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//AND REMOVAL OF COPPER FROM FLUI DS *159159* BACKGROUND 1. Field of the

I nvention The present inventi ebaﬁeigiiﬁm_r ved processes mmmmmumms
for renoval and recovery of %gp.e ,vpartitt arl’y fromsolutio

spent etchant-type solutions produced in printed circuit (wring) +Bosed
manuf acture. 2. Background Multil ayer 1print eaoéipmtjl boards are used for a
variety of electrical applications and prov ant age of
conservation of weight and space. A multilayer board is conprised of two
or nore circuit layers, each circuit layer separated from another by one
or nore |layers of dielectric material. Grcuit |layers-are forned by

appl ying a copper layer onto a polyneric substrate. Printed circuits are

then formed onpkHEESSRPAND APPARAVUS EORRECSYERY ANINRBMGWALhe art, for
exanple print and etch to define and Eroduce the circuit traces - i.e.

discrete circuit lines in a OHGEOPRER EROMFEUBR®t ern. Once the circuit
patterns are forned, a stack is formed conprising nultiple circuit |ayers
separated from each other by a dielectric layer, typically epoxy.

Ther eaf t el BACRGROWER i s subjected to heat and pressure to formthe

| ami nated nul ti] ayer_,ci rg i; board. Followi ng |lam nation, the multiple
circuit layers hrc eﬁ‘éléf’ﬂj'@ PYSPUOBnnected to  each other by drilling

t hrough hol es tﬁ{egﬂalamtiheerl@i%arr@laéwdiafpeoveﬁkwdass%m afpaifls fohicateshr hol e

drilling is renoved under rather stringent conditions, for exanple, by
and recovery of copper, particularly from solutions such as spent etchant-type

solutions produced in printed circuit (wiring) board manufacture.

2. Background

Multilayer printed circuit boards are used for 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 formed on the copper layers by techniques well known to the art, for example
print and etch to define and produce the circuit traces - i.¢., discrete circuit lines in a
desired circuit pattern. Once the circuit patterns are formed, a stack is formed
comprising multiple circuit layers separated from each other by a dielectric layer,
typically epoxy. Thereafter, the stack is subjected to heat and pressure to form the

laminated multilayer circuit board.

Following lamination, the multiple circuit layers are electrically connected to
each other by drilling through holes through the board surface. Resin smear from
through-hole drilling is removed under rather stringent conditions, for example, by
treatment with a concentrated sulfuric acid or hot alkaline permanganate solution.
Thereafter, the through-holes are further processed and plated to provide a conductive

interconnecting surface.
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treatment with a concentrated sulfuric acid or hot al kaline permanganate
solution. Thereafter, the through-holes are further processed and pl ated
to provide a conductive interconnecting surface. *@0002* 3 2 Prior to

| am nation and through hole formation, the discrete copper circuit |I|ines
are typically treated with an adhesi on,pronoter to inprove bond strength
bet ween each circuit |ayer and adjacenf interleaving dielectric resin

| ayers. One nethod used by the art to inprove bond strength involves

oxi dative treatgent ] r. ch it ].in 0 forma co r oxide

surface coati ngfnéﬂr Eoﬁgem%lgk?%nuﬁ% | ﬁlggh&%#ém{cl&?’g% %1:16%{ if§PPY CHE@; ly a black

or brown o¥nebeart gypivally radtedidithraasdivsidn fremdtbretodmppese.bond bengii de possesses
hness than an untreated copper surface.

significantly nore.texture or .rqu ]
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conver si on ted. surf dhesi,on_an ttability to the
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| ayer. Metal _sur 1(_;l\ce.s t hat have been m crpetched, but not conversion coated
do not geﬁ‘é“rf%ﬂelé piceldecatmants which proguee adherspt conversion cPakings AR IR 2Ind

texture, asu€aRshBch hyllQRitd bRMeHNEINmEaded as kShlogtdié Adhe@bn ¥F Si bl €
light. Qther techniques known in the art to pronpte adhesion between copper
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produce r oudisitechndurdtabitis. 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 degree of surface roughness and texture, as can be

inferred from their greater reflection of visible light.

