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17 February 2004 PROCESSES AND APPARATUS FOR RECOVERY AND REMOVAL OF COPPER
FROM FLU DS BACKGROUND 1. Field of the Invention The pitéEebnaividdddti on
relates to i nproved processes and apparatus for renoval —and recovery of
copper, particularly fromsolutions such as spent etchant-type solutions
produced in printed circuit (wring) board manufacture. 2. Background
-Mul til-ayer printed circuit boards are used fora variety of electrical
~applications and provide the advantage. of -conservation of weight and space.
A nultilayer board is conprised of two or nore circuit |ayers, each
ci.rcuit layer separated from another by one or nore layers of dielectric
.material. Crcuit layers are -forned by applying a copper |ayer onto a
polymeric substrate- Printed circuits are "then formed on the copper |ayers
by techni ques well known to the-art, for exanple print and etch to define
and ‘produce tPROCERSES AND APPARATUS FORRBCOVER Y ANGVREMOWEE in a desired
circuit pattern. Once the circuit patterns .are forned, a stack is forned

, Eﬁg559ﬁ55%93@$0n1ea0h‘other by a
-dielectric layer, typically epoxy. Thereafter, the stack is subjected to
- heat and pressure to formthe lamnated nultilayer circuit board.
-"Fol. | owi nBBAGKIGROWND, the nultiple circuit layers are electrically
‘connected to each 'ng. bX dri.lling through holes through the board
surf ace. Resiﬂ"sneége-PgﬁF T hﬂ@h-hole drilling i's removed under rat her

stringent condideipdent fRntieX MIRkEio Yroved BRAICERES atll ddpadns IHGRALLAL ed
~ sulfuric acid or "hot al kaline pernmanganate sol ution- Thereafter, the
_t hr ough- o eecoNer of gppReePapiialyfeam solutions siehes spentsicdenidepa conduct i ve

solutions produced in printed circuit (wixing) board manufacture.

2. Background

Multilayer printed circuit boards are used fo'r'a variety of electrical
applications and provide the advantage of conservation of weight and space. A
multilayer board is comprised of two or more circuit layers, each circuit layer
separated from another by one or more layers of dielectric material. Circuit layers are
formed by applying a copper layer onto a polymeric substrate. Printed circuits are
then fonmed on the copper layers by techniques well known ta tﬁe art, for example
print and etch to define and produce the circuit traces - i.e., discrete circuit lines in a
desired circuit pattern. Once the circuit patterns are formed, a.stack Is formed
comprising multiple circuit layers separated from eacii other by a dielectric layer,
typically epoxy. Thereafter, the stack is subjected to heat and pressure to formn the

~ laminated multilayer circuit board.

Following lamination, the multipie circuit 1-4yer§ are electrically connected to
each other by drilling through holes through the board surface. Rcsin smear from
through-hole drilling is removed under rather stringent condi lions, for eﬁample, by
treatment with a concentrated sulfuric acid or hot alkaline permang‘ariate.solu.tion-
Theréafter, the through-holes are further proccﬁsed and plated to provide a conductive ‘.

interconnecting surface.



I nterconnecting surface. .1 7 February 2004 -2 _ Prior to |lamnation and
t hrough hole formation, the discrete copper circuit Irﬁége@PQWﬁygﬂcally
treated with an adhesi on pronoter to i nprove bond strength between each
.circuit layer and adjacent interleaving dielectric resin |ayers. One

fret hod ‘'used by the art to inprove bond strength invol ves oxidative

- treatnent of the copper circuit 1i neg to forma copper oxide Surface

coating on the circuit lines. The oxide coating is usual ly a bl ack or

" brown oxide |ayer that adheres well to-the copper. The oxide possesses

si-gni fi cant|y PRESUSNLG: £ HBHAPRAS BodhBAdh, A df&%&@%crg%{ gopger  surface.

.Chem cal treatnments which produce adherent cdnversion I'ngs on net al
sur f aces, linescise Bpicaby geRedbwithen a'éheélon@rqmcmrrtmblywa badd steenfsth pronot e

dh d t al
s on She SRR IRL 1L AL R IR LR BB EORL B ate oLl

conver si omethmdtusel- bjuthé amacmmbwb:md s&dﬂigelsmﬁlvaﬂdmhtﬁhfe&kvaﬁ&ﬂ of fhet he
adj acent insul atin ef%’é?ééa mech, n| smthat is believed to include

mechani caf®APRT BF§H mf‘-h BPPeT R Fré‘t“'&ce sefting o thgeiranidings.e€heic resin
| ayer- Megghe §b‘e(tina(2§§su£l'ﬁaﬁ bﬂé\é‘lVér t%%ﬂ oBHdE [ag@ﬁ% € ur }%Hkvcﬂ% ﬂ:ﬁe égér's' on coat ed

‘do” not .general |y possess as degre ace roug and
t extur e éhe paide B@SSESSFEW@@“W @rmm Weture grreeghaessrtbdd mctitmatedfcoppa bl e

| i ght. ar.ty L9 Rromote adhesi on between copper
surf aces ancfl % : F% %g%mg}érﬁ& STETYCPREPEVON SHRURET PHIR<cl ude t he
use of et shfses, |smii asslﬂachomi‘de,carpwerg colmhmblydseehchapibBote@BaH Rl treatnents

designed to produce. surf exture netal plating, all designed to
produce r%ﬁ@@ﬁ@ STl P AN Smﬁ‘atﬁ"?ﬂa@éf‘i‘i“‘iﬁﬂ}?&éé’ 9SPBAS cpatings g #fent  of

copper  anghif &lhetib®poniolrd. Sibh Afkeh&la aﬁtﬂcﬁ%rfsfaﬁ%oéﬂea CaRRs Lanb@m nation of
circuit layers in nultilayer circuit fabrication
adhesion and wettability to the adjacent insulating layer by a mechanism that is
believed to include mechanical interlocking between the metal surface and a dielectric
~ resin layer. Metal surfaces that have been microetched, but not conversion coated do
not gencrally possess as high a depree of surface roughness and texture, as can be

inferred from their greater reflection of visible light.

