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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 RNt MIRkEio Yroved BRAICERES atll ddpadns IHGRALLAL ed
sul furic acid or "hot al kal i ne permanganat e sol uti on-
~ and recovery of copper, particularly from solutions such as spent etchant-type

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.



Thereafter, the through-holes are further processed and plated. to provide
a conductive interconnecting surface. .1 7 February 200 Fe@vgwﬁMQ6r to

| ami nation and through hole formation, the discrete copper circuit |ines
.are typically treated with an adhesi on pronoter to inprove bond strength
bet ween each circuit layer and adjacent interleaving dielectric resin

- layers. One nethod used by the art tg_inprove bond strength involves

oxi dative treatnment of the - copper cirtcuit lines to forma copper oxide

" surface coating on the circuit [ines. The oxide coating is usually a black

or. brown oxi depligygrk alorWATEBSENRIL -Aab e IRABREL coliecOKiifle possesses

.significantly nore texture or rtoughness than"an untre copper surface.
Cheni cal linesarersmiosllyifieaitd With auedhcaigh ereemtterdo ivuprose bondsiatnigthgs on et al

surf aces, Lde - are. very: . nly used as to pronote
adhesi on %%u%%%%h@%ngﬁé?l a: g%?%&f %fnaﬁg%“@@ec%gmi@@ﬁcﬁﬁe met al
phosphat emetimtiusgbbuthe drt asimpraveboiddhesitiomvplvesotiedsee tdahent 0B ened and
conver si on coat.ed _laurfages enhance . adhesion and wettability to the

adj acent FIRPOT STHGMERIPPT™ ¢ CAPRFE PHIJR SWHACE FRatingon thipsiraiidines.o theic| ude

mechani cabxit E6dindGKhangllPLbWelebr Erﬁﬁn%ﬁf_d@lagg#ﬂélﬁt:aﬁlﬁc%é‘%ﬁ AL c%@é&j. ¢ resin

‘layer- Metal surfaces that have been mcr ut not conversion coated
do not géhepsile possessecsgnificantly groratedonr weoeghnsssrtharce umiregled esppand

t exture, - C Al . L.rgreater reflection of visible
light. O ﬁgﬁ?&%&%%&&ﬁg&ﬁ&%@hg@c&a F ﬁﬁ%vr?ﬁstl%n Qg 5@ ween copper
sur f aces smthces, shehcasrbleck peileme pety @ombmniyulstd baty@rohamiadbésiciof ncl ude t he
use of etches. inclusjve ‘gf éfTHglr e CPI- or hﬂe et (ih nts, mechanical treatnents
desi gned VSN SUIEES Gl Sihbaxametes llpdn gl Dhpshie Goanes ek tgned t o
pr OdUCQ I pAIERINE oS ProhRERS Such roughened and conversion coated surfaces enhance

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.



H ghly useful conpositions for treatnment of copper and its alloys to form
an etched surface suitable for lamnation of circuit |AfEEBURH 2494 i | ayer
Circuit fabrication have been disclosed in U S. patent application serial
nunmber 09/198880, filed Novenber 24, 1998, and correspondi ng Sout h Korean
pat ent application no. 98- 54330, and Japanese Application 37764/1998,

~ Publication Nunber 10-377764/1998, all assigned to the Shipley Conpany.

The di scl osed conpositions are aci di‘c?’aqueous solutions and contain inter
aliaatriazole, preferably benzotriazole together with a peroxide,

preferably hyd n.per.oxi de, 17 Fehr.uar 004--3 Wil e _such etchant
solutions are % sx'}&éfftf ‘ Tajons ﬁ@%éﬂﬁ%@%ﬂ"%e 8‘?@8‘3’3‘/‘}‘%‘}%?50&’ Kast e.
sol ution hRakteGaniiah ASt 6HMMRY copfeIC [Byslh Sitht @tiehandlusalsUhd0ns My be