Other techniques 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 form an
ctched surface suitable for lamination of circuit layers in mudtilayer circuit fabrication
have been disclosed in U.S. patent application serial number 09/198880, filed
November 24, 1998, and corresponding South Korean patent application no. 98-
54330, and Japanese Application 37764/1998, Publication Number 10-377764/1998,
all assigned to the Shipley Company. The disclosed compositions are acidic aqucous
solutions and contain inter alia a triazole, preferably benzotriazole together with a

peroxide, preferably hydrogen peroxide.



Hi ghly useful conpositions for treatment of copper and its alloys to form
an etched surface suitable for lamnation of circuit layers in multilayer
circuit fabrication have been disclosed in U S. patent application serial
nunber 09/198880, filed Novenber 24, 1998, and correspondi ng Sout h Korean
patent application no. 98- 54330, and Japanese Application 37764/1998,
Publ i cation Nunber 10-377764/1998, al3-assigned to the Shipley Conpany.
The di scl osed conpositions are acidic aqueous solutions and contain inter
alia a triazole, preferably benzotriazole together with a peroxide,

pref erabl y hydrWheasyshethpgsolutignagie highbyrffecaye Hgrrongeisitions#lse yiedd hi ghl y

o f ective . G CRIRAShL! BASin3 LS theY ! §L&s$@gé@&hiﬁtggm&6%ﬁ§ytbgat cont ai ns

copper. Such spent etchant sol ons na sira froma waste

t r eat nent Andssiraper Speatwask . reRorentzemrpémpectivg péar ewarsple, coppeuwanas have been
di sposed of by off-site.contractor..or generate |ar uantities of sludge.
In either S&M%Bégﬁ‘,'estfeﬁ%d@)%sﬁé ogt@f ?ﬁfisﬁﬁg°%a‘}°6Pf %elﬁ‘g%?e @&ﬁaéﬁaﬂ%%esrfﬁt als are
typically @yRRt takither apptoadiNeed spant kalndbisl and/otRaTcoMtaifRdacdtiis ade al ternative
met hods of treatnent or disposal of_ such solutions containing copper would
be very dexpically evengigymagsiened tolendfl/ENTI ON The present invention provi des
novel processes and apparatus for renoval of copper froma solution or
fluid, particularly spent etchant solutions that contain copper produced

t hrough pri nt edCrearly,yiractibad altenataveuficbods of treaiment evdispdseiotisyclparti cul arly
useful for_ recovery/renoval o r fro aqueous adm xtures that contain
a copper c¥ }o&icHétmé%c[o,ppeéyJé{uﬁg@%fe[rygasé@_:lebom ai ni ng conpound i ncl udi ng
cyclic compounds such as an azole, particularly a tetrazole, triazole or

t hi adi azol e, or other ent._that can conplex with copper such as

a
non- cycl i CSGWGMQF’IB%WEWT§ am nes, preferably secondary or tertiary

am nes 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 compounds, 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 aqueous admixtures that
contain a benzotiiazole, or other triazole. Systems of the invention can be
characterized at least in part by use of a separated (e.g. interposed ion-permeable

membrane) electrolytic copper removal from such aqueous admixtures.

It has been surprisingly found that copper can not be effectively removed from
solutions containing a copper complexing agent such as benzotriazole by many
methods such as precipitation and simple plating. However, it has been found that
copper can be removed most effectively from such solutions ﬁsing a separated cell

system, enabling convenient treatment of copper etchant solutious.



whi ch may optionally have acidic noieties such as EDTA. The conpl exi ng
agent also may be aromatic such as benzotriazol e or benzot hi adi azol e. The
invention is particularly useful for recovery/renoval of copper from
aqueous adm xtures that contain a benzotazole, or other triazole. Systens
of the invention can be characterized at least in part by use of a
separated (e.g. interposed ion-perneabte nenbrane) el ectrolytic copper
renoval from such agueous adm xtures. It has been surprisingly found that
copper can not be effectively renoved from solutions containing a copper
conpl exi ng agent such as benzotriazole by many nethods such as

precipitation and sinple plating. .Howeyer, it h n,.found t.hat copper
can be rem)ved&’nrl}ggltlt be%c"?‘f@é?’ ftg‘ (e)?'}?”slubshcuggmﬁ &%‘r‘é{%&&t ﬂg]eémsegehﬁgf ated cell
system esfaRbpdigenoval @fd @Rticcesshi bie fésubifof drmoabinatichafthe soppir ibeing. - 4