Other techmques known in the art to promote adhesion between copper
surfaces and dielectric resins prior to multilayer lamination include the use of etches
inclusive of cupric chloride etchants, mechanical treatments designed to produce

surface texture, and metal plating, all designed to produce roughened surfaces.

Highly uscful compositions for treatment of copper and its alloys to forman -
etched surface suitable for lamination of circuit layers in multilayer circuit fabrication
“have been disclosed in U.S. patent application serial number 09/198880, filed
November 24, 1998, and corresponding South Korean patent appliéatiOn no. 98-
54330, and Japanese Application 37764/1998, Publication Number 10-377764/1998,
all assigned to the Shipley Company. The disclosed: cdmpositions are acidic aqucous
- solutions and countain inter alia a friazole, preferably benzotriazole together with a

peroxide, preferably hydrogen peroxide.



have been disclosed in U S. patent application serial nunber 09/198880,
filed .Novenber 24, 1998, and correspondi ng Sout h Kor ear’ 5§P@ﬁﬂ”ﬂgﬁtlcatlon
no. 98- 54330, and Japanese Application 37764/ 1998, Publication Nunber

10- 377764/ 1998, all assigned to the Shipley Conpany. The discl osed
conpositions are acidic aqueous solutions and contain inter alia a

- triazole, preferably benzotriazole together with a peroxide, preferably

hydr ogen peroxi de. 17 February 2004 -3 Wil e such etchant solutions are

hi ghl'y effective, the conposi tions aI so yield a wast e. sol ution that

cont ai ns coppet,; ent tchant Iut ons be undesi r abl froma
wast e treat ment htbfét&é FHRgs 4 ‘Iué’e 5?)‘8 0*\}\%\%"(5@35?&1?}& ons have

been di spesedicablutyn @fat ccﬁitéu% PPt @%mpeﬁf et@t%@ﬁ@lhﬁoﬂsaﬁ@ebequant ities of
sl udge. In either approach, the spent -solutions and/or their contained

met al s ar 8ndesirgb E&‘I‘Jl’:ya ‘E@%ﬁ?%?@lcegﬁtﬁﬁ%ﬂ’et 5071 exsathle, copmr #astey, practi cal
al ternati 2 ns_cont ai ni ng
copper worl T e pg SR TERY Rt e R B B o o

i nventi onslpdaeuldasthmpetoaph deopertsotidnapEoraieiscdntainedempeiailarof  copper

froma so%y n_or fI ar Iy spent- etchant solutions that contain
copper pr E%a@éie"t‘ﬁ ﬁg b3 |er1tt%gmd§{rcu1t board manufacture. The invention

is particularly useful for recovery/renoval of copper from aqueous

adm xt ures that cont a| n, aﬁdﬁ per conpl exing agent . a nitrogen-
cont ai i ng conpEERY: PATicAAH aEV%}“F’@‘O%?ﬁfEﬁ&HH@I%QﬁP% asugho| e,

par ti cul akétiéns &ﬁ{ahﬁﬂé)é@pert\g}dlﬁggé eer?rdegu%gdl azol e, or other agent that can
conpl ex with copper such non-cyclic conpounds, particularly am nes,

preferably secondary or t er tiary am nes
- SUMMARY OF THE INVENTION
The present invention provides novel processes and apparatus for removal of
copper from a solution or fluid, particularly spent etchant solutions that contain

copper produced: through printed circuit board manufacture.

~ The invention is particularly useful for recovery/removal of copper from

aqueous admixtures that contain a copper complexing agent, e.g. a nitrogen-
containing compound including cyclic compounds such as an azole, particularly a
tetrazole, triazole or thiadiazole, or other agent that can complex with copper such as
non-cyclic compouncts, particularly amines, preferably secondary or tertiary amines

- which may optionally have acidic moieties such as EDTA. The complexing agent

also may be aromatic such as benzotriazole or benzothiadiazole. The invention is
particularly useful for recovery/removal of copper from aqueeus admixtures that
contain a benzotiiazole, or other triazole. Systems of the invention can be

“ characterized at least tn part by use of a separated (e.g.' interposed ion-permeable

membrane) elcctrolytic copper removal from such aqueous admixrures.

It has been suxpﬂsingl_y found that copper can not be effectively removed from
solutions containintg, a copper complexing agent such as benxotriazole by many
methods such as precipitation._and simple plating. However, it has been found that
copper can be removed most effectively from such solutionsﬁsing a separated cell

systern, enabling convenient treatment of ceppcr etchant solutious.



whi ch may optionally have acidic noieties such as EDTA. The conpl exi ng
agent also may be aronatic such as benzotriazole or behZ68WUaRI4d e, The
invention is particularly useful for recovery/renoval of copper from
aqueous adm xtures that contain a benzotriazole, or other triazole. Systens
of the invention can be characterized at least in part by use of a
separated (e.g. interposed ion-perneable nenbrane) electrolytic copper
renoval from such aqueous’ admi xturest-I1t has been surprisingly found that