undesirable, froma waste treatnent/cost perspective. For exanple, copper
wast e: sol YRisHEbIR AP DRTE Wrdppicasiorpytors For vampmeppra sfaser generate
| 'arge quagiiti 0f bednUEGEcedl It HE LG o ach,, Ut ons and/ or
their contaraas Tl o RGed df b7 ol RSP redct e MEChARUE War T
d early, pudge.ilpalithed gpproaeh, itheesprmtishintionodndfordlatinemtaingd dewpasal of such

sol utions cnaglgie@énr{g?gpcggﬁé%c\ﬁqg&a%?}i@.i very desirable. SUWARY OF THE

1 NVENTI ON“the "present “i nvent1 on des novel processes and apparatus for
renoval of copper froma solution or fluid, particularly spent etchant
sol utions that f;ieon]s{ai n ,gl(;r_)ﬁﬁre)er .pr odﬁlged: through printed 'circuit board
manuf act ure. TheS3vRIATYCBl A Cmagys mediqrsef fraiaey or dispesal etwsler v/ renoval  of

copper - fr i SHAAMSHAMEpELUIARd bhaly G888l a copper conpl exing agent,
e.g. a nitrogen- S
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 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 aqueoﬁs admixtures that
contain a benzotiiazole, or other triazole. Systems of ihe invention can be

“ characterized at least in 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 containing 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 solufi_onsﬁsing a separated cell

systern, enabling convenient treatment of cdppcr etchant solutious.



cont ai nirng conpound i ncludi ng cyclic conpounds such as an_azol e,
partlcula?Iy gp tetrazol e, t?laﬁole or Fﬁladlazole 2?5@?“3@éﬁp4that can
conpl ex with copper such as non-cyclic conmpounds, part|cularly am nes,
preferably secondary or tertiary am nes which may optionally have acidic
noi eties such as EDTA. The conpl exi ng agent al'so nmay be aromatic such as
benzotri azol e or benzot hi adi azol e. The invention is particularly useful

for recovery/renmoval of copper from‘gueous admi xtures that contain a

" benzotdazol e, or other triazole_ Systens of the invention can be
characterized at least in part by use of a separated (e.g. interposed
.ion-perneable menbr ane) electrolytic copper renoval from such aqueous

admi xtures. | ;R8s CF@ r%%H& b Ly 8, & QU Lo %rg%{t oBRD olhilys be

ef fectively renmove 1 Uti ons contalnlng a pper coaneX|ng agent
such as hﬂéwpp@rrrmazml @mb;nsmngsful raeta esdl of th;htoa@upne@ ppiht abpen baimg si npl e

pl ati ng ver 1 hat can.be r ed nost
effecti v%rlesen Irnocr%m xf"?g?gr ‘g} oﬁg n& | )r{}jélg agcs%ﬁlé %sebgn%:oéﬁl‘cilzc’lc Vgﬁg‘ﬁ] enabl i ng
conveni eplafisadiad being caffereqingiemy ¢inateant catbdd joansimple pldebauary 2004 -4

- Wthout bein und b \{vmtheory,. It is currently thought that other
‘met hods P@Fe‘g‘ffs %ﬁ%@% S5 unsuccessful as a result of the conbination

of the copper be| ng present in conplexed formw th a conpl exi ng agent such
as benzotriazole and the polarisatioen being conferred on any i nmersed
~cat hode (on al@amu@rﬁbaﬂmmctchppbmdmbgrd bglsulﬁleicca@idmmmercgdtkgent I n

particul ar mcroe ch ti ons cEase sul f c_acid and peroxide
are forni etl-d t%dr fog B |lc(afa | oniﬁ\%l T HE D bﬁf‘réidn%?rllf@l?f Pr%&%r d i nner 1 ayer
process mﬂﬁﬁh&tﬂﬂﬁngg’tg vithagiasvely ldige a?h@.twtsyﬁl cyulaiiedcompruaits of contai ned
; corrpl ex ar}l
emistry, e.g. a:benzotrazole or other triazole. After use on a process line, such
microelches 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 vanc’ty of other solutions and other composmons contammg copper
_may be treated in accordance with thc mvcnuon For instance, an aqueous admixture
that contains copper, ‘butnot a copper cornplexmg agent, niay havea
temoval/puriﬁeaﬁon 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 accordancc with the invention. Relamely small amounts of a
complexing agent can be addc,d 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



