewat e R dedhcEdnicoprerc et eshdopr pRdede®pyedi t board

processes is usdialdem Qr&ﬁe'ﬁréﬂotd}ﬂyf Qire@cqflbgd[,eéhh 081 Whi-ehenEPIPL 6% ES

wi th other conponents of said wastewater. These other conponents 1nc Ude,
but are not I|rﬂ%@ﬁjQB§1°ﬂ§§D4q9ﬂMﬁﬂYéﬁéﬁﬁ@@@ﬁébeﬁyaﬁéénﬂ@SaC|B?Slnater

aci ds and regeneration with optional recovery of copper system 105
shows the regeneration of ion exchange column with acid
followed either by electrowinning 122 or copper recovery
124. Both electrowinning and copper recovery can be done
using standard techniques known in the art.
Electrowinning is an electrolytic process in which metal
ions are reduced at a cathode to the elemental state; in
this case copper ions are reduced to copper metal and
plated onto an inert (usually stainless steel) electrode.
The copper deposit is mechanically stripped from the
cathode with a knife or a chisel and can be sold for
reuse.

Figure 11 depicts treatment system 110 for recovery
of copper metal and/or treatment and disposal of sludge
material. Recovery of copper metal takes place in
hydrometallurgical process 126 or thermal process 196.

In hydrometallurgical process 126, the solids(metals) are
selectively dissolved and reprecipitated using techniques
known in the art. In thermal process 196, high
temperatures are used to separate the copper from the
rest of the sludge. .

Treatment of sludge material, without removing
metal, takes place by first drying the sludge in sludge
drier 128 and then subjecting the dried sludge to a
cementation process in equipment 130. Cementation is a
process used to stabilize sludge and prevent the leaching
of heavy metals from the landfilled sludge. Typically,

lime or silicaeous (e.g., sodium silicate) materials are



acid salts. Therefore, when wastewater is contacted with either polyner or
sui t abl e reagd¥ntoofo323ls the Cu[err] ion that actually reacts parisosyssoos
pol ymer or suitable reagent, not copper netal itself. Sui t abl e
pol ymers are water soluble ethylene dichloride anmonia pol yners that
contain at least 5 nmole % of dithiocarbaRite salt groups as described in
U S Patent Ndxed 3t i5xhe hdnrige,i asoipanatedtby ief Piguee. 11The
preferred pol mater sal.ubl e eth ne,_dichl or ni, a | yner
havi ng a nol eéﬁfearre% € fFom* l‘aa(‘fﬁ‘ef)&slé@?ﬁﬁba?ﬁa?rﬁoﬁgg?% ‘f’r%ﬁ‘?g‘gto 50
mol e percent afluddid hirodairharmaze sabtsgaammszeahglﬁage pegtesred pol yners
are NALNET8702 whi ch cant ai ns apprOélnateI 3@6ﬁ% . githiocarbanate sal t
] L aephaeie

groups) and PO (3fhilth 1in&odeai AR gRg 585 of

dlthlOcarbaﬁBU&ﬁﬁﬂﬂlliﬁgﬂhk%edﬂa% maskipgehenegehaplyirey testALMETESI ]
1689. All N%WT[err]gol yrrers are ava|I abl e from Nal co_ Chem cal

Conpany, One Ly iCOMg; lPECBo§6§h1§éé logg303n405- 1000. The
anount of polyﬁﬁﬁdﬁyMHignglrst tank 14 is controlled by controller 32. A

sui tabl e . . ) . .
By using the embodiments of the present invention it

is possible to reduce the amount of copper in wastewater
from a semiconductor process or a printed circuit board
process by between about 1% and about 99%. This makes
the claimed invention of great wvalue in the semiconductor
and printed circuit board industry.

While the present invention is described above in
connection with preferred or illustrative embodiments,
these embodiments are not intended to be exhaustive or
limiting of the invention. It is to be understood that
various ‘changes and modifications to the presently
preferred embodiments described herein will be apparent
to those skilled in the art. Such changes and
modifications may be made without departing from the
spirit and scope of the present invention and without
diminishing its attendant advantages. The invention is
intended to cover all altérnatives, changes,
modifications and equivalents included within its spirit

and scope, as defined by the appended claims.
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19 controll eW?@’%ﬂmrm/ﬂ‘w ﬂml d sold under the tPEHYREH/IS005
NALMET[ err] 2000 by Nal co au? Controller 32 is linked to
. sensor 34 which is placed in first"tank*I4. Sensor 34 detects unreacted
polymer in first tank 14 and adjusts the fPow of polynmer by adjusting the
punpi ng rate of punp 28, such that the CragMsof unreacted polymer is kept
to a m ni mum escr t|o of .se “34 can be found in U_S. Patent
No.'s 5,401, 420; 5 e§‘ Eflg%@‘:tmm’ hT&P8YE| FOPRRF ef Fom

i ncor por at ed bwa&&h@m&mQEStreams s taeakahulfaavasef b Stehdbbnddcebddsenters
second tank 16 where.it is concentrated to increase the level of solids
present by bei T RETWth rej ected stream 42. Rejected stream 42
contains rejected water W tfluselomdser;The wastewater in second tank 16 now
contains solids up .to a level of about 10% This wast ewat er-sol i ds m xture
i s then conveyed to®fi cr & HeegenE6 thatnyhgonpddedatot Hee waskrwater
conveyance. keatit® afiich ehy3Bopplki ftestliClin LAE HOBNPLLLR ALR0 o
polymer-Cu[err] as well as other Solids present in the wastewater are
' separated fromMEPER. Hige flyoredsearecafasaidarsagentih sone water, to