"~ copper can riot be effectively renoved from solutions containing a copper
conpl exi ng agent such as benzotriazole by many nethods such as
.precipitation and sinple plating. However, it has been found that copper

can-be renoveds eff | i i rated cell
Systom ' enabl {PaBabels (Hahd Fl hEo R RrokrRal o 03 it ol FheRtRR 17
Februar yoR2@pper-ramyyal hoamoseesiessiil bo amsullpi drycotbeation of the copparbeingnt | y

t hought t hat ot her: hods . of copper rempval, arne unsucecessful as a result
of rhe. iy AR REE bk o SRR Rt LIRS, AR SRR T i L hoa
conpl exi pgakgdst batg boreerrdleizal inawreded cathddd (oa apahple iptad-oon bei ng conferred
- on any imrersed.cathode (on a sinple plate-out procedure) by the

‘conpl exi A§® Y HecquaRpleXRg R8Pt det ai |, m croetch sol utions based on
sul furic acid and peroxide are formulated for application within the
printed circuit board inner |ayer process manufacturing stages with
‘relatively | alﬂg@ﬂmﬂkmdttgﬂﬂiﬁcwtcﬁl&bgeidn&m exalfuricehigmndipergxide g. a

benzotri azol e or her triazole. JAfter use a process |ine, such
ni cr oet c%goﬁ%ugg?ﬁfqﬁp%ggo% @H %?rénéeﬁﬂécﬁﬁ&?gdé%?i?yr?éamc%%per | evel s
-appr oac hmanifatttirinsthges 2athgelateelp birgd arhdilus FteohfBied sbagkxaithe sol ution woul d

"be discarded and require treatgent. via disposal to satisfy _|ocal
envi ronn%tﬁfr&?ﬁyeﬁﬁp?iggﬁe@aé%lepy Fr IBRFQIEt N ona process line, sich

microeiches generally become exhausted when the contained copper levels approach
about 20 to 25 grams per litre. At that stage, the solution would be discarded and
require treatment via disposal to satisfy local environmental compliance as is in effect

in the United Kingdom and elsewhere.

By the processes aud apparatus of the present invention, copper can be
removed from such spent microetch solutions, and the treated solutions either re-used
in a copper micreetching solution, or the sotution disposed of without the concern of

copper content.

A wide variety of other solutions and othér cozﬁpésition_s;, contéiﬁing; copper
~may be treated iri accordance with the'hnr'_cﬁtion. For instance, an aqueous admixture
that contains cop:per; butnot a coppérrr‘:ornplexing agent, may havea
temoval/puriﬁeaﬁon effective amount 6f a complexing agent such as benzotriazole or
EDTA added to the copper admixture and that admixture copper treated via a
separated cell system in accordance with the invention. _Relatively small amounts of a
complexing agent can be added to a copper containing solution in order to effectively
remove [he copper 1 accordaace with the invcﬁtion, e.g. less than 20 or 10 mole
percent of the complexing agent relative to the copper in the admixture. Larger
amounts of the complexing é.gent alsa may be employed. Optimal amounts of

complexing agent to be added (v a copper contéu'ning admixture (e.g. aqueous copper



in the United Kingdom and el sewhere. By the processes and apparatus of the
present. invention, copper can be renmoved from such speht Fehrdarye0en

sol utions, and the treated sol utions either re- used in a copper

m croetching solution, or the solution disposed of without the concern of
copper- content. A wide variety of other solutions and other conpositions
cont ai ni ng copper may be treated in accordance with the invention. For

- instance, an aqueous adm xture that-gontains copper, but not a copper

" conpl exi ng agent, may have a renoval/purification effective anount of a
conpl exi ng agent such as benzotriazole or EDTA added to the copper

-adm xt ur esoqunibn) Fr&&emdmlmftheeomppm bet depatribd\Hyasiaple sefiag &t@d'aﬁelhsl systemin

accordance with the.inventi snal | nts conpt exi ng
Bont oI AT 5 CHPE BRSPS ORUR AT (1 ORRIEroE SEORT cct i val y
remove [ hgide@ERedio tah B GOAE@NRS s6hdried BEL iyRMahI20Rrdfhc8 withBs that 20 or 10
nolt percent  of. the compl exi ng _agent rel ative to the copper in the

adni xt ur efvergiogegnd thﬁﬁﬁﬁ@%sa@ml%wéne:@hlm@s@ fpr s@Rast cegte. may be enpl oyed-

. Optimal anmounts of conpl exi ng agent to be added to a copper contai ning
adm' xture (e.g. aqueous copper 17 February 2004 -5 solution) for renoval of
the copper canCm@chdrrmvm syeﬁnisy’fmcrmslreatmmsicludg,anelcgtrodlaiymeumt dndst sanpl es

xture have differing amoun !Of t he conpl SXI ng agent

f th
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‘the i nvenddoBhe op&hdIfte. h@AERAnSANE] i tHhaPrRRn sBRtbeshRe) fomecopper
content. Copper renoval systens_of the_ invention include an el ectrodial ysi s

uni t, ancenobyte aswidavrasy phrorarAsiblerclecioliiesyay e uged as glp@ﬁtﬂwhriee et ch _
sol ut On)dﬂ% béﬁﬁ iSRS sBfudd R %8101’)%&0 0%ia GRSk BhodiP YSid 2htnd 8L ance, 1 f

~the microetc utlonls use
Prcfcrably the solution to be treated (c.g. the microetch solution) is used as the

anolyte, and an acidic solution that does not contain copper or a benzotriazole or other
triazole or other copper compleﬁng agent (e.g. a dilute HSO4 solution) is used as the
catholyte. For example, waste plating solutions that contain copper can be treated via
a separated cell system in accordance with the invention to thereby remove copper

therefrom:.