chem stry, e.g. a:benzotriazole or other triazole. After use on process
line, such microetches generally becone exhausted when'# ﬁ%bfé@m?é)pﬁed
copper | evels approach about 20 to 25 grans per litre. At that stage, the
solution would be discarded and require treatnent. via disposal to satisfy
| ocal environnmental conpliance as is in effect - in the United Ki ngdom and
el sewhere. By the processes and apparatus of the present invention, copper
can be renoved from such spent mcragtch solutions, and the treated
"solutions either re-used in a copper mcroetching solution, or the

sol ution di sposed of w thout the concern of copper content. A wide variety
.of ot her bhtitni ﬁ)‘t&ierﬁﬁlﬂalof memowpmhddmmmmyamplagemﬂ@pﬁg vaffays be treated

in accor dance he-i nventi on. 11For 1St ance, ueoatqs adm xture that
contai ns t(‘f'b‘ﬁ ﬁ k8PP 5‘8’6‘5‘(&‘? Q?m@n%%ﬁ‘ésn? gxBE geent

r emoval / padded keadh ih 1 ket via a&@ﬁ&aﬂad aél sealp! a@é@rﬂ&c@%ﬂhh@ uch as
benzotriazol e or. EDTA added to e copper. adm xture and that adm xture

copper t rigseipoyang the tisdphiontnlelther pin b isstadriar gopnse gedenice with t he

invention. Relatively small ampunts of -a conptexing agent can be added to
a copper .containing solution in order to effectively renove [he copper in
‘accor dance wi t Gopeerdmmrehdystems oéﬂr.@mwlremnentdmmdcaﬁ)ctcctrdxﬂalmmnitp&nﬁcent of the

conpl exi eI ative to the c int dm xture. er anounts
o he cofe leher o shwet et g RBEr B SoRERE B Casait dor

conpl exi NghoR@e b caiiblpe. TR dortifstdice IPRRMmCRARIAIsPIulEn adtXhdHhe (€. 9. aqueous
copper 17 February 2004 -5 solution) for renpval of the cogﬁ)er can be

~det er m nedobyte.4 ‘f‘PﬁF yariehy Pf Ryapadible EIWPFYWH)’[I@SIESG%%PGQ’CW % l§&- copper
adm Xt Ur e, gy So1tlid s s RAD FRoRbolid Seif HRhES sBPHALE BLid and the like.

Preferably the solution to be treated (e.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



added thereto can be treated via a separated cell systemin accordance with
the invention, and the treated sanple then cr n be test¥d e5varys8per

. content. “Copper renpval systens of the invention include an el ectrodial ysis
unit, and the solution for copper recovery (e.g.- a spent nicroetch
solution) may be used as the anolyte or catholyte. Thus, for instance, if
the mcroetch solution is used as the -anolyte; a wde variety of
conpatible -électrolytes may be used®s the catholyte, e.g. acidic
~solutions of sulfuric acid: fluoroborlc acid, nethane sul phonic acid and

the like. Preferably the solution to be treated ée.g; the mcro etch

.sol ut i onpIpeoUyedaminiureriaa seppgieghelectgptic sell s digrased Brgi: dhuehat does not
contain - QAR oAU Wi liing ] £ ol OPDET

conpl exi %gﬂ'ggée’%% (%mg a dilute H, Sogfl-sol ?J_%,i on) | sﬁjtz}%rec&_ s1 t gpe~ cat hol yte.
For -exanaient cande eddsidde phgusensisaleien that gentaighecripar, dup pelntiompasbel t r eat ed vi a