' val ve 38 c) a polymer, which when added to the wastewater
stream causes the precipitation of any copper present in
the form of cu*? ion;

d) a polymer distribution and reaction component

comprising
i} a means to add polymer to the wastewater,
ii} a controller to regulate the flow of
: polymer into the wastewater, and
iii) at least two tanks;
e) at least one sensor to detect unreacted
polymer; and
£) a means to separate the precipitate from the
wastewater stream; and
g) optionally a reagent to adjust pR of wastewater
prior to it being contacted with polymer; and
h) optibnally, at least one tank to hold the
wastewater while its pH is being adjusted; and
i) optionally, at least one tank to hold the

wastewater while it is being equalized, prior to its pH

being adjusted.
2. A system to detect and remove copper from
! wastewater streams in the manufacture of printed circuit

boards comprising:

a) a fluorometer;
T T T REPLACED SHEETS SG
ot Has Becn Replaced [ Description : paged %gtg paged ...vee.
T e fove o
{1 Drawing{s) : paged ....... to paged ...
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where a certain anount of { Tl udge line 25. Sludge line 25 is
then-sent _out wosvzner of AN MITN HL IV 7onrent ol soundpemessinsot
for further processing such a8 dewdtersing, not depicted, to recover copper
(and/or other materials)-prior to disposal. As stated previously, reject

stream 42 contains rejected water with wup3to about 10% sol i ds.

Treated wast ewat er Bxitsancehgbhtt €haB6wREnPEAIEAtE, Sid GRR UG LIOT ONEL er

44 is positioned to renmpve a sanple from perneate stream 46 at sanple

point 47. Fl ubF8REEeFstBUPPELFEPPEF DERSERtt Hh sthy sterm f% Rhowhonntot he

art and are coggBhehath¥ avabkabbeénks OB THADE reagent YO 00/ 03231
PCT/ US99/ 15005 20" Designs Inc. , 845 West

Maude Avenue, Sunny@al e, @ Bal¥PeFni shiohosken eddednt cthd wrstmeatels then
contact ed “‘thsﬁr@HbI@Qb@eéeﬁﬂgnﬁerhﬁiEHti@P!gariﬁﬁﬁﬁg per é%%?@ﬂt%ﬂ?h
t err- Tt Yorme a

that it is fluorescent, but en" it reacts W
r eagent - Cu[ er r FhRofetp phafuliagongss fluorescence than that of the r eagent

by itself. The d) a polymer distribution and reaction component
comprising:
i) a means to add polymer to the wastewater,
ii) a controller to regulate the flow of
polymer into the wastewater, and
iii) at least two tanks;

e) at least one sensor to detect unreacted
polymer; and

£) a means to separate the precipitate from the
wastewater stream; and optionally

g) a reagent to adjust pH of wastewater prior to
it being contacted with polymer; and

h} optiocnally, at least one tank to hold the
wastewater while its pH is being adjusted; and

i) optionally, at least one tank to hold the
wastewater while it is being equalized, prior to its pH
being adjusted.

3. A method to detect and remove copper from
wastewater streams from semiconductor processes
comprising:

using a fluorometer and a fluorometric analytical
method for the detection of copper, using a polymer to
react with said copper in the form of Cu*™ ion to form a
precipitate, and removing said precipitate from said
wastewater.

4. A method to detect and remove copper from
wastewater streams from printed circuit board processes

comprising: I

Has Been Replaced
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anmount of quenching of the ﬂn uuhe suitable reagent is
directly rel a‘?’g&%@ﬂ he amﬂ.““ﬂlﬂmmég H] et IS present in PREEANDI00S
Suitabl e reagents to react With Cu[€tr]® afe bici nchoni nate organic

conpounds, which are described in U S. Patent 5,411,889, which is
incorporated by reference. In addition té!those reagents described in

U.S. Patent 5,411, 883ngt ke fdompasietiean aall anﬁlhefoméﬁﬁﬁﬁtanﬁy%ltﬁéél(?ot 870
I ne .

react with Culerk]. 4 i lycine ((10.2 9%, 1, 10- henant hr o

%, then adj us%tp dlvvi ol Zcé’%e%écﬁ‘eéﬁ(mﬁd’f FBPBerkaﬁfn%.ﬁoPﬁ}Ymer to
Zn( SO err]) [ emelet] erith0 se@dD4dplel andtheaEsEn(85. 62 ibel wdegowat gf added
fromall sources, . anluding|6 N HCL%.). The mechani sm by which this method
works to det ePFCEoRF&A e BIS EFBRViBIbE2 LT PReGIPitaERNEFP $3lde bound

t hereby, as feklsawsatetren either the reagents described in U S Patent
5,411,889 or the ﬁinc-é},lo-phenanthroline)reagent descri bed above cone in
contact with Cu [ePr], & rdE§EM fEuPEFRFtNBREt FEMANE cROPRST bEromut  does

not have to beasket@mRireskredmsOnRednantlahliacthbOr §8CEAREHhat{ors
reagent-Cuferr] noiety is |ower than the fluorescence of the original

sui tabl e reag&MPTI5A89% he |evel of Cu[err] increases, the |evel of

fl uorescence decreasesa( if1@orom@terse fluorescence nethod). In sunmary,
with suitable fluorescent reagents, when they are conbined with Cu[err]
the formation of tRe su?té@P@entréé@énvh€n[é@?eﬁnt@t?h%am%%%ewaU@nrease in

fluorescence rehiceR Wsthi B8’ bypbekapedsbact e Lgveloaf & fonrl jpResgnt .
quench the fluorescence of said reagent;

c) at least one ion exchange column; and

d) optionally, a tank to contain the wastewater
when it is being equalized.

6. A system to detect and remove copper from
wastewater streams in the manufacture of printed circuit

' boards comprising:

al a fluorometer ;

b) a reagent that when added to the wastewater
reacts with any copper present in the form of Cu*? ion to
quench the fluorescence of said reagent;

c) at least one ion exchange column; and

d) optionally, a tank to contain the wastewater
when it is being equalized.