Wt hout being bound. b ny theory, it . is currently thought that other
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as benzotriazole and the polarisation being conferred on any i mrersed

cat hode (pieceduse)ryitbe pomaplexingiegenpr ocedure) by the conpl exi ng agent. In
particul ar detail, mcroetch solutions based on sulfuric acid and peroxide
are formul ated for application within the printed circuit board inner |ayer
process manuf acladtidudg dtalg@scrovtdhsohtiont byt yn kelfigie satvandtere@fideont ai ned

conpl exant chemstry, e.g.. a benzotriazole or, other triazole. After use on
a pr ocessarifpnulated for appligagen ‘B%H%P%&FVC%WS{H%PEEC%% t he

cont ai ned GoRREKNhEVELS RWRPIRAGLy 12RO ls brodRidiABEpR&End i tre. At that
stage, the solution would be discarded and require treatnent via disposal

to satisf ghdmisty, cannibensnsarole or othepiriaaplee Adlst ks qnrg ppgasgline,isuch he Uni t ed
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i nvention, €O
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 and apparatus of the present invention, copper can be
removed from such spent microetch solutions, and the treated solutions either re-used
in a copper microetching solution, or the solution disposed of without the concern of

copper content.

A wide variety of other solutions and other coxﬁpositions containing copper
may be treated in accordance with the invention. For instance, an aqueous admixture
that contains copper, but not a copper complexing agent, may have a
removal/puriﬁcaiion effective amount of 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 the copper in accordance with the inveation, 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 agent also may be employed. Optimal amounts of

complexing agent to be added (v a copper containing admixture (e.g. aqueous copper



renoved from such spent microetch solutions, and the treated sol utions
either re-used in a copper mcroetching solution, or the solution disposed
of without the concern of copper content. A wide variety of other

sol utions and other conpositions containing copper nmay be treated in
accordance with the invention. For instance, an aqueous adm xture that
contai ns copper, but not a copper con@ exing agent, may have a

renoval /purification effective anount of a conpl exi ng agent such as
benzotriazole or EDTA added to the copper adm xture and that adm xture
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i nvention. Relatjve smal | anounts of..a .conpl exi agent can be added to
a copper &%F%ﬁlﬂlleﬁﬁ}%%lcﬁ?‘?%ﬁgﬂ#gfgﬁec{lge%?%%@mn\%%he%é‘?ﬁ;%“% A& opper in
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conpl exing agent relative to the copper in the adm xture. Larger anounts
of the conpY®toagEnddanircaisdmmpmsther canbs Bsieyior eppReEPstount s of

conpl exi ng agent to be added to a copper containing adm xture (e.g. aqueous
copper 5 solution) for renoval of the copper can be determ ned by sinple
testing, e.g. V@sppeusmdvektyssaspl &s infentihe inchppen ekdvdiglysie uhiavemddi f f eri ng
amounts of the conpl exi ng agent added thereto can be treated via a
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invention include an electrodialysis unit, and the solution for copper

recovery (aofte.R wideyarieh of sumpHibleslenmobiss Hay Poeset aethe sathelyée. eghol yte or

cat hol yte. , . Jiib Solfis JrARIRCLKId, HuotdbBridh&l HBhSRAlptbhi@BciaSn Sedi@s t he
anolyte, a wde variety of conpatible electrolytes nmay be used as the

cat hol yt e, Prefegably theisdlutiondd be freated (sfg. theirhigrdetchzelugion’ is usadaisahé ¢ aci d,
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I he .like. Preferabl
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sol uti on thaboldeestheptorpenicthpleanpaeht @, a duerabSO, 3alatieh)as uwdhethe
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.

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

manufacturing processes.