[t should be appreciated that although the present invention is generally
discussed in the context of copper ren10valfrecoyery from aqueous solutions produced
through printed circuit board manufacture, the invention also wili be applicable to
removal/recovery of copper from solutions and mixtures produced in other

manufacturing processes.

- It should be further appreciaté& that references herein 1o removal/recovery of
copper from solutions are inclusive of removing those metals as may be present as
dispersions or other forms in a solvent: Typically, solutions treated for metal
rr'cmovab’fecovery in accordance with the invention will be aqueous solutions, but
those solutions also may comprise an organic sélveht component, particularly where

the organic solvent is miscible with water.

The term “complexing agent” or “copper complexing agent™ as used herein

refers to any compound that when present with can effect removal of copper from an



anolyte; a wde variety of conpatible -electrolytes may be used as the
catholyte, e.g. "acidic solutions of sulfuric acid: fl ubricRvany288¢d,

. met hane Sul phonic acid and the like. Preferably the solution to be treated
(e.g. the mcro etch solution) is used as the anolyte, and an acidic
solution that does not contain copper or a benzotriazole or other triazole
or other copper conpl exing agent (e.%. a dilute H2SO4 solution) is used as
the catholyte. For exanple, waste plPating solutions that contain copper
~can'be treated via -a separated cell systemin accordance with the

i nvention to thereby renove copper t@_ﬁe_r efrom |t shoul d_be appreciated that
.al t hough 2fReYs Rda@Htre iR TPrgirdiclecyanitr s¢ll 35 diggiosed berelm- iThuBhe context of

copper. r %H&)sgéﬁﬂg%ax@%sé ﬂ%ﬁ%&%ﬁl@k&ﬁ%@ ng. ap{@qtg%d:oﬁqﬂg%gh printed

circuit board nahutfacture, the invention alSo w e app e to |
r enpval / rgemcen pe ofdeddp perqucpuhsodwiontthas gentaingicoripry, dhat solptiomipassetl i n ot her

f ac ' ' : | o4 - her. ' _1.ef
B i e S St L S AT A

r-enpvi ng-sbleisg afiElyaldfonsoppentenovir dhebémplsxinglhgane wéll §ptcally comprk forns in a
sol.vent:  Typically, solutions tr et?t ed for metal renoval/recovery in
accor dan@& oferyise terpehrath opRenip e 493 @ eous sol utions, but -t hose

solutions al so may conpri se an-organi c solvent conponent, particularly

where. the organj R | 156l ' int e : . | exi ng
agent " or "'coppg“rIa &%g%%‘%%g&gggﬁt% ﬂeﬁ%&f@é@%@%i l?\]err'e-gggps c[eg] aasﬁf;g/treq(i:)lorrpound
t hat .whenfosraneyal ofrenpet ahhetysieat camprisennn electedytisegells therrlagtrolyriceelbr uar y

2004 aquegshiprasiig &f aode hda @atﬁ@diaﬁﬁeﬁ&ﬁﬂzd@iy@ﬁo?ﬁé’ﬂ ibh pesfdablcAfielbass. 0sed

herein. Thus, conplexing agents can be identified by sinple testing, i.e..
~a candi date conpl exi ng "~ agent can be added to an aqueous sol ution that
cont ai ns coppeln aroltrt agebiuifithepesss énbention, there is provided a process for ‘

removal of C()ppér from a mixture containing a copper complexing agent. The process
comprises providing a system comprising an electrolytic cell that comprises an anode
' and a cathode separated by a copper ion-permeable membrane; adding to the system a
~ fluid that contains coppef- and a copper complexing agent; and electrolytically treating
the fluid. -

In yet another aspect of the present invention, there is provided a method for
copper removal. The method comprises providing a system comprising an clectrolytic
cell-and fluid that contains copper; and electrolytically treating the fluid. The
electrolytic cell comprises an anode and a cathode separated by a copper ion-

- permeable membrane.
Other aspects of the invention are disclosed infra.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows schematically a preferred copper removal system of the

invention.



-through a separated electrolytic .cell. in accordance with the invention,
and the treated solution analyzed for copper renoval . Theelsuangl2€Q4ng agent
will typically conplex or otherw se interact with copper in the adm xture.
Accordingly, in an aspect of the present. invention, there is provided a
system for renoval of copper. The system conprises an electrolytic cell,
the electrolytic cell conprising an anode and a cat hode separated by a
copper ion-perneabl e nmenbrane. ‘In gnother aspect of the present invention,
"there is provided a process for _.renoval .of copper froma m xture .
cont ai ni ng)@rmmbgg@mpﬁ@ngfag@@wvﬁﬁi@ﬁocess conprises providing a
.system conprising an-electrolytic cell that conprises an anode and a

cat hode separ atedtaigd 2boyeshesystaysqnd prezbscsoftbabrants adbicigmbealtdie system

a fluid : i ns copper .an copper conpl exi ng agent; and

‘el ectrol y%?@éaﬁrlﬁég?éo}gﬂs'?%l 'ﬁﬁ%ﬂ?“ F%i E“p'\“ﬁg@ﬁ' &QH‘B‘E‘EHB?HQ?S geevalRE present

i nvent i ongoppeeibg ussofnnsléctiotitic el tHAaliRle aRORBEE piRNAy af 6, Tet hod
-conprises prov Pl_ngmg\ system conprising an electrolytic céll and fluid that
cont ai ns :'ﬁ‘b?h,e BRSO RTBYige p &gnted selpden thatds eoveplételiatatJgast el ectrol ytic
- cell conpeissgSal 3 ¢ galdh L~AON- pernmeabl e
menbrane: O her 3???2%?5 ce%rh%%%gﬁtégﬁgg%ﬁ% g%ﬁ %%‘%g‘%ﬁﬂ?%&fsm EF