7. A method to detect and remove copper from

' wastewater streams from semiconductor processes
comprising:

using a fluorometer and a fluorometric analytical
method for the detection of copper, and using at least
one ion exchange column to remove copper from said

wastewater.

1 cct Has Been Replaced
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21 The changeV® AlA323br esc be used to deterni meTtsey/ssvmAINt

of copper still present in pernmeate stream 46, according to the nethod
described in U S. -Patent 5,411,889, previously incorporated by reference.
Shoul d t he amobunt of copper detected exce@dd specifications, then perneate

stream 46 can be FGCIrCA|ﬁbQﬁlot@ug€té@§Ié§§|§§m@@e|t8§pé§ PagKk to first
tank 14 for furtper treatnent Wi th poly This recircul ati on can be

done aut omat i F&PF§VBY S RaditnGaRSsEgR IPFFBHF#IGbF%H%FePOQEdus@@°¢%s%%ﬁtroI
drain val ve 4gomprishihgws: the normal position of drain valve 45 is open,
| eadi ng perneate stream 46 to disposal |ine 49. However, when the copper
| evel is found by PF&BSOﬁEﬁFP€r8W§F9§|§ngoab@lﬂﬁé?m%hrh%c@mﬂ%&ﬂ%C%btp0|nt

then the signabthb@mhbugeeaBtebnissi éoggeg tong! @sen r@t ”lé@‘é%e fe Which
causes perneate stream 46 to _recircul ate back i n recy lTne 56 to first

tank 14 for fuPRh8XCPRBIENERLURAL KOPBEPAEE. CQBP?@néIOMaweﬁt@@&#GSS can be
used to keep a conpinuogser ge@hda0bsl LHQiRSSEDG e HELECLRE S9 dhalafhe

wastewater is adjusted to be from about 5 to about 10,
before using a polymer to react with said copper.

10. The method of Claim 4 in which the pH of said
wastewater is adjusted to be from about 5 to about 10,
before using a polymer to react with said copper.

11. The method of Claim 7 in which the pH of said
wastewater is adjusted to be from about 5 to about 10,
before using at least one ion exchange column to remove
copper from said wastewater.

12. The method of Claim 8 in which the pH of said
wastewater is adjusted to be from about 5 to about 10,
before using at least one ion exchange column to remove
copper from said wastewater.

13. The system of Claim 1 further comprising:

j) one additional sensor to detect unreacted
polymer, positioned in a different place than the sensor
described in section e).

14. The system of Claim 13 further comprising:

k) a second additional sensor to detect
unreacted polymer, positioned in a different place than
the sensor described in section e) and the additional

sensor described in section j).

15. The system of Claim 2 further comprising:
j) one additional sensor to detect unreacted
polymer, positioned in a different place than the sensor

described in section e}.
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overal | .renoval r{’Dr ocess can be constantly nonitored. Figure 1A depicts
copper det ect YOP'4¥ P! enoval system 11. Figure 1A is the sarRCTAGSREP9ES

. detection and renoval system 10, as illustrated in Figure 1, except that

optional tank 12 is present in said system11l. Optional tank 12 is the
tank into which wastewater first enters. 33The pH of wastewater is adj ust ed
to be between aboutl§. Thd aja@tléml@flcnmﬁlmaﬁuﬁtaiﬁﬁ: Tobmpd i riy :Sui t abl e

" reagent descri bed prevks)usl¥ tional. tank 12, wastewater is
4o ik

conveyed to first tank 1 Hein3d (s Poitamdieteturs. As i s

the case wth sysé¢aotdq, psmﬁ@r 3dositSorasiin aned fifie ddntStp =K ththn
Figure 2 depicts co er gt ectjon and renoval system _20. (?o pper detection

and removal systen? fRCEEhed IR /P0en fot & dhearrdididininal syst em

11, except thastensor d&&ﬁ%@@%ﬂ section j}.
PCT/ US99/ 15005 sensor 34 is positioned
in second tank 16, TAthefPEna¥stem ¢f rehadmpnk fM“‘@éns“cﬂ’“Mﬁ@gstl N

designed to detect unregrtgd ROAYEESna M £ AT Po Bt JWHRPHEST S YITer
a sample at a different place in the process compared to
the fluorometer of section a).
18. The system of claim 2 further comprising:
j) an additional fluorometer positioned to test
a sample at a different place in the process compared to

the fluorometer of section a).
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bei ng used to control punp 28.
detection and renova
except that

r enoval
copper

positioned in perneate stream 46,

is stil
bei ng

t he process,

syst gy

detecti 0

0%3289? pper

n an enoval system 11

| designed to detect polyner,
used to control
it is understood that any

Figure 3 depicts copper detection and

system 30 is the sane as

punp 28. Wth sensor 34 positioned at
anount of pol yner detected neans

sensor 3XCTAIS99/15005
rat herq/¢ghan in first tank 14. Sensor 34
wi th the amount of polynmer detected

this point in

that a gross excess of polyner is being added to first tank 14 and
i mredi ate appropriate corrective action should be taken in reducing the
amount of polyner being added to first tank 14. Figure 4 depicts
copper detection and renoval system 40. System 40 is the sane as system 11
except for the fact that in system40, there is no controller 32 or
sensor 34 present, rather, the control of punp 28 is based difectlyjon the
signal comng fromfluoroneter 44. The signal com fromflupronetér 44
is directly related to the anount of copper still esent in perneafeR
stream 46; therefore, when copper is detectgd set pof nt,
signal is not only used to increase the a of pol ymer bei pg added to
first tank 14, it is also used to close v Figure % depicts
copper detection and renoval system 50/As iS true\with system 40, in
system 50, there is no controller 32 sensor 34 pkesent, rather—the
control of punp 28 is based directly i i
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fluoronmeter 44. The signal coming fromfluoroneter 44 is related to the
anount of cop Ll present in perneate stream 46; therefo

copper above t em@%F%bint WO 00/ 03231 ﬁ@nm@ﬂﬁ@mﬁ

. PCT/ US99/ 15005 2/16 23 level is present, the
signal is used to increase the anmount of polynmer being added to first tank
i 14. In addition to fluoroneter 44, there is also present in systemb50 a