a separated cell s 2110, 1, C( ] i the Lnvention,to thereby renove
copper o HruEs grro Rt SRR AT RESrtheeu B R e R R o

i-nvent i orohsiog@nslyald fyr coppaaumsed. The thepleang epdnt 0ill 6PRRARY co@pRyal / recovery
from aqueous so| utions v&r-oduced t.hr ou%gr printed circuit board manufacture,
the i nveRE PEYI¥Ise gty WitheoRBH i AR  erpval / recovery of -copper from
sol utions and m xtures produced in other manufacturing processes. It

shoul d be T ur t ReordRBIEE & Rck/Rind RERHEACERIASHEIs bAVEARGLkRECOVerY of

copper from solution§-are | usi ve ‘of renovi ngl y be

present afor rgneynd pEFeRpST. oFheptystem gomnrises an eleefelytiayell, theslestiplyic celbi uti ons -

treated feymprdisg an ARHD Qﬂdi!aéﬁiﬁs&e&/@b&aieﬂ'@%Pﬁ&ﬂ@ﬁp%ﬁé&bfé?ﬁeﬂlﬁﬂﬁ&t ion will
be ‘aqueous sol utions, - but those solutions also may conprise an-organic

_ solvent conponent, . particularly where the organic solvent is mscible with
wat er . In another aspect of the present invention, 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.



The term "conpl exi ng agent"or "copper conplexing agent" as used herein
refers to any conpound that when present with can effect? relweaui2084 copper
froman 17 February 2004 aqueous adm xture via a separated el ectroyltic
cell as disclosed herein. Thus, ' conpl exing agents can be identified by

sinple testing, i.e. a c.'andidate conpl exing -agent can be added to an
-aqueous solution that contains copper, that solution passed -through a
separated electrolytic .cell. i'n aggordance with the invention, and the

"treated solution analyzed for copper renoval. The conpl exi ng agent will

typi cal | y Sprpiied DRSCRIPEON & Tk SGsieibih copper in the adm xture.
.Accordingly, in an aspect of the present. Tnvention, there is provided a

system for redgddtcbibovehesysthisandst@smes afthe isestianrabectmolaltiorc cel |,

copper 1 oSoREr oat fupber ERPRYE Withs] By BRERT SR ifvesfon pabks egenrLhent | on,
there is pomw dgdsaofumodassliercell MaARlodOindCRBR&T seh £l By ThXidr €

-cont'ai ni ng a copper conpl exi ng agent. "The process conprisSes providing a
system cogﬁ??efg%g‘“%&é{l%@tﬂfﬁ ¢ p&epied polution thetonprppleslyor atleeste  and a

~ cat hode sepafrRtIRAIRYidbICORRE Fe. b O pa bl ; di.ng.to the system
U 4 e b A o A 80 o B 200
el ect r ol y#Petpt 10G pastsprimilliohef doppem)l. Thacopptr ramovdleystaapettheof t he
"present. ;]j i r.e iys, provided a nmethod for _ copper .renoval. The
met hod co?#p‘;rg%{]gé%h%?g% ?ﬂgagatscé's%erﬁr%? g Qarr?séllfgﬁ’f‘ﬁgf‘%lﬁifs@é’rl - and
- .fluid thaSysent af the inepger a‘S@ﬁﬂyebﬂ@inrcﬂlhﬁ‘tabp‘a@érhélsubﬁﬁ%iﬁﬂ&ﬁog%fjcfpl uid. The
y

el ectrolytjc cell conprises ap anode and a_cat hode separate a copper .
i'on- per @Wg’@h’éﬁﬁgﬁﬂéf’r@%é chelysistand et liehe i nvention are disclosed.

