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‘Method for Treating Etchant This invenfion relates to a nethod fgﬁo#ﬁggfpng
an etchant, nore specificdlly a nethod,for treating an etchant inclfasifhg
copper (1) chloride or ferric chloridé‘containing.copper, in which cagel¥.
.chlorine gas generated therein is 5 used tp-tregt—other—ot-chantsd )
regeneration. It is generally known that. 3 nEEEPFv,’béﬁﬁgﬂﬁ of & ﬁ“ﬁ

integrated cirgcuit in a substrate.ds, nanuf FEtpting : paged., é tsxmpe&;zg

areas.other t M&é&fﬂa&b@h&w Strdmes) i ngphg'eldeg .t ® fagedust.. i t h
the aid of a solution of copper (I1) ch¥or|ldjPrawidg) :pegedi.clchlpagede.L] is
desirabl e to regenerate the waste of etchgfl Abstdact hus pagedr.euse paged .QJ...0f her

etching processes fromthe view poiht 15 ¢bAaamiol REGHET €NVi I QANENt A

pol I uti on and -gcQnQmi G _requi : re 1ine mant T O
copper (1) chI@r'%dgmgggéSgng?ﬂgpgg %?({)\,Info"\% ttnl{g:}’detﬁéoﬁi ﬁgeﬁﬁggsg fteéermo’r t he
"waste is generated fromthe etching process in which 20 the solution of
ferric chlori dfies swséd.flcsé\béralmwamdadfmvter docdar Spra@p8d el apbr
regenerating the etchant waste, 2 where copper is withdrawn fromthe

waste and thengch@ding copper (I) chloride or ferric chloride containing

fam)

'copper,'in which case, chlorine gas fenerated therein is

S used to treat other etchants for the regeneration.

It is generally known that a conducljve pattern of e.g., an

integrated circuil in a substrate is manufactured by

solving copper in areas_other than those corresponding to
10 conducting lines to be used with the aid of a solution of

copper (II) chloride and/or ferric chloride.

It is desirable to régenerate the waste of etchant and thus

to reuse it for other etching proceSSes from the view point
15 of avoiding the environmental pollution and economic

requiréﬁents, where the etéhant waste cont;ins copper (I)

chloride produced in the following etching proceés:

CuCly + Cu — 2CuCl, .

or the waste is generated from the etching Process in which

20 the solution of ferric chloride is used. Several method

‘have been Pproposed for regenerating the etchant waste,
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etchant is regenerated. Sone of the nethods have al ready been applied to
the practical use. 5 1In one of the nost typical nethods for regenerating
the waste of etchant containing coppef (1) chloride, CuCl in the waste is
regenerated into copper (I1) chloride [#rr] with the aid of hydrochloric
acid and hydrogen peroxide. 10 In this nethod, however, all contents of

copper dissol vggdef§ opy  fier COPREIt ft dw 0Tt role t UDRE§ AL €4 4 Nt dihg 1t chi ng
soluti.on are stored as copper (Il1) chloride [err], thereby rapidly giving

rise to an excess concentration(ﬁ%gerr]. 15 Ac&ordingl¥, an excess,_anount
of etchant is BEERAPY Spht§ Ehe ket edl-di S98¢ar it ARk PhHIL koY Wi edddhi ng
and, therefore, there is a danger of pollution which eventually occurs in
the course of Heeposmpl pedcesstind prue tdxadsaset chant or its transportation.
20 In spite of the above-nentioned treatnent wi th hydrogen peroxide,. an

i nprovenent for etching has been proposed where the etchant waste is
electrolytically treated, so 3 that the etchant is regenerated by

changi ng copger (1) chloride Cud into copper (Il) chloride [err] with the
aid In one of the most typical methods for regenerating the

waste of etchant containing copper (I) chloride, CuCl in
the waste is regénerated into copper (II) chloride CuClgs

with the aid of hydrochloric acid and hydrogen peroxide.