It should be further appreciated that references herein to 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
removal/recovery in accordance with the invention will be aqueous solutions, but
those solutions also may comprise an‘organic solvent 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



triazole or other copper conplexing agent (e.g. a dilute H2S04 solution) is
used as the catholyte. For exanple, waste plating solutions that contain
copper can be treated via a separated cell systemin accordance with the
invention to thereby renove copper therefrom It should be appreciated

that although the present invention is generally discussed in the context
of copper renoval/recovery from aqueous sol utions produced through printed
circuit board manufacture, the invention also will be applicable to

removal / recovery , of copper. f sol uti.on nd. m xtures. prr-ogduced i n ot her
manuf act ugﬂlheé)uf&%grggggrgg Pa 3 s[epérﬁ{élﬂlegzcgré&lﬁﬁ%tlﬁ%rdlsg})oﬁ Féé@?rﬁpeg%yﬁat ref er ences
herei n t o coeplxily 4e@e ¢l be idbntiRediyerimple @ismhi.utd eddidatconipldisd ve of
renovi ng those netals as may be present as dispersions or other forns in a

sol vent. TFgpican by 2ddeg 1o ft BSOS sotiad th CORRPSPOPPLE (A} APIHRR BAEFY i n
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solutions als conprise "an organi ¢ sol vent conponent, particularly
wher e t heolitignahalyzd forsppperseniosdli Fihe complexing agant witheypieatlncompieal exi ng

agent".or " g@gﬁ{seﬁ%&%{hn&@%gﬁttﬂe%i d herein refers to any conpound

o
t hat when 0619 can e removal of copper froman 6 aqueous
adm xture via a separated electroyltic cell as disclosed herein. Thus,
conpl exi ng ageg(ﬁ_ can be jdentified by sinple testing, i.e. a candidate
conpl exi ng ag ‘i‘erc%ﬁﬁe%%dl %C%W%cé’&a%%gé“@ol ution that contains copper,
that solution passed through a separated electrolytic cell in accordance
with the invention, and the treated solution analyzed for copper renoval.

The conpl BRI REEERIRFION OF JHAPDRAWBYSS ex or otherwi se interact with
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invention.

DETAILED DESCRIPTION OF THE INVENTION

As stated above, the systems and processes of the invention enable removal of
copper from copper-containing fluids. In particular, the invention enables removal of
copper by use of an electrolytic cell with cathode and anodes separated by an ion-
permeable membrane to provide a treated solution that is completely or at least
essentially devoid of copper (e.g. a treated solution having less than about 10000,
1000 or 100 parts per million of copper). The copper removal systems of the
invention may be used in a batch-type treatment manner, or as a flow-through system.
Systems of the invention also may contain other apparatus such as a filtration step

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 invention. ln use, a solution from which
copper is to be removed is introduced into vessel 12. Vessel 12 suitably may be
constructed of a variety of materials such as a clear polyvinyl chloride or a
polypropylene, or other material that will be essentially inert to the anolyte and

catholyte solutions.



FIG 1 shows schematically a preferred copper renoval system of the

I nventi on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON As stated above, the
systens and processes of the invention enable renoval of copper from
copper-containing fluids. In particular, the invention enables renoval of
copper by use of an electrolytic cell - th cathode and anodes separated by
an ion- perneable nenbrane to provide a treated solution that is conpletely
or at least essentially devoid of copper (e.g. a treated solution having

| ess than abouts 10800 corifiQatload 9 uAREAGIABnalThik! L ARG bGARRBH:. The

copper renoval systens o I nvention nma bae used in a”bat type
treat ment iompeercablormesbrand I8oVEatiudsudmayytst formed f8ymtapyref efvati¢tie of nvent i on

al so may contain other apparatu uch.as a filtration,ste either before,
dur g or SrEgr Rty 5 SRttt et B R pBatipnidld Sns BRapfimde 1o FIG 1
of the Dr agipiasy, adode N6 gapibe fdmad fiopl &ty &fth vaeibig of helietals; pedprbly a enoval
system 10 of the invention. In use, a solution_fromwhich. copper is to be
removed i sueAtlicoaerieticn g5 8 titppwELmesvanoge.s Aspecifically;pr EW‘PWCHB 154
construct gyaf Qi bFécKoquneﬁ%ﬁEié BbatcSliaAnASnGh@h &, aR@hYYdfYéd chl oride or
a polypropylene, or other material that wll be essentially inert to the
anol yt e anzhthodatlhas g B&6 stainless wesd sheeychedeem 10 cont ai ns cat hode 14 and
anode 16 that are separated by a copper ion perneable nmenbrane 18. Cat hode
14 may be fornmed fromany of a variety of suitable materials, e.g.