_ infra.:

. 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. ‘



BRI EF DESCRI PTI ON OF THE DRAWNGS FIG | shows schematically a preferred
copper renoval systemof the invention. 17 February 2004FeEFay2004
DESCRI PTI ON OF THE | NVENTI ON As st ated above, the systems 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 with cathode and aques -separated by an ion- per neabl e
menbrane to provide a treated solution-that i's conpletely or at |east

"~ essentially devoid of copper (e-g- a treated sol ution having | ess than

about 10000, S o] The copper renoval
.systens of the 3’5&3\‘/‘%@"%}1‘8 abéi &ge |n alga agﬁf”vg%&ﬁé%?r%@?ﬁ ‘manner, or
as a flovioh béﬁb@bl@ﬁﬁﬁﬁ@el?&&ﬂm lafmiyhe fofivarftdm anpbBovaryy 60Nt ai n ot her
appar at us suchas a-filtration st i ther before dgrl ng, or after

el ect r ol y¥jtable mpterialie o12; Ramless: gﬂb‘éﬁ?%‘n%wcﬁ’&ﬁfém{ﬁm AECORPSHf t he Dr awi ngs,

whi ch depiighisg, R18E 86 HRY be &REl FOhYiryCofaQRRAY ofﬁime‘ﬁ@ls SesdrguTy 40 of -the
invention. In uUse, a solution fromwhich copper is to be renpved is

intr oducemeti?lﬂltcémﬁbs%’éll ag g itagisgs@pshignodei fxénq:o;ﬂoaﬂﬁyre@@redo@qdc leited ' of a
variety q{alﬁ@&c% slt&[t %ﬂﬁ?m@&l Qmﬁé gtﬂatcd)t%%}ﬂn%ésh %H&d%r %uﬂﬁ. gfcf&red

"pol ypropylene, or o nateria be essent Inert to the
anol yte anﬂmdcaﬂh@dlyi@stmolesstst@hsheewaﬂﬁﬁibr uary 2004 System 10 cont ai ns
cat hode 14 and anode 16 that are separated by a copper ion perneable
menbr ane 18- Cathode 14 may be fornmed fromany of a variety of suitable

~materials, e. dcatBbdd I £3%nsdetR ar® pre®rlNY pBB el s BIRpicRd AP, pS copper.
so that the anode and cathode are subStantiélly or fully imumersed in the anolyte and

catholvie

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.



Simlarly, anode 1.6 may be formed fromany of a variety of material s,
preferably a netallic mesh, such as a titanium nmesh anbdesbrsaryZ8eff i cal | y
preferred anode 16 is a hal i de resistant preci ous netal  oxide coated .
titanium mesh anode, and a preferred cathode 14 is a 316 stainl ess steel
sheet cathode. Cathode 14 and anode 16 are preferably positioned such as
depicted in FIG 1 so that the anode and cat hode are substantially or
fully imersed in the anolyte and caholvtr, The interposed perneable

" menbrane 18 also may be fornmed froma varlety of materials that wll
permt flow of copper cations therethrough. A preferred nenbrane nmateri al
.is a cation exmhaagésysmﬂbr(anepmncmioasthfrﬂtbmﬂwiﬁtlérirh dlesinplyteaiecamh e from

DuPont) - t hat co rise re rc ul home or_ sul ni_ c i.te films.
Mul ti pl e ZREABIR g aqgss, 1%%"’}‘?5@“‘?}2 fi aBy 1%‘1“8%@86 'E\%E‘g‘gqgﬁ%oanode and
cat hode. @yich@blye: @eRd dqhens s&l@ﬁo;ﬁlaﬁ@ bds;sﬁcyﬂhbﬁ phegdpar heemtade i41. accor dance

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 fp &?eraﬁwm 1Q, Q:no\ﬂQllB%ndHLQﬁxﬁranQFi@faﬁrf?cQHXnt%l%%’cEm“lOtlﬁ 6 volts

at a current density of trom about 1 to 3 anps per square” dm _Preferably
‘anode andremmvlabldéasiamnt agevian dyphandle anpplosvitdn wesyel 121 Speh wmoapbigt t he  sane

surface arqeél% E’ Hrefliﬂabl%/ tdhe .a odec agﬂlccasttpode are sited between about
1 and 5 eqrRedpsaEill f @%W“B%[{m@ dbodt- 2 and' 3 ens apart. The
vessel 14 also may contain a circulation punp (not shown). As d| scussed

above, the fluid containing c'gé)per for renoval can 3 g;[abl y .S ~as the
anol yte_ A di | 46 8isgesediovadiud condainne conpe sl edropied gheniaa r°r