DESCRI PTI &R00opr Tdpapraey s Boppe3 hdhs copphrammbivad afdtymaopthef er red copper

removal s i ntion. 17 February 2004 Al LED_DESCRI PTI ON OF
THE | NVEI\W&S% ??‘e‘saﬁ’dﬁﬁgv‘%%cﬁ-{ﬁ%e]@v&*waaﬁ% ‘Hraéé‘gg%éhfa?ght%w%vent i on
- .enabl e r eSpstains of theGayendon Als® Mag epmieiir ctkitbppadtidsuch Yt 8ildidnRapt | cul ar, the

i nvention enabl es renoval of L
: either before, during or after electrolysis, and the like.

. Reference is now made to FIG. 1 of the Drawings, which depicts a preferred
_electrolytic copper removal system 10 of the iﬁVenﬁon In use, a solution from which
~ copper is tobe remm.!cd is introduced into vqssél i2. Vessel 12 suitably may be |
constructed of a vériety of malerials such as a clear polyvinyl chloride..or ﬁ -
polypropylene, or other material that will be essentially inert to the anolyte and
-catholyte solutions. ‘



copper by use of an electrolytic cell with cathode and anodes -separated by
an ion- permeable nenbrane to provide a treated sol uti otV Felruay208énpl et el y
or at |east essentially devoid of copper (e-g- a treated solution having
|l ess than about 10000, 1.000 or 100 parts per mllion of copper). The
copper renoval systens of the invention may be-used in a batch-type
treatnment manner, or as a flomﬁthroqqh system Systens of the invention

al so may contain other apparatus suchas a-filtration step either before,

" during, or after electrolysis, and the.like Reference is now nade to FIG 1

of. the Draw n which i cl,S .a.preferr electrol yvtic_copper renoval
Oystom 100t iasterh L& RorftaR! cirhaf RS BldaR s oB) SE SERby By SOBREL IOVl
renoved iisniptimbltasenbabol 8 d3tiedde 12 mafeissfotmeidran bfiabf y variehy obe
constructed of a variety of materials such as a c|ear polyvinyl chloride-or
a pol ypr%ﬁ?‘i’léﬁ&tﬂrﬁ‘ﬁsf Stgh\%?m’ﬁ%&%‘ﬁi g1 OfiErmClic mafRiab Ch AF CAPRS)- i nert to the
anol yte afighilaAa! HebY 1 6 mgbbi FirRRE frohl aryedTTaUakdy 20 RAieSUA! SRkt ANt ai ns

cat hode 14 and anode 16 that are separated by a copper  ion perneable
menbr ane m@tallicaneshomch as pliinive mesvanade.r Hrvefically peefersad anode o6 issui t abl e

mat eri al s, 1:8, Qe inles - [ net. I I h as copper.
Simlarl ;’l‘}ahgﬁge éﬁ%@@%ﬁ%@?g&ﬁfﬁggﬁéﬁﬁ%% H?)tJTSha ?/dgl e %/Bﬁgfgkn%t erials,

pr ef er ablcptlmde idtiad Bl &stamkls stelicieeasatiadei t ani um mesh anode. A specifically
preferred anode 16 is a halide resistant precious netal oxide coated
titani um nmesh anode, and a preferred cathode 14 is a 316 stainless steel

~ sheet . cat hode. c£a5dr0dEanE%ne b0 RO PRSI pBsifdRh Q@b HepREdlL Pgd] such as
depicted in FIG 1 so that the anode and cathode are substantially or

ful'ly i nmiertbeidhe anadsand aehedcarasibstagtial igiryelly inmirssedrin drgpaebde pet meabl e
_.nenbrane 13 al.g0 may be forned froma variety of

The interposed permeable membrane 18 also may be formed from a variety af
* materials that will permit flow of copper cations therethrough. A preferred membrane
material is a cation exchange membrane such as Nafion materials (available {rom
DuPont) that comprise reinforced sulphonic or sulphonic composite films. Multiple

membranes 18 also may be suitably employed between the anode and cathode.

Suitable conditions for electrolytic copper removal in accordance with the
invention may vary relaiively widely. Typical operating conditions for the cell 10 of
. the f:onfiguratiou shown in FIG. 1 are a cell operation of from about 2 to § volts, more
preferably about 4 to 6 velts at a current density of from about 1 to 3 amps per square
"dm. Preferably anode and cathode surface areas are approximé.tely 1:1 (i.e. about the
same surface arca), and preferably the anode and cathode are sited between about 1
" and 5 cms apart, more preferably between about 2 and 3 cms apart. The vessel 14

- also may contain a circulation pump (not shown).

As discussed above, the fluid containing copper for removal can suitably serve
as the anolyte. A dilute aqueous acidic solution can serve as the other electrolyte,

preferably the catholyte.



materials that will permt flow of copper cations therethrough. A preferred
menbrane nmaterial is a cation exchange menbrane such a¥ Reffri@i 288terial s
(avail able from DuPont) that conprise reinforced sul phonic or sul phonic.
conposite films. Multiple nenbranes 18 also may be suitably enpl oyed
between the anode and cathode. Suitable conditions for electrolytic copper
renoval in. accordance with the "invention may vary relatively w dely.