10 In this method, hpﬁever, all contents of copper dissolved
from the copper foil of the substrate into the etching
solution are stored as copper (II) chloride CuCly, thereby
rapidli giving rise to anm excess concentration of CuCls,.

15 Accordingly, an excéss amount of etchant is usually
supplied to a disposal tank in a factory of etching and,
therefore, there is a danger of pollution which eventually
occurs in the.course of disposal process of the excess
etchant or its transportation.

20
In spite of the above—men}ionéd”treatment with hydrogen
peroxide, an imProvement for etching has been proposed

where the etchant waste is electrolytically treated, so
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of chlorine generated at the side of the anode in which the waste is

t‘ransported, and at the sane tinme copper can be 5 electrolytically

wi t hdrawn from deposited copper ions as netallic copper at the side of the

cathode in which the waste is simlarly transported. This nethod has been

- disclosed in the Japanese Patent Publigation Sho 56-17429, and has al ready
been applied t r i S; t hi e Lcali e proper

adj ust nment oftﬁfguﬁggpggé%yggn%%5|%Q{hf4}ﬁ%ﬁﬁéwcg%ﬁ§gzhge?§b€€ragfb

electrolytic bath is particularly reconmended. 15 In the nethod for

wi t hdrawi ng cepperida €hélbarte ofPhave dldctehdioytide Prbéesti becdrdiaig t o

t he Japanese Patent Publication Sho 56-17429, however, conplicated

operations argfruuipkedel @EnePNiePld i NGh e he del QUi dhRhABEIEOMPOPR Td P het e
respective flow rates of solution supplied to the 20 cathode and anode

cells, the balange i,n pressure ftc,'gecagﬁf t he Iiguid Ehase conposition
must be kept J@S4erdduledPEbppbtlcdhtbrtt dihtor 28 1ABE ERRREBECH) P& or the
conposite solution of both copper (1) and copper (I1) 4 chl orides, under

the conditi dne ltekdtroti feieaEhpnki tedtawn sfrom deposited copper ions as
metallic copper at the side of the cathode in which the
waste is similarly transported. This method has been
disclosed in the Japanese Patent Publication Sho 56-17429,
and has already been applied to practical uses.

10
In this patent publication, the proper adjustment of liquid
Phase composition in the cathode cell of an electrolytic
bath is particularly recommended.

15 In the method for withdrawing copper on the basis of the
electrolytic process according to the Japanese Patent
Publication Sho 56-17429, however, complicated operations
are required for controlling the liquid phase composition,
the respective flow rates of solution supplied to the

20 cathode and andde cells, the balance in pressure, etc,
because the liqﬁid Phase composition must be kept a? 3
reduced copper concentration of less than 65 g/1 for the

composite solution of both copper (I) and copper (II)
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separately supplied into the cathode and anode cells. Mreover, no explicit
description is given on the nethod for treating chlorine gas to be
generated; without the 5 treatnent, a danger of deteriorating the working
envi ronment increases due to the generated chlorine gas. Mreover, as for
the etchant waste resulting fromthe etching process with a solution of

ferric chloridehlar ildsgl eatdeal YhieCcph@CESEn ¢ St ipar tiilculearchy nwelyh skeoyws, in
whi ch the etchant waste is deconposited in an electrolytic bath having a

di aph b d h | ] h |1
be-obt ai ned 11 o uage Y anetddsac PER LR of Fond s TSR ac a1 Fhe came

time the ferric 15 chloride can be regenerated by oxidition at the side of
the anode. | n e ot tol aot eadilYicdtpdocessit idre ist dHiveg 9ol thieomedhodr the
di ssol ution of copper plates or copper foils in a 20 printed circuit board

contains trival gy {ifdn indNh 1Gir\faleegﬁsi [@Nbd Ofsne i 1Rk tGORPE pbONS and
nonoval ent copper ions which result fromferric chloride and copper foils.
In the course_ of electrolysis for h an etchant, 5 the reactions of

suyc ¢ .
el ectrol ytic 5eﬁ&&ﬁﬁqﬁ¥tocéu@aéﬁeﬁh&? deteriorating the working

environment increases due to the generated chlorine gas.