-el.‘ ect rol yhgw-thRhugh Gp5tBAch. T A6IARMYE Spprdath LAY IéA by be returned
- or recycled for further etching use. In the flow-through approach, 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:hs 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



In use of system 10, copper cations within the fluid 10 in the anol yte
section are transported across the divided cell's one ot? hehreaiy@0fer neabl e
menbrane 18 into the catholyte (acidic agueous solution) and copper then
plated onto the cathode 14. Preferably cathode 14, anode 16 and nenbrane 18
are fitted into system 10 in renovable fashion, e.g. via a top handl e and
slots within vessel 12. Such renovabl e conponents will facilitate use and

" mai ntenance of the system As di scussed above: fluid cont ai ni ng copper can .

- be treated either in a batch or flowthrough approach In a flowt.hrough

approach, treated. so tion et urned . recygl §¢ d f -t her etching
‘use. In tHETHL BRCEES ‘&ﬁ%%gﬁp"%"%%? v %le@‘feedﬂhn | woul d
i ncl ude St1h@dHsGn BIREAYs @tthed wWakteaper t ures for delivery and recovery of the

spent and treated fluids respectively. The dinensions of systens 10 and
conmponents thereof of the invention can vary widely and generally will be

. adapted for CO lﬁ{Pe%PéncHﬁ)eFI@Iaorwﬂaﬂic%ﬁ:@'pﬁ:&wréd Herhdof tARIMEAGSIT | NY

| ocation, or ocat 1 on where ‘copper is to bé renoved froma targeted
sol uti on. h@wae3mmauatsstecyslteemalﬂmlea4wewede IJ_GOOﬁb@mumamfs&a@paﬂedh’gﬂamd t wo

feet in height or "spent". .etch circuit
‘manuf act uF%en%@%m%yr&gﬁp&fﬂﬂOpdc m %a%rg_? Pgtlgﬁ\!éag ént)mﬂonéa%gbout 5 grans
per |iter ¢pdhafi@Pieibrate, moHRte/206k an h@@sts alifarit adlﬂ,solﬁﬂomcorﬁﬁngiganrs per liter
of copper. The |evels of cop i (éh sol ut cﬂ}ten var th;tﬂ
nmanuf act uiqaﬁ@bé’éﬂor%?méiﬁrlfl d’f&lﬂli’l?‘ﬁ}y E?&f“’apiif’ T °he
.renoved fg %ﬂbm it b9l P ght! @rc@ﬁt%ﬁ%@@ﬂﬁﬂicté&ﬂsfibﬁltioﬂV%érNhﬁoﬂ provi de

rng

sol utions ess than about 10000 parts per mllion of copper, nore
typi cal | yrﬂeaﬁxaﬂdmatteraajmntaﬂabj@ﬁomlbwl’w alpo My be suigable ard maHee ﬁliecé?fbper As a

consequenge, sol uti,gns, L1 SFRI.JAGEPIARNGS dpbliflc LGl MUARS beRegan De

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
'analyte solution and the cathode within the catholyte solution, copper is transported
across the permeable membrane and depasited 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.



di sposed wi thout generating solid wastes. This can provide a substanti al
benefit over 17 February 2004 current practices whi ch chhFeuanyi208fsposi ng
of metal -containing sludge of the spent solutions in landfills or other
waste sites. Wth reference to FIG 1, one particularly preferred system of
the invention has a 316 stainless steel sheet -cathode 14; an anode 16 of
titanium mesh coated with a chemicalig-inert precious netal oxide;
menbrane 18 is Nation (DuPont) 350 cation exchange nmenbrane; anolyte 20 is
~an aqueous sulfuric acid solution containing at |east about 10 grans per
li-ter of cupRRLsclaitydriogen peroxi de and benzotriazole; and the catholyte 22
-i's a2 weight percent aqueous sulfuric acid solution. O her Nation

menbrane materials available from DuPont also may be suitable and may be
sel ected for -H@rt'w%}-afe Bt BGld MBI SeoBberlthfn § aRLAX EAEpAGREE Of a specific
sol utii on being treated- The anol yte nay be a G rcubond Treatnment 180