Typi cal operating conditions for thesell 10 of the configuration shown in
"FIG 1 are a cell operation of fromabout 2 to 8 volts, nore preferably
about 4 to 6 volts at a current density of fromabout 1 to 3 anps per
.square dm Prifiet abiysteantlj eogrdcamhhoitbinghe fleidd 0am dasinalyt: sppmwxi nat el y

1.1 (i.e. about th sa urf ace;area), and. prefer b ode and
cat hode af'& t@f‘ipéﬁw‘gé‘fr gﬁ ‘ibqéjﬁ? %l %edgrémé:ﬁéorg%‘ﬁ?b r?&g@%bafjgf gr"'&‘ﬁl y between
about 2 aghd cAhEHE: @FRIdaquddue svlesssland doppat Gen pRydoan the Bathodd I4ul ation punp

(not shown). As discussed above, the fluid containing copper for renpval
can suitably serve as the anolyte. A dilute aqueous acidic solution can

serve as the ophes {%‘ﬁif ethd ! M4 Shode 6 RhEHRRAbYMNE RS aﬁ%ﬁtﬁ@llﬁ{tb%yst&ﬁ logRr uary 2004

I n use of system copper cations wthin the fluid 10 in the anol yte
section aremdveblesphidnedgads ot ahdlednd sldsdvithen vessel dide Sueh reorarablen per neabl e

menbrane 18 into i di ¢ a eou sol ution) and copper then
pl at ed on?%“lf%“%éf‘fiﬂgﬂ’cﬂitﬁ “S%”g P@}ICES 8(%3%% anode 16 and nenbrane 18

are fitted into system 10 in renovable fashl on, via a top handl e and
slots within vessel 12, Such_ renovable co entsc\éy H-li facilitate use and
mai nt enance of Hﬁcﬁﬁéﬂve@l‘ai'%%ﬂo%b gt FrigiRheHS opper can

be treateq,gi tht?)%gh hg?raaéaatmﬂﬂ% ﬂﬁoh%ﬁﬁB&HQ@ea@é&%Rﬁ%H mzltyrbeafeﬁlh%t hr ough

~.approach, freat e ution be réturned or recycled for further etching
use. In tbectyded fomﬁudgnetalppgmﬁn therlow-teugh aPBroaCh the vessel 12

‘depicted in FIG. 1 would include suitable entry and exit aperiures for delivery and

~ recovery of the spent and treated fluids respectively.

The dimenstons of syste:ﬁs 10 and components thereof of the invention can
vary widely and generally will be adapted for convenient use in a printed circuit board
manufacturing location, or other location where copper is to be removed from a

targeted solution. One suitable system has a vessel 10 aboui 3 feet long and two eet
1n height.

Used or spcnt ctohant soluuons from prmted circuit manufiacture often may
contain from about at least about I to dbout 5 grams per liter of copper, commonly at
least about 15, 20 or 25 grams per liter of copper. The levels of copper in such

solutions often vary with manufacturing control exerted during board production.

Copper can be remioved from such fluids in accordance with the invention to
provide solutions having less than about 10000 parts per mitlion of copper, more

typically less than about 1000, 100 or 10 parts per million of copper.

As a consequence, solutions treated in accordance with the invention can be

disposed without generating solid wastes. This can provide a substantial benefit over



depicted in FIG | would include suitable entry and exit apertures for
delivery and recovery of the spent and treated fluids teEguuay80¢. The

di mensi ons of systens 10 and conmponents thereof of the invention can vary
wi.-dely and generally will be adapted for convenient use in a printed
circuit board manufacturing |ocation, or other |ocation where copper is to
be removed froma targeted solution. One suitable systemhas a vessel 10
“about 3 feet long and two feet in el ght. Used or "spent" etchant

- solutions fromprinted circuit manufacture often may contain from about at

| east about | to about . rans..per l.iter aof, copper. .o ‘ at . | east
_about. 15,""EFF%PWE%CC@F”;‘I‘FS‘%ﬁ?‘lﬁiﬁgposﬁg%torﬁ%g'@ e (Sal\L/I&e)$es owé%eﬁf)er in such
sol uti ons; Mhti&R iy B édotiErmuk@cties | ng control exerted during board

production. Copper can be renoved fromsuch fluids 'in accordance with the
invention to provide solutions having |ess than about 10000 parts per

- mllion of COp%&rre@é&ig&m.Q%ﬁypéhml%WcM%teﬁp&Qhe #¥en@dn 10 parts

per mllion of copper. a consequence, “sol utions treated in accordance
with the haventd sanlessstdsbshedi pfode d4wuintdnode 1eftirtivmmesbobpigdwadtzs. Thi s

can provide a substantial benefijt over, 17 Fe r 4 practices
‘whi ch can%"r’i’i‘*ﬁ?lry s B§§]°h@mgpf%@%lg%%%%ﬁ E&ﬁg%\%‘ g‘f’ﬁ cgélgpoor% ) 1 {10:3(%3le1 tf)nént
sol ut i ons gjdhahgdibinblagie;Qhogtd B is wRsquzoad fulfaric Wit BolabecangaingatFl G 1, one
particularly preferred systemof the inventi ‘on.d hacf a 316 s]t ai !tblh ss steel
sheet cat kodieibpst maﬁa'aﬁ_ﬁ’ifé“TG’fdeﬁ% Hf"@_ﬁ‘i‘ RESHIE 88 bzfirerely: ang fiical Iy
lnert pr e%étﬁglﬁre@t idh 2%@% peftBitinaats b8 firfe ARt ioRiocnDIRRRNaRR0 cation
exchange ne ane; anolyte 20 is an aqueous sulfuric acid solution
cont ai ni negnemtbradcemattrialboailaile figraRslqne alsp mag be spitabipdrmafaisedefsdd per oxi de
and benzotriazol e; and.the - cathol v j W : 2 ueous
SUirarto S CofeRBnt B e At & b Ao B Bl