"~ second fluoronmeter 61 with an optional datal ogger 63 to continuously
nonitor the anount of copper present in the formof Cu[err] ion in

di sposal line 49. Second fluoroneter 61 detects copper by wwthdrawing a
sanple fromdisposal line 49 at sanple point 62 and reacting said sanple
with a suitable reagent as described above. Figure 6 depicts copper
i detection and renoval system 60. As is true with systens 40 and 50, in
system 60, there is no controller 32 or sensor 34 present, rgther— the

. control of punp 28 is based directly on the signal coming frpmfludroneter
~64. Fluoronmeter 64 is positioned to detect copper @n wastewajer by puging

! sanpl e coll ector 0
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65 to renove a sanple fromwastewater that is present in optional first
tank 12. Thus 60 is an exanple of feed forward control, rather

t han the feedBmﬁ% control present in the preV|ous syst ens. FI REHBSAR 6005 4.4
is also present in system60 for nonitori 3#6of copper in final drain line
57. As is the case with previous systens, the signal fromfluoroneter 44
is used to control drain valve 45. Should the amount of copper detected
exceed specifications, then perneate in line 46 can be recircul ated

t hrough recirculation line 56 back to first tank 14 for further treatnent
with polymer. - This recirculation can be done automatically by having a
signal from fluoroneter 44 used to control drain valve 45. This would work
as follows: the normal position of drain valve 45 is open, however when
the copper level is found by fluoronetric analysis to be past an

acceptable setpoint, then the signal fromfluoroneter 44 i gos to close
drain val ve 45 which causes wastewater to QQ 00/ 03231
PCT/ US99/ 15005 24 4 — %
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recirculate back to first tank 14 for further treatnent wth polyner.

Opt i onal datqb 9@5358 can be used to keep a continuous record of

fl uorescence detected so that the overall renoval process caf P8/s99/15005
constantly monitored. Figure 7 depicts cq Rer detection and renoval system
70. This is the sanme as copper detection and renoval system 11, except
that the mcrofilter in system 10 has been replaced by lanellar clarifier
91, sand filter 93 and back wash tank 99 for separation of precipitate
from wastewater. After separation in the lamellar clarifier 91 solids are
sent through sludge line 167 for further dewatering using conventional
dewat eri ng equi pnent, not depicted. The effluent water, which stil

contains some solids is conveyed fromlanellar clarifier 91 to sand

filter 93 through transfer line 171. Further separation takes place in
sand filter 93 fromwhich water |eaves through perneate |ine 46.
Periodically, sand filter 93 is «cleaned by running fresh wat ugh
line 187 into the filter causing solids and water to be displaced fromthe
filter through transfer line 173, using punp 9%3to enter bad
99. From back wash tank 99 solids |eave throu sl udge |ine Qpat er
is recycled through Iine 169 back to fir@ 14 for furth at ment .
Fi gure 7A depicts copper detection and rempyal system 75. Thi-g— he sane
as copper detection and renoval syste that the nidrofilter in
system 10 has been replaced by a san ich is usediin

filter 93

conjunction with back wash tank 99 fof separation qf
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precipitate fromwastewater. After separation, fromback wash tank 99
precipitate kﬁ§$&@n§£rough sludge line 168 and water is recycled through
0Tl

i ne 169 back t tank 14 for further treatnent. Pr ec PEITUSYH 15005
| eavi ng through sludge |ine 168 is sent f@&/1burther dewatering using
conventional dewatering equi pnent, not depicted. WO 00/ 03231

PCT/ US99/ 15005 25 Figure 8A depicts copper
detection and renoval system 80. This is the sane as copper detection and
removal system 11, with the addition of another polynmer sensor 33 | ocated
in second tank 16 and anot her polynmer sensor 35 |l ocated in perneate stream
46. All sensors are connected to controller 32 which uses their signals to
determne the optimal flow rate for punp 28 to punp polyner into first tank
14. Fi gure 8B depicts copper detection and renmoval system 83. This is
the sane as copper detection and renoval system 11, with the addition of
anot her pol ynmer sensor 33 |located in second t&3k 16. Both sensors are
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connected to controller 32 which uses their signals to determ ne the

opti mal fl ow ywat punp 28 to punp polyner into first tank 4§U

Figure 8C dep‘lv?togm%%gper detection and r é’% system 86. Thi SI;L(F R e
as copper detection and renoval system 11Y th the addition of another

pol ymer sensor 35 located in perneate stream 46. Both sensors are connected
to controller 32 which uses their signals to determne the optinmal flow
rate for punp 28 to punp polyner into first tank 14. Figure 9 depicts
copper detection and renoval system 90. This is the sane as copper
detection and renpval system 60, except that a fourth tank 17 is present.
Fourth tank 17 is positioned such that wastewater enters it prior to
entering optional first tank 12. In fourth tank 17 wastewater enters and is
equal i zed by allowi ng the wastewater to accunul ate | ong enough in the tank
such that the wastewater assunmes an even consistency (in terns of percent
solids) prior to leaving fourth tank 17. E lization takes place from 20
m nutes to about 2 hours with the preferredj)anount of time beijhg abouj 40

m nutes. This equalization of mastematg;, eveni ng out the —,
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WO 00/ 03231 PCT/ US99/ 15005