st ai nl ess st eel Cathodd heindmbdd 16 e prifanblalpositicitdasc apdaicteSinFlGanl y, anode
16 may be fornmed fromany of a variety of erials, preferably netallic
mesh, = suchsodbatthe pogs; anmcabeds aéﬁ%‘d:@@nﬁa@b%&ﬁh E‘é{ﬂ?’-ﬁecbwe‘ﬁ%ﬁi? Hteéﬁgde 16 is a
hal i de resistiadl. precious netal oxide coated titanium nesh anode, and a
preferred cathode 14 is a 316 stainless steel sheet cathode.

The interposed permeable membrane 18 also may be formed from a variety of
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 relatively widely. Typical operating conditions for the cell 10 of
the configuration shown in FIG. 1 are a cell operation of from about 2 to 8 volts, more
preferably about 4 to 6 volts at a current density of from about 1 to 3 amps per square
dm. Preferably anode and cathodc surface areas are approximately 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.



Cat hode 14 and anode 16 are preferably positioned such as depicted in FIG

| so that the anode and cathode are substantially or fully imersed in die
anolyte and catholyte. The interposed perneabl e nenbrane 18 al so may be
formed froma variety of materials that will permt flow of copper cations
t heret hrough. A preferred nenbrane material is a cation exchange nenbrane
such as Nafion materials (available f8om DuPont) that conprise reinforced
sul phoni ¢ or sul phonic conposite filns. Miultiple nenbranes 18 al so may be
sui tably enpl oyed between the anode and cat hode. Suitable conditions for

el ectrol ytic coppes ot yasmall, Fappacegrpmyibingig fug 8 in e RBARTOHRCHY vary
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areas are approximately 1:1 (i.e. about the sane surface area), and
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apart, nore preferably between aboyt 2 and 3.cns apaLt .., The vessel 14 also
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catholyte. 8 In use of system 10, copper cations within the fluid 10 in the
anol yte section re transporded acros h I Wil Gel k' s r..,yore ion
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handl 6 andoFBteled for ey Beuad use, Jﬁt&fﬁf’*}“&% pgroa %ﬁ@%}‘.‘?ﬁ?sﬁm |
facilitat eqy3gAROFIRIIMENARERAOSuilBR 1§ laBlexit apertures for delivery and

recovery of the spent and treated fluids respectively.

The dimensions of systems 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 about 3 feet long and two feet
in height.

Used or “spent” etchant solutions from printed circuit manufacture often may
contain from about at least about 1 to about 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 removed from such fluids in accordance with the invention to
provide solutions having less than about 10000 parts per million 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



As di scussed above, fluid containing copper can be treated either in a
batch or flowthrough approach. In a flowthrough approach, treated
solution may be returned or recycled for further etching use. In the

fl owt hrough approach, the vessel 12 depicted in FIG | would include
suitable entry and exit apertures for.glelivery and recovery of the spent
and treated fluids respectively. The di nensions of systens 10 and
conponents thereof of the invention can vary w dely and generally will be
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feet in height. Used or "spent"” etchant solutions fromprinted circuit
manuf acture often may contain from about at |east about 1 to about 5
grains per |itewiofrefepnieeto Fichriyom partalarlyqasferrebaystem & the iventi®s gr ams per
liter of copper. The levels of copper in such splutions often vary wWth
manuf act ur hafp Téntaplessestes! shgt E?&li“fdﬁgd'b%@(?gf) ?%8&6‘??18{{‘. m?fglpcﬁé‘ dc}'gﬁy‘be
renoved from SuoR, fLUEAS dud nes OkidaNEEmWah 18 REdfoMEDLPEM) 35D catioavi de

sol utions having’less than about 10000 gar.ts per. m l | i on of. copper, nore
typical |y exshengamembisastanetytn20 530 agreordsyrcaciisplybon CoRAINGE #opper. As a
consequenc | Ut 4 i 20 _ o4 el JeOMnE@B be

i sposed weretLl R pEAECy pRE IBURHRERCIR ol el o Bt
benefit ovesthSlyod2ient? weighttjermst agueas sburicanidsalutiins gybentatim