The anolyte may be a Circubond Treatment 180 Solution (Shipley Company,

Coventry, U.K.) that contains capper as a result of microetching copper clad printed
' circuil board substrates. The anolyte 20 is subj ected to continuous particulatc

filtration. An applied current density of about 100 amps per square meter would be

preferred. Upon passage of an electric current between the inert anode within the

anolyte solution and the cathode within the catholyte solution, copper is transparted

across the permeable membrane and deposited in metallic form on the cathode

surface. Oxygen may be substantially simultancously liberated at the anode surface

which will serve to oxidize organic moieties contained within the anolyte solution.
All documents mentioned herein are incorporated herein by reference.
The foregoing description of the invention is merely illustrative thereof, and it

" is understood that variations and modifications can be effected without departing from

the spirit or scope of the invention as set forth in the following claims.



menbrane material s avail able from DuPont al so may be suitable and may be
sel ected for particular selectively of. the conpl exi ng Hoeehruay 2804pecific
solution being treated- The anolyte may be a Circubond Treatnent 180

.Sol ution. (Shipley Conpany, Coventry, U K. ) that contains copper as a
result of mcroetching copper clad printed circuit board substrates. The
anolyte 20.is subjected to continuousigarticulate filtration.” An applied
current density of about 100 anps per square nmeter would be preferred.

- Upon passage of an electric current between the inert anode within the
anol yt e solhitiodlaried ik-he cat hode within the catholyte solution, copper is
-transported across the perneabl e nenbrane and deposited in netallic form
on the cathode surface. Oxygen nay be substantially sinultaneously
liberated at the anqdg e foRenoWhbCddpPirflon® & hi@utl cORhALIRE aRT 9ani c

noi etii es contai ned wi thin the anolyte solution. Al docunents nentioned
her ei n ar eléctrobitisoek thaticarenrisehatanode et eprtkode TRrARled by Gicaprdeser i ption of
t he i nvent i illustrative thereof, and it is understood that
vafiationémgﬁﬁﬁﬁ%%?%ﬁgé?ions can be effected without departing from the
spirit or scope of the invention as set forth in the following clains. 17
‘February 2004 at - i,g clained is: 1. A systemjfor. renpval of capper froma
m xt ure, conpr?gys]i ng ]j’ﬁ CO%HCéEWQﬂaKI?WSE?“E%qS a‘’t“h]a‘f""g‘?f8’|’?‘ﬁ‘rsio‘1‘5t L, “E?HBE and a
cat hode S%?ﬁ&ta%g aR¥pfer GORPIBink APent REFERAPISNIBMIRR DT adolyid & tROPPET
renoval systemof claiml wherein a solution containing copper and a
copper comsllexi ng agent is present as the catholyte or anolyte of the

cell. 3. The copper renoval systemof claiml wherein a solution containing
copper and a copper conplexing agent is present as the anolyte of the cell.
- ' 3. The copper removal system of claim 1 wherein a solution containing

~ copper and a copper complexing agent is present as the anolyte of the cell.

4. The copper removal system of claim 2 or 3 wherein the solution is

produced from a printed circuit manufacturing process.

5. The copper removal system of any of the preceding claims wlherein the

copper complexing agent is a nitrogen-containing compound.

6. The copper removal system of any of the preceding claims wherein the

copper complexing agent is an azole.

7. The copper removal system of any of the prededing claims wherein the

copper complexing agent is a tetrazole or a triazole.

8. The copper removal system of any of the preceding claims wherein the

copper complexing agent is a benzotriazole.

9. The copper removal system of any one of claims 1 through 5 wherein

the copper complexing compound is a non-cyelic compound. _



4. The copper renoval systemof claim2 or 3 wherein the solution is
produced froma printed circuit manufacturing process. ¥ FaMuary@8pér
renoval system of any of the preceding clainms wherein the copper
cconpl exi ng agent is a nitrogen-containing conpound. 6. The copper renoval
system of any of the preceding clains wherein the copper conplexing agent
is an azole. 7. The copper renoval system of any of the preceding clains
wherein the copper conplexing agent is a tetrazole or a triazole. 8. The
" copper renoval system of any of the preceding clains wherein the copper

conpl exi ng agepd i STy [ . ofcTe m of an
npl exi ng ag Eﬁ.tLrggzﬁﬁ:g&‘}%b@ﬂ%&txﬁ%fc&hﬂ1%91‘3%?%}{188@!:0&%%% y

.one of clains wherel n e copper conpl exing conpoufid is a
non- cycl i coppens puesdnt ak Theratholiae gr 2004¢ ¢fithet@l]l. The copper renpval system of
claim| wherein a solution containing copper is present as the catholyte
or anolyte of the cell. 1.1. The copper renoval system of any of the
precedi ng cl ai b WhEhetdpptiremovil xystea of s of thé pavedifg dairdgwieat thei di C
solution. . 12. The .copper renoval. system of. any one of clains 1 through 8
wher ei n ‘t%“’f?i“%ftsﬁlr“&o?gsa&r‘i‘q‘é‘i?b‘éﬁ?}gwé‘eﬁ’tﬁ‘?{'}' sol ution that contains a
benzotriazol e and a peroxide. 13. The copper- renoval system of any one of
‘clainms | through 8 the M xture is an aqueous sul furic acid solution that
contai ns a benidt ri Akotarenrdmorsl gy searet pay o3¢ afeclaimg | tnongl 8 pyywerein enoval

Syt em of yAixRle 115 ALESETAE ShADNTk YEADA! a OSBRI S M3 pHicbddR" T 0
13. The copper removal system of any one of claims 1 through 8 the
mixture is an aqueous sulfuric acid solution that contains a benzotriazole and

hydrogen peroxide.