26 consistegﬂ¥ of the solids within the wastewater, facilitates the
detection an of copper in the remainder of the systgﬁpngwnﬂms
Figure 10 depicts copper detection and r ﬂﬁga system 100. In this system
wast ewat er enters through inlet line 18 i sole tank 101 where the pH of
wastewater is adjusted using an appropriate reagent, previously descri bed,
such that wastewater |eaves sole tank 101 with a pH of fromabout 5 to
about 10. From sole tank 101, wastewater is punped by punp 145 through
transfer line 143 to enter first ion exchange colum 102 where sone of the
copper is renoved. First fluoroneter 104 is positioned to detect copper at
sanpl e point 147 located in exit line 141 fromfirst ion exchange col um
102. If the wastewater comng out of first ion exchange colum 102 has had
enough copper renoved so that it neets the setpoint, determ ned by
environnental regul ations, then this cleaned wastewater may be sent
directly on to drainport 106 by opening drain valve 108. As in previous

enbodi ments, the signal fromfirst fluoronet@r 104 is used to op¢n and
close drain valve 108. In the event that furjher renoval of copp¢r is
required then drain valve 108 is cl osedoan stewater is conveyed in p—
transfer line 139 to optional second i SANgxchange col um 3
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» 112 which can. be used to renove nore copper from wastewater. Optiona
y second fl uor ogRf Rleadsh4 can be used to detect copper in transfer |ine 137 at
. sanpl e poi nt 149 i signal from optional second fluoroneter BGHUSHASHS
~used to open and close second drain valve 1gM§gin the simlar way that the
signal fromfirst fluoroneter 104 is used to open and cl ose drain valve

' 108. Wastewater that still does not neet specifications for |evels of
| copper after contact with optional second ion exchange colum 112 can be
" recycl ed back through the process through WO 00/ 03231
PCT/ US99/ 15005 - 27 recycle line 118.
Wast ewat er that does neet copper specification is sent for disposal
through transfer line 135. Fi gure 10A depicts copper detection and

removal system 100, previously described, and resin regeneration, wth
optional recovery of copper, system 105. Resin regeneration wth optional
recovery of copper system 105 shoms theebegeneratlon of |Qp exchange

colum with acid -~
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e L e

foll owed either by electrow nning 122 or copper recovery 124. Both
el ect row nni &ﬂg_"opper recovery can be done using standard techni%ues
known in the art. ZWEI ectrowinning is an electrolytic process PRI 0%t al
ions are reduced at a cathode to the elen¥é al state; in this case copper
ions are reduced to copper netal and pla onto an inert (usually
stainless steel) electrode. The copper deposit is nmechanically stripped
fromthe cathode with a knife or a chisel and can be sold for reuse.
Figure 11 depicts treatnent system 110 for recovery of copper netal and/or
treatment and di sposal of sludge material. Recovery of copper netal takes
pl ace in hydronetal | urgi cal process 126 or thermal process 196. In
hydronmet al | urgi cal process 126, the solids(netals) are selectively
di ssol ved and reprecipitated using techniques known in the art. In therm
process 196, high tenperatures are used to separate the copper fromthe
rest of the sludge. Treatnent of sludge nmaterial, wthout rghzving
28 8nd t hen

N s T sanedaA <A+

S eSO - -

metal , takes place by first drying tig sludge in sludg& drier
subjecting the dried sludge to a cermgntation process_ifn_equi pnent 130.
Cementation is a process used &0 stgzirize sl udge and prevgnt the | eadghi ng
of heavy netals fromthe Iandfi?de sl idge. Typically, |inmgorysilicadqous
(e.g., sodiumsilicate) materilals are
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WO 00/ 03231 . PCT/ US99/ 15005
28 m xed wt $hidge, as illustrated in Figure 11 wherein
ot A ssBlisnoscq

~silacaeous materials are added to dried sludge in line 127. T

sl udge | eaves equi pnent 130 in line 125 aﬂ91§s qualified for landfilling
based on passing a |l eachability test and J i sposed of in full conpliance

~with all local and national |aws. By using the enbodi nents of the
" present invention it is possible to reduce the anmount of copper in

e Y Cowt - o R o

me e e -

wast ewater from a sem conductor process or a printed circuit board process
by between about 1% and about 99% This nakes the clainmed invention of
great value in the sem conductor and printed circuit board industry.

Wil e the present invention is described above in connection with preferred
or illustrative enbodi nents, these enbodi nents are not intended to be
exhaustive or limting of the invention. It is to be understood that

various changes and nodifications to the presentlyreferred}enbodi pents
described herein will be apparent to those skilled®¥n the art. Such|_changes
and o
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nodi fications may be made w thout departing fromthe spirit and scope of
the present igxedfobap and wi thout dimnishing its attendant advanta% The
invention is intended to cover all alternatives, changes, nodi ¥ $PAFYS and
equi val ents included within its spirit anm1éﬂbpe, as defined by t he
appended cl ai ns. 29

1. A system to detect and renpve copper from wastewater streams in

t he manuf acture of sem conductors conpri sing: a) a

fl ouroneter; b) a suitable fluoronetric reagent that when
added to the wast ewat er reacts W th any copper present
inthe formof Cu[err] ion to forma reagent-Cu[err]

conpl ex;
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c) a.polynmer, which when added to the wastewater stream causes the
precipitation copper present in the formof Cu[err] ion;

d) a pol yne@((ljlﬁdé Y¥ibution and reaction conponent conprisingPCT/US9/15005

i) a neans to add polyner to the wast r, i)

a controller to regulate the flow of polyner into the wastewater,

and i) at | east two tanks; e)

at | east one sensor to detect unreacted pol yner; f) a
means to separate the precipitate fromthe wastewater stream

g) . a fluoronetric controller which uses the signal fromsaid fluoroneter
to control a valve that determ nes whether the

wast ewat er streamis di scharged or recycled for
further treatnent; h) optionally, a reagent to adjust pH
of wastewater prior to it being contacted W th

pol ynmer; and i) optionally, at least one tank to hold the
wastewater while its pH is being adj ust ed; and

i) optionally, at |least one tank to hold the wastewater Gt | S

bei ng @
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!