Sol uti on (cBwiplyeip celdhehesmpriscpeaody and i pathodersaparaioh biiasorpopper as a
result of m t chi opper clad printed circuit board substrates. The
anol yte 2-6’@?@&%‘3 ?S%Plgﬂ&t 0. continuous particulate filtration. An applied
current density of about 100 anps.per square nmeter would be preferred.
‘Upon passage of,) an electric currIent bet ween th{le inert anode wi.thin the

anol yte sol utidn and ErEPReATIRRYE! WsteRt of Hail LERHOM AR EBONBRINg opper i s
transport d @fcahe%.%og;h@09%1%%&&%&@99@3&@@&?@&% dihal lic form
on the cat hgge surface. ygen fay be substantially sinultaneously

| i ber at ed &tl- t he anode surface which will serve to oxidize organic

noi eties contained within the anolyte solution. Al docunments nentioned
herein are incorporated herein by reference. The foregoing description of
~the invention ix nmerBeygoppdr wshoat syseni btuldnf 1 whardin 4 solitbonundedshgod t hat

variati ons, and gd {1,cat) o, £3,08 E1Lo ShLiigYt cdgRay! 1 no from

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. _



the spirit or scope of the invention as set forth in the follow ng clains_
17 February 2004 What is clainmed is: 1. A systemfor reﬁbﬁﬂﬂuﬁw2@gﬁper from
a mxture, conprising an electrolytic cell that conprises an anode and a
cat hode separated by a copper ion- pernmeabl e nenbrane. 2. The copper

renoval systemof claiml wherein a solution containing copper and a
copper .conpl exi 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.

4.. The copper {(ﬁmYﬂe@@Et@%Q‘;&lg Kot ¢ m%ﬁﬁ&?&rh?ggolhngu é%édmngn I's

.produced froma printed 'Circult nuf acturi ng process. e copper
rempoval = syaptpems giesanfiasdlic wteolye ecawibngotihaicalt wherein the copper

conpl exi ng agent is a nitrogen-containing conpound. 6. The copper renpval
syst'em of _any of the preceding clains wherein the copper conplexing agent
is.an azol e_ 711.TheThogpet: removal alstavaf eny of thaprecafing bHeiny whedinrthe cl ai ns

wherein the copper .conplexing agent- js.'a tetrazole or a txiazole_ 8. The
copper r effB{te A yalugap Srangaye Faaﬁ'ésﬂ]r“é'e%di ng clai ns wherein the ~copper
conpl exi ng agent is a benzotriazole. 9. The -copper renoval system of any
‘one of clainms 1 through 5 wherein the. copper conplexing conpound is a
non-cycl i ¢ compdundThe goppetremarsl spgomn of any one of claims 1 through 8 wherein

the mixture is aniaqueous acidic solution that contains a benzotriazole and a peroxide.

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 ticating 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.



11 10. The copper renoval systemof claim|l wherein a solution containing
copper is present as the catholyte or anolyte of the celd February 204 copper
renpval system of any of the preceding clains wherein the mxture or
.solution is an aqueous acidic solution. . 12. The copper renoval system of
any.one of clainms 1 through 8 wherein the mxture is an aqueous acidic
. solution that contains a benzotriazole and a peroxide. 13. The copper
renoval -system of any one of clains-ligthrough 8 the M xture is an aqueous
~sulfuric acid solution that contains a-benzotriazole and hydrogen
peroxi de. 14. The copper renoval system of any of the preceding clains
-further conprising a filtrati'on apparatus. 15. A process for renoval of