14.  The copper removal system of any of the preceding claims further

comprising a filtration apparatus.

15. A process for removal of copper from a mixture that contains a cepper
complcxihg agent, comprising:
providing a system that comprises an electrolytic cell that comprises an anode
and a cathode separated by a copper ion-permeable membrane;
adding to the system a fluid that contains copper and a copper complexing
‘agent; and
 electrolytically treating the fluid.

16.  The process of claim 15 wherein the flaid is flowed through the

system.

17.  The process of claim 15 or 16 wherein the fluid is produced from a

printed circuit manufacturing process.

18.  The process of any one of claims 15 through 17 wherein fluid

containing copper and a copper complexing agent is added as the anolyte of the cell.



15. A process for renoval of copper froma mxture that contains a copper
conpl exi ng agent, conprising: providing a systemthat cbhbehryay 2084 :
el-ectrolytic cell that conprises an anode and a cathode separated by a
.copper ‘i on-perneabl e nenbrane; adding to the systema fluid that contains
copper and a.copper conplexing agent; and electrolytically treating the

. fluid. . 16- -The process of claim15 wherein the fluidis flowed through the
system -17. The process of claim15-agr 16 wherein the fluid is produced

~froma printed circuit manufacturing process. 18. The process of any one
of-.clainms 15 through .17 wherein fluid containing copper -and a copper

-conpl exing agent is added as the anolyte of the cell 1 7 February 2004 - 12

19. The process_of .anyone of .clainms 15.through erein the fluid is an
aqueous aci di c_l%ol u?ﬂ%PFOF%éPf@Hrﬂ“&iO% a&“%i)%%ﬂ?“%é%ﬁ‘% < ‘MSV B0. The
process of,feh@d Bk sAMoPMNE: Rhtaisal dppdroipledi@ihgd@ wherein the copper

conpl exing agent is a triazole. 21. The process of any one of clainms 15
t hrough- 20 wherein the fluid is an aqueous acidic solution that contains a

benzotri azol e d a ' 2 Q¢ ERELOf 5 8 15

t hrough 20 mhe?@in {ﬁ%ﬁ@?ﬁ?ﬁfﬁé%%%ghﬁaﬁggﬁs Su :Ugﬂ%gggggﬁ%gﬁﬁﬁkon t hat
‘cont ai ns eodpenzahpleang lkgenaiscth tiyedrlegen peroxi de. 23. The process of any one
of clainms 15 through 22 wherein fluid added to the system has a copper

concentration of at least. 5 grans per liter of fluid, and the
21.  The process of any one of claims 15 tlwough 20 wherein the fluid is an -

aqueous acidic solution that contains a benzotriazole and a peroxide.
22.  The process of any one of claims 15 through 20 wherein the fluid is an

aqueous sulfuric acid solution that contains a benzotriazole and hydrogen peroxide.

23.  The process of any one of claims 15 through 22 wherein fluid added to
the system has a copper concentration of at least S grams per liter of fluid, and the
system electrolytically removes copper from the fluid whereby the copper

conecentration of the treated fluid is about 10000 parts per million or less.

24. A method for copper removal, comprising:
a) providing a system that comprises 1) an electrolytic cell that comprises an
 anode and a cathode separated by a copper won-penneable membrane, and 2) fluid that
contains copper; and - - |

b) electrolytically treating the fluid.

25.  The method of claim 24 wherein the fluid that is electrolytically treated

comprises a copper complexing agent.

26. The method of claim 25 wherein the copper comiplexing agent is added

to the fluid prior to the electrotytic treatment.

27.  The method of any one of claims 24 through 26 wherein the fluid is

flowed through the system.



systemel ectrolytically renoves copper fromthe fluid whereby the copper
concentration of the treated fluid is about 10000 part s!hEsPIHAWIZ08A or

| ess. 24. A nethod for copper renoval, conprising: a) providing a system
that conprises 1) an electrolytic cell that conprises an anode and a

cat hode separated by a copper ion-perneable nenbrane, and 2) fluid that
~contains copper; and b) electrolytically treating the fluid. 25. The nethod
of claim24 wherein the fluid that i s'é%e‘ctrol,yti cally treated conprises a
"~ copper conpl exing agent. 25. The nethod of claim25 wherein the copper
conpl exing agent is added to the fluid prior to the electrolytic
.treatnent. 27. The nethod of any one of clainms 24 through 26 wherein the
fluid is flowedd hr olighmttied syslyemt of damatrlaroieR 09 dherk R B8 uldlg et hod of
any one of clai 24 thr.ough, 27 wherein the fluid is pr oduce(':]l rom
a-pri-nted cff g‘fﬁgg ﬁ?&h%‘?’&&?&ﬂﬂ@“ﬂ%@%&%ﬂ@cwe nmet hod of any one or
clainms 24 through 28 wherein the fluid is -added as the anolyte of the
cell. 30. The met hod of any one of clains 14 through 29 wherein the fluid
is an aqueous & di clopethpdaf anyane onsltiais?s throoglppe wheeipthe fiakgisagent . 31.
__The met _hod e RY10E0] éo%ltﬁe%c%ﬁ_ 14 through 29 wherein the copper

conpl exi ng agent 1s a triazole. :

30.  The method of any one of claims 14 through 29 wherein the fluid is an

aqueous acidic solution that contains a copper complexing agent.

" 31, The method of any one of claims 14 through 29 wherein the copper

complexing agent is a triazole.