net al - cont ai ning sl ud of .t ent olutions in.l i er waste
S tos, Wt MeReRREEN s spieb e o P g A st YRR e e ek Cr (e
i nvention g m@c&a}gcﬁét@{w 555 SbBglkxiffegint 604 frdeickéluion bangdeat. of

titanium mesh coated wth a chemcally 1nert precious netal oxide,;
menbr ane 18 hiesnplyte roay bouPiaehondsgeamgentd {0 Saluting AYEPIRE FBFRARY: anol yte 20 is

an aqueous Cgol{/lcfm%rf,i[?.K%ctilg SRlas| BPpet 894 Astk BmAkoetching copper clad printed
circuit board substrates. The anolyte 20 is subjected 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 transported
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.



| 'east about 10 grans per liter of copper, hydrogen peroxi de and

benzotri azole; and the catholyte 22 is a 2 weight percent aqueous sulfuric
acid solution. OGther Nation nenbrane nmaterials available from DuPont al so
may be suitable and nay be selected for particular selectively of the
conpl exi ng agent of a specific soluti-of® being created. The anol yte 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
boar d substwiai ésclaifited ianol yte 20 is subjected to continuous particul ate
filtration. An applied current density of about 100 anps per square neter
woul d be preferred. Upon passage of an electric current between the inert
anode within the ang ysensfl tmeonl ahwppdrdranat hoderapkshprisibgien cat hol yt e

sol ution, copper is transported across the perneabl e menbrane and

deposi t ed felecHelyER Cpl URbFIRISHCE Healodf ﬁ%@ca%%sszﬂé?te&ygéﬁpm-ﬁymﬁe

subst ant i a?k#éﬁbf@’r’n&ﬁﬂﬁﬁé{y y liberated at the anode surface which wll
serve to oxXidize organic noieties contained within the anolyte sol ution.
Al'l docunents mentioned herein are incorporated herein by reference. The
foregoi ng description.of the 1nvv%p£i gui)ts\lqglrlel Mmjmlnlauss0 &t%tnic\éq atmh]qr eof, and
it is understodd that™VaPRAFTBNE BEFHOE IR TERY TRNEE S FSeTRd wi t hout
departing fcopper db@ copper icbmpleximp@pentef prefeat avteaithalpteas agelytd fithd i n t he
following claims. -10 What 1s clained is: 1. A systemfor renoval of copper
froma m xtc@le, conprising an electrolytic cell that conprises an anode
and a cat hode separated by a copper ion- perneable nenbrane. 2. The copper
renoval systemof claiml wherein a solution containin copper and a
copper conpl exi iy agéefte doppgrremmeys sywert hesiaiat hot-yta: osolalpl gunguwhyt he

cell. 3. The SORRE" doghR Bhpfkileheis foRlalhd m? aSALHIdr e &ANT &1 NI N

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 wherein 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 preceding 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 a2 non-cyclic compound.



copper and a copper conplexing agent is present as the anolyte of the cell.
4. The copper renoval systemof claim2 or 3 wherein the solution is
produced froma printed circuit manufacturing process. 5. The copper
removal system of any of the preceding clainms wherein the copper

conpl exi ng agent is a nitrogen-containing conmpound. 6. The copper renoval
system of any of the preceding clains wherein the copper conpl exing agent
is an azole. 7. The copper renoval system of any of the preceding clains

wherein the copper TQRbENirdHo@deYkierh 5f Aain€l WagRiea fludod édnddfing. S. The
copper renoval system of any of the Precedi ng clains wherein the copper
conpl exi ngroapenis Prasert as dieAgthplyazen anolyee ofthecelbpper renoval system of any
one of clainms | through 5 wherein the copper conpl exing conmpound is a
non-cyclic conpound. - 11 10. The copper renoval systemof claiml| wherein
a sol ution cont &i.ni nghe cpppeempeal pysee of amsofitheprcaedued ¢laimovheaeiplithet e of the
cell. 11. The copper.renmoval system of, any of the preceding clains wherein
the m xt u‘F‘BSBIF0251)}&{'1?%%19%ngq%er?%glaﬁg%&gmgigﬁ'di c solution. 12. The copper
removal system of any one of clains 1 through 8 wherein the mxture is an
aqueous acidic solution that contains a‘benzotri?zole and a_peroxi de. 13.
The copper renoV&l syRt eapperremayal sidenof apapnroficlaims d dhmeugh 8 fdersf xt ure i s