equallzed prior to its pH being adjusted. 2. The system of cl aim

T further conpy (# 9% an additional fluoroneter positioned to test a
sanple at a difterent place, in the process conpar ed t o RGEUS99/15005
fluoroneter of section a). 3. T stemof claim1l further
conpri si ng: k) one additio sensor to detect unreacted
pol yner, positioned in a different pl ace than the
sensor described in section e). 4, t he system of
~claim 3 further conprising: 1) a second additional sensor
to detect unreacted polyner, positioned in a di fferent
pl ace than the sensor described in section e) and the additional
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sensor described in section k). 5. A system to detect and
renobve copper \i6gsypst ewater streams in the manufacture of printed

circuit boards conprising: a) a fluoronet er; PCT/US99/15005
ib) a suitable fluoronetric reagent thaqayﬁgn added to the wastewat er
reacts wi th any copper present in the formof Cul[err]
ion to forma reagent-Cuf[err] conpl ex,
c) a polynmer, which when added to the wastewater stream causes the
precipitation of any copper present in the formof Cu[err] ion;
d) a polyner. distribution and reacti on conponent conpri sing
i) a neans to add polyner to the wastewater, i)
, a controller to regulate the flow of polyner into the wastewater
and i) at | east two tanks; e) at
| east one sensor to detect unreacted pol ymner; f) a nmeans
to separate the precipitate fromthe wastewater stream g)

a fluoronetric controller which uses the signal fromgsai dhl uoronmeter to
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control a valve that determ nes whether the wastewater streamis

di schar ged or“{Oe&}ﬁngqd for further treatnent; h)
optionally, a reagent to adjust pH of wastewater prior to it DREHYS/15005
cont act ed wi th pol ymd5/16 i) optionally,
at least one tank to hold the wastewater while its pHis being
adj usted; and 1) optionally, at least one tank to hold the
wastewater while it is being equal i zed, prior to its pH
bei ng adj ust ed. 6. The system of claimb5 further conpri sing:
an additional fluorometer positiongs towest a sanple at a different place
i n the process gorpared to t h& ffusroneter of section a).
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7. | The system of claim5 further conprising: k) one
addi tional senggk 00523 petect unreacted polyner, positioned in a different

pl ace than the sensof described in section e) 8. TRETLRYLTPOY ¢
claim7 further conprising: a second additional sensor
to detect unreacted polyner, positioned ?§{1 di fferent
pl ace than the sensor described in section e) and the additional

sensor described in section k). 9. A method to detect and
remove copper from wastewater streans from sem conductor processes

jconpri sing: (i) providing a fluronmeter and,

(i) prOV|d|ng a suitable fluoronetric reagent for copper;
(itii) providing a polynmer capable of reacting with copper in the form of

Cu[err] ion to forma precipitate; (iv) providing at
| east one wastewater stream from said sem conduct or processes,
with the pH of said wastewater stream being between

about 5 and about 10; (v) contacting said

fwastewater with said polymer capable of reacting
with said copper to forma precipitate,;
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(vi) renoving said precipitate from sai d wast ewater to QS}QQng‘aqne%te

stream (vii) adding said suitable gl_&}cu C
reagerit for a sanpl e of _ REPLACE [3% W
streamto fofl .rz.,: r] noiety; - ' HSETU |ng
sai d fluoronet 2 tlhe fluoresggnt signal of the

reagent - Cu[ (ix) determning the am)unt

of copper prje pat e stream from
said fluoregce (x) usi ng sai d anount

of copper pLeseap, (a) adj ust the control

of the feed rate 0 Jmer to said

wast ewat er st rqam to detect t and remove copper ﬁo&b)waste%{%}rﬁi'eaﬂxsv% Ve
that determn e _waste
stream i s“?ﬁ“é‘@ﬁ% 3?853§8mpgﬁmgwt her treatment.

a) a ﬂourometer;

b) a suitable flnorometric reagent that when added to the wastewater reacts
with ‘any copper present in the form of Cu'? ion to form a reagent-Cu'?
complex;

c) a polymer wlnch when added to the wastewater stream causes the
preclpltatlon of any copper present in the form of Cu*? ion;

d)  apolymer distribution arid reaction coniporient comprising:
1) . ameans to add polymer to the wastewater,

i) a controller to regulate the flow of polymer mto, the wastewater,
and

iif) . atleasttwo tanks;
€) atleast one sensor to detect unreacted polymer;
f) a means to separate the precipitate from the wastewater stream;

g) - a fluorometric controlier which uses the signal from said fluorometer to
control a valve that determines whether the wastewater stream is
discharged or recycled for further freatment;

h) optionally, a reagent to adjust pH of wastewater prior to it being contacted
with polymer; and

i) optionally, at least one tank to hold the wastewater while its pH is being
adjusted; and

1) optionally, at least one tank to hold the wastewater while it is bemg
equalized, prior to its pH being adjustcd

2. The system of claim 1 further comprising:

an additional fluorometer positioned to test a sample at a different place in the process
compared to the fluorometer of section a).