o ovi ding A oy S-em FRAboLHBE FaGea! CBRBE LT I N HRTRR I ses an

anode ,a“%&oﬁ@éc@&l@%ol%ﬁ@ﬁﬂhﬁ@&@ltamé_aaco%&p:%mpiéiﬂrglﬁh%éﬁf?am e nenbrane; adding
to the systema fluid that. contains copper and a copper conplexing agent;

and el ectrolytically treating the fluid. 16-. The process of claim 15
wherein the flyid i ‘ < of claim
15 or 16 wher e?é#i thzh% 1lj %?%gic’}s-H%%%%nm%?#gﬁﬂ&%ﬁdtugghgi%ﬁeﬁfﬁﬁ

‘manuf act utéppgr peroglesiag eddir iskEhwapriecess of any one of clains 15 t hrough 17
wherein fluid : ' .

21.  The process of any one of claims 15 twough 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.



et

cont ai ni ng copper -and a copper conplexing agent is added as the anol yte of
the cell 1 7 February 2004 - 12 19. The process of anyoheF@frugnyz088 15

t hrough 17 wherein the fluid is an aqueous acidic solution that contains a
.copper conpl exi ng agent 20. The process of claimof any one of clains 15

t hrough. 19 wherein the copper conplexing agent is a triazole. 21. The
~process of -any one of clains 15 through_20 wherein the fluid is an aqueous
acidic solution that contains a benzofﬂ?dzole,and a peroxide. 22. The

" process of any one of clains 15 through 20 wherein the fluid is an aqueous
sul furic acid solution that contains a benzotriazol e and hydrogen peroxide.
.23. The process of any one of clains 15 through 22 wherein fluid added to
the system has a2&oppEie medoe of 431dneBf fhindi24 (RA%SEh 57 VLA REHuld i%er of
fluid, and the stemelegtrol.ytically. renoves copper fromthe tluid
wher-eby thé”B%ﬁﬁg °“b6ﬁ€%ﬁ§FHFF%%E%E“FﬁE@H¥@§$%d fluid i s about 10000 parts
per mllion or less. 24. A nethod for coppéer renoval, conprising: a)
providing a systemthat conprises 1) an electrolytic cell that conprises an
anode and a cat e sHiparethediofapyane opgeimsiMrhpeghabheeiphbrlants and 2)
fluid that h 0 ner.; d b) electrolytically treating the fluid.
25, The:nefﬁg%m%%méﬁg@%?fﬁﬁh %&éin the.fluid that is electrolytically
treated conprises a copper conplexing agent. 25. The nethod of claim25
wherein.the copggi cgﬁppleﬁiyg agent is added to the fluid prior to the

el ectrol ytic tr me ntie method 6f 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.



27. The nethod of any one of clainms 24 through 26 wherein the fluid is
fl owed through the system 17 February 2004 -13 2$_ ThelhEebsayai004ny one
of clainms 24 through 27 wherein the fluid is produced froma-printed
circuit manufacturing process. 29. The nethod of any one or clainms 24
t hrough. 28 wherein the fluid is added as the anolyte of the cei |_ 30. The
met hod of any one of clainms 14 through 29 wherein the fluid is an aqueous
- acidic solution that contains a copper compl exing agent. 31. The nethod of
“any one of clainms 14 through 29 wherein the copper conplexing agent is a
triazole. ABSTRACT The invention pr‘oWdes novel processes and apparat us
-for renoval of copper froma solution or fluid, particularly spent etchant
sol utions that contain copper produced through printed circuit board
manuf act ur eABPEEAGIvention is particularly useful for recovery/renoval of
EIODGD'GIV from aqueWHéirﬂrgﬁﬁdﬁtptbﬁﬁe§ k] $0bds8¢shnd apPRRGE forGeMBY&XdMapaaent ,

. from a solution or fluid, particularly spent étchant 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,

FIG. 1