an aqueousm%%&gﬁ-ég ﬁ@iqq%&x@wai&emﬁeﬂ&m@e&ﬁtah@§b@ﬂzeﬁﬁ§&terahémle?ox@dw _
hydr ogen peroxide. 14. The copper renoval system of any of the preceding

clainms further conprising a filtration apparatus. 15. A process for

removal of COPP§s, fr M gopnpsierxrtc}ﬁrogaltst}&Emco?%ﬁg&sotaclﬁgg Fier.{:xrough 8 the

mixuwure is an aguéous sulfuric acid sojution 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 copper
complexing 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 fluid 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.



conpl exi ng agent, conprising: providing a systemthat conprises an
electrolytic cell that conprises an anode and a cathode separated by a
copper ion-perneable nenbrane; adding to the systema fluid that contains
copper and a copper conplexing agent; and electrolytically treating the
fluid. 1.6. The process of claim15 wherein the fluid is flowed through the
system 17. The process of claim15 ei2%6 wherein the fluid is produced
froma printed circuit manufacturing process. 18. The process of any one
of claims 15 through 17 wherein fluid containing copper and a copper

conpl exi ng agent is added as the anolyte of the cell. - 12 19. The process
of any one of c]ains, 15 throu h 17 grein I OMS acidic
solution that contai @3%0%3%% Y°8ﬁ§fe%F%bhag§W%ﬂ¥ng %H?ﬂmﬁggggsabf claim

of any oneyftodd Ridi® sdibtidhth@ughtaitd awhppeicompleeingagaper corrpl exi ng agent is
a triazole. 21. The process of any one of clainms 15 through 20 wherein the
fluid is an aqueous acidic solution that contains a benzotriazole and a

peroxide. 22. The pr?ﬁ@ﬁ@c&é oPd 0 fon€ bBé1HRusS dtugHab wikréhetei n the

fluid is an aqueous sulfuric acid solution that contains a benzotriazole
and hydr ogespppecanpleeing 2&nt frevigrodbsess of any one of clains 15 through 22
wherein fluid added to the system has a copper concentration of at |east 5
grans per liter of fluid, and the systemelectrolytically renoves copper
fromthe fluid pher etnye pioeess 0ppBroneadoént i Atieghd wieeinreafled if bui d is

about 10000 parts g mllion or less. 24. A nethod f8r copper renoval,
conpri si ngaqueous acidic solution that contains a benzotriazole andapcrom e.

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 5 grams per liter of {luid, and the
system electrolytically removes copper from the fluid whereby the copper

concentration 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 ion-permeable n1embra11¢, 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 complexing agent is added

to the fluid prior to the electrolytic treatment.

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

flowed through the system.



a) providing a systemthat conprises 1) an electrolytic cell that conprises
an anode and a cat hode separated by a copper ion-perneabl e nenbrane, and
2) fluid that contains copper; and b) electrolytically treating the fluid.
25. The nethod of claim24 wherein the fluid that is electrolytically
treated conprises a copper conplexing ggent. 26. The nmethod of claim25
wherein the copper conplexing agent is added to the fluid prior to the

el ectrolytic treatnment. 27. The nethod of any one of clainms 24 through 26
wherein the fluid is flowed through the system - 13 28. The nethod of any
one of clainms 24 through 27 wherein the fluid is produced froma printed
circuit manuf act W8 ng Preovebsd oD@y ofihef creintsol ibfough 7 ovheredt thelfmiids 24

t hrough 28 i e fluidis. d.as the anolyte of the cell. 30. The
met hod of a%g%lﬁcgggtfogb?é%l}#ggfﬁ‘f'ﬁr%%nglg%%gvm%?céf'n the fluid is an aqueous
acidic solution that contains a copper conplexing agent. 31. The nethod of

any one of clains. 14 throu 29 wherein the copper conplexing agent is a
tr%/ azol e. 29. 'Hle mgtﬁod of any one or claims 24 1Pough 28 wrlzgrein lhegﬂuiéJ 18

added as the anolyte of the cell.

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.