3.  The system of claim_1 further comprising:

k) one additional sensor to detect unreacted polymer, positioned in a different

place than the sensor described in section €). .
T




10. A nmethod to detect and renove copper fromwastewater streams from

printed circgt—boatd-processes conpri sing: (i)
provi ding a f RBﬂQ B _ i) viding a
suitable fludr rfﬂﬁi eag {or copper; hﬁEP?AE MEfﬁT SHEET
provi ding a fireacting ygth copper in the formo o
Cuferr] iontofgﬁrﬁgﬁgagbiptate; (iv) providing
at | east one ewat er ,strepn) from sai d sem conduct or

processes, wijth the pH of sai df wastewater stream bei ng between

about 5 and aw—i-emm im 3 furth A contacting said
wast ewat er with sai d polyner czliaplmb%e oFr?oénansmr%

h d
S s ool ol A o e e

streamn o desgri Wgtqdﬂglonal
reagent for copper t o a ﬁﬂiﬂrgeﬁﬂ'l section sai d
permeate: strea ormarea ent - Cuerr] noi et
(viii) using-s d f | 4o X5HEY P figfete 414, rTEMONe ‘qulﬁé? drme nwastevphen spampein the
r eagent - CUiR@Mpctyrsiof pyinted clI‘Clllt boards compnsmg
a) a ﬂuoromcter
%, b) a suitable fluorometric reagent that when added to the wastewater reacts
- ' with any copper present in the form of Cu'™ ion to form a reagent-Cu*?
complex;

c) a polymer, whlch when added to the wastewater stream causes the -
precipitation of any ¢opper present in the form of Cu*? jo

d) a polymer distribution and reaction component comprising
i) " a means to add polymer to the wastewater,

it) a controller to regulate the ﬂow of polymer into the wastewater,
and -

iii)  atleast two tanks; - |
e) at ]east one sensor to detect unreacted polymer;
ﬁ a means to separate tﬁe precipitate from the wastewater stream;
g) a fluorometric controller which uses the.signal from said fluorometer to
control a valve that determines whether the wastewater stream is

discharged or recycled for further treatment;

h) optionally, a réagent to adjust pH of wastewater prior to it being contacted .
with polymer;

1) optionally, at least one tank to hold the wastewater while its pH is being
adjusted; and

1) optionally, at least one tank to hold the wastewater while it is being
equalized, prior to its pH being adjusted.

6. The system of claim 5 further comprising:

an additional fluorometer positioned to test a sample at a different place in the process

compared to the fluorometer of section a).
A




(1x) determ ning the anmount of copper present in said perneate stream

fromsaid fluorescent signal; and (x) usi ng Saléj,
amount of F@_ggg;mﬁsﬂm_to (an A(&dﬁﬁiﬁt He
control BERT of said polyner to said

wast ewa ghm[‘ e "ﬁ]q\ S&ﬁd‘ 31 (b) control a valyve
t hat dettenm nes eth the perneate SR . '
stream ils {di GEnAPk&WIor i ecycl ed for further treatnent. 11. A
system det ect auQ__r_;Emnve copper from wastewater streans in the

manuf acturé o

fluoroneter; surt reagent that when

R ol TR Ml b

conpl ex; ??ge col um;

7§em %@qy@rﬁ%gfmmegga%?e%%uor onmetri Ca) n

8. The system of claim 7 fux’rher compnsmg

D a second addmonal sensor to detect unreacted polymer, posxuoned ina’
 different place than the. sensor described in section €) and the additional
sensor described i in sectlon k)

.9 A method fo detect. and -remove copper from wastewater streams from
emlconductorprocesses compnsmg L

@) prowdmg a ﬂuorometer and;
(ii) prov:dmg 4 sultable ﬂuorometnc reagent for copper;

(iii) prov1d1ng a polymer capable of reacting with copper in the form of
Cu*?ion to fonn a preclpltate :

(iv) prowdmg at least one: wastewater stream from Sald semiconductor
processes, with the pH of said wastewater stream being between
about 5 and about 10;

(v)  contacting said wastewater with said polymer capable of reacting
with said copper to form a precipitate;

(vi) removing saxd preclpltate from said wastewater to form a permeate
stream; -

(vii) adding said suitable fluorometric reagent for copper to a sample of
said permeate stream to form a reagent—Cu moiety;

(viii) using said ﬂuorometer to measure the fluorescent signal of the
reagent-Cu mojety;

(ix) determmmg the amount of copper present in said permeate stream
from said fluorescent signal; and

(x)  using said amount of copper present to

(2) adjust the control of the feed rate of said polymer to said
wastewater stream; and

(b) control a valve that determines whether the wastewater
“stream is discharged or recycled for further treatment.

A L




33 d) a fluoronetric controller which uses the signal
| ] control a val ve that

fromsa o |
det er ni jfg4 W stewater stream 1is
di 'schar pe ' r further treatnent; and REPLACE?"@ENT SHEES

optionally, s MQG% gorftain the wastevgter when it is being equal i zed.

12. t and renove copper from wastewater streans in
t he mandf , circuit boards conprising: . a)
a fluordneter; b) a suitable fluoronetric reagent that
when adde

L t
present..i Nujda bB&fa%jﬁﬁ%ﬂfﬁ&n&tdf%’?ﬁq copper a%%mntwa&e[wa%r SireB¥ f?&ﬂqﬁ‘{nted

1 east one ion exchange col um;

conpl ex; .
d) a fluorometric contg ol | | e si gnal from said fluoroneter
to (c}ntrg’?o‘y}%gpfgl%ﬁ%%gfé@ta‘rm nes whet her the.
wastewater streamis (i)  providing a sunitable hSChar&l%dreggren{ %?Xc%p%g For

further treatnent, and

(iii) providing a polymer capable of reacting with copper in the form of
Cu 2 jon to form a prempltate

(iv) provxdmg at least one wastewater stream from said semiconductor
- processes, with the pH of said wastewater stream being between
~about 5 and about 10;

(v)  contacting Said wastewater. with said polymer capable of reacting
With said copper to forma precipitate:

(vi) removing said precxpxtate from said wastewater to form a permeate
stream; . : _

(vii) adding said smtable ﬂuorometnc reagent for copper to a sample of
said permeate stream to form a reagent-Cu'? moiety;

(viii) using sa1d ﬂuorometer to measure the fluorescent signal of the
reagent—Cu m01ety,

(ix)  determining the amount of copper present in said permeate stream
from said ﬂuorescent signal; and

{(x)  usingsaid amount of copper present to

(@) adjust the control of the feed rate of said polymer to said
wastewater stream; and

(b)  control a valve that determines whether the permeate
stream is discharged or recycled for further treatment.

11. A system to detect and remove copper from wastewater streams in the
manufacture of semiconductors comprising: .

-~

a) a fluorometer;

b) a suitable fluorometric reagent that when added to the wastewater reacts
with any copper present in the form of Cu™ ion to form a reagent-Cu*
complex;

c) at least one ion exchange column; /w

L



e) optionally, a tank to contain the wastewater when it is being

equal i zed. 13. A nmethod to detect and renobve cogfer from

wast ewat er st 5 from sem conduct or processes conpri si ngBtPLACEMENT SHEET
A fluoroneter; (ii) providing a
eAri c reagent for coppens (rii)

| easty one wast ewat er stream from sai d seni conduct or
Ml pH of said wastewater stream being between
(iv) providing at |east one

¢ ? ol gﬁ‘ ﬂuorodnetpc contr?ller wﬂxé’ﬂ uses F}ﬁé SHehd Hohkaft ﬂ'ugﬁﬁﬁetaﬂt%

" ontfol “a atﬁat aer Sftcam Ol
h Ny F ﬁé%. lYYafS%é
fl u? ?I c rm;agent to Q‘S%deprd?"}@ ( ent; ‘!‘n%]S

wastewater stream after it _has passed throu sald at least. one ion
exchange colum: €  optionally, a tank to con{gp g‘c WRstemgtes avhgn i lﬁg?@&ﬁﬁ\ﬁ‘h%

nmeasure the fluorescent signal_of
reagent - Cu[ er r }2qoi é ysystem " to dete‘»"t and remove copperi frome (WASIEWAtES o STGRENS 1B Uthe

of copper mpnpfctire ofprivedicivnit beewds eprmprising: st ream
after it has passed through said at |east one ion exchange

col um; a) a-fluorometer;

b a smtabie ﬂuoromemc reagent that when added to the wastewater reacts -
wrth . A1y cOpper pmsm:t in the form of Cu™ ion to fo:m a reagent-Cu*?

bompiex, ]
) at ‘least one ion exchange column,

d) a ﬂuorometnc controller whlch uses the s1gnal from said ﬂuorometer to -
confrol a valve that determines whether the wastewater stream is
discharged or recycled for further treatment, and

€) optionally, a tank to: contam the wastewater when it is bemg equahzed

13. A method to detect and remove copper from wastewater streams from '
semiconductor processes comprising: : :

)] providing a ﬂuorome'tér; :

(i) providinga suitable fluorometric reagent for copper;

(iii) providing at least one wastewater stream from said semiconductor
processes, with the pH of said wastewater stream being between
about 5 and about 10;

(iv) providing at least one ion 'eﬁ{change column; -

) passmg said at least one wastewater stream through said at least
one ion exchange column;

(vi) adding said suitable fluorometric reagent to a sample of said
wastewater stream after it has passed fhrough said at least one ion
exchange column;

(vi) using said ﬂuorometer to measure the fluorescent signal of
reagent-Cu moiety;

(vili) determining the amount of copper present in said wastewater
stream after it has passed through said at least one ion exchange

= (T




34 (ix) using said anbunt of copper present to
control a val ve that : det erm nes whet her the

wast eiat er stream is discharged or recycl ed for
further treatnent. 14. A nethod to detect and reﬁﬁ?&@&%ﬁﬂéﬁ}{f&]‘om
wast ewat er s-t—r—eaa%——f—r—em—m ted circuit3bpoard processes conprising:

(i) .proviRERLAGEMENT: § [ ; (ii) providing a

sui t abl e fjugrometric Teagent for copper; - (i) -

providing gt |l eGH AP ﬁgpwas.ewat er streamfromsaid printed circuit

board progsdes; Wt : @ Jig nggaéafb %w\@%%pﬁérrﬁen@%p%\,” alvci thatt

gﬁtewiegﬂ ggg E;nge col unm: determines whether the waste stread 'i§ &gcﬁaatr
o : recycled for further treatment.

14. - A method to detect and remove copper from wastewater streams from printed -
circuit boa:rd processes comprising:

@ proyxdlng a fluorometer;
(i) pfoviﬂihg- a suitable flnorometric reagent for copper;

(iii) prowdmg at-least-one wastewater stream from said pnnted circuit
- board -processes;” With the: pHE of said wastewater stream belng
between abaut 5 ané about I(}, : _

(iv)  providing at least one jon exchange column;

™ passmg said: at least one wastewater stream through said at least
one 1on exchange column :

(v addmg send smtable ﬂucromemc reagent fo a sample of said
wastewater stream after it. has passed through said at least one jon
exchange column,

(vii) using said ﬂuorometer to measure the fluorescent signal of
reagent -Cu'*? mmety,

(viii) detenmmng the amount -of copper present in said wastewater
stream after it has passed through said at least one ion exchange

column;

(ix) using said amount of copper present to control a valve that
determines ‘whether the wastewater stream is discharged or
recycled for further treatment. '
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(v) passing said at |east one wastewater stream through sai :u.t;.?,z e e,
one ion excha ol unm; L) di ng sai'y .? e T
fluoronetric @g‘nt to a san{"ﬁ B eabiidns na?%%?eﬂék&k@qﬁ)% 103
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contl
wast e
furt

r 1t has passed through said at |easf one ion exchange
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(57) Abstract

A fluorescence quenching reaction is used to detect copper in a semiconductor or printed circuit board wastewater stream (18) using
a fluorometer (44). A polymer precipitant is added to a tank (14) which contains a sensor (34) for determining the amount of unreacted
polymer. The stream is passed to a separator (36) to remove the solids. The purified stream (46) flows into the fluorometer (44). The signal
from the fluorometer (44) can be used to control a recycle valve (45) and the signal from the polymer sensor (34) can be used to control
the polymer addition pump (28). In an alternate embodiment, the fluorometer is used in conjunction with an ion exchange purifier.