Moreover, as for the etchant waste resulting from the
etching process with a solution of ferric chloride, an

10 electrolytic process is particularly well known, in which
the etchant waste is decomposited in an electrolytic bath
having a diaphragm between the anode and cathode cells, so
that metallic copper can be oblafned from copper ions

. deposited onto the cathode, and at the same time the ferric
15 chloride can be regenerated by oxidition at the side of the

anode.

In such an electrolytic process, the etching solution after
the dissolution of copper plates or copper foils in a

20 printed circuit board contains trivalent iron ions,
divalent iron ions, divalent copper ioﬁs and”monovalent
copper ions which result from ferric chloride and copper

foils. In the course of electrolysis for such an etchant,
| Such am eic _
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cathede of the electrolytic bath in the follow ng sequence: [err] and then,
5 [err] In other words, ferric chl or|delSh€etlﬂasrBsénHe glgbeged to

ferrous chloride in the solution, and then copper (I reduced-
to copper (lI) chloride, thereafter a copper netal 10 | f
therefore, the electrolysis is continugusly performed Wt

circul ated apparatus for withdrawing, and at the sane tine |f a part of
copper netal dépogietaed ionsoof hel eat hobiet ié nr ghrdtiionl arc cpowdér the netal lic

copper fallen out of the surface of the cathode 15 into the solution

t th t .
ct chant 1 eact & A0u PuEhel &FF £ ERTRLRE BT et ATBASE b EUPRACE: .

been deposited is again dlssolved njo the solution, ,thereby redu0|ng t he
ef ficiency of copper recovery. In gﬂd?tlone t he d|3§olut|on provi des a
consi derabl e anobunt of Cud in the 6 regenerated solution. These
eventual | y resud tihepg decreased efficiency of etching.

5 _ Cu20 + 2¢e — Cud + e — Cu.

In other words, ferric chloride is first reduced to ferrous
chloride in the solution, and then copper (II) chloride is
reduced to copper (I) chloride, thereafter a copper metal

10 being deposited. - If, therefore, the electrolysis is
continubusly performed with a closely circulated apparatus
for withdrawing, and at the same time_if a part of copper
metal deposited onto the cathode, in particular powder of
metallic copperlfallen out of }he surface of the cathode

15 into the solution remains at the bottom, FeCls or CuCl:
which is newly supplied into the etchant reacts as follows:

FeCls + Cu — FeCly + CuCl

CuClg + Cu — 2CuCl

20 Accordingly, the copper which has once been deposited is
again dissolved into the solution, thereby reducing the
efficiency of copper recovery. In addition, the

dissolution provides a considerable amount of CuCl in the



Taki ng into account these facts, the Japanese Patent 5 Publication Sho
55- 18558 has di scl osed a nethod for continuously w thdraw ng copper by
el ectrolysis fromthe etchant waste including ferric chloride containing

copper and for regenerating the etchant of ferric chloride,

in which case

the electrolytic reduction process is djivided 10 into two steps: In the
first step, ferric chloride and copper ?II) chloride are reduced to ferrous
and copper chl arigdesratedspetuivehy, Bindkse iaventaadddondsgdépjnnetal lic
copper is deposited. 15 In the nethod for w thdraw ng copper on the basis

of the electrcﬂ@@%

36Q0%4iRg i Ry her aboMer

nti oned patent publication,

however, there are érambac ks due ?o t he colﬂflcated installation which
permts the reduction of the etchant to be perforned just before the

el ectrolytic 20 deposition of copper occurs in the first step, and al so due
to the difficulty in controlling the |liquid phase conposition. In addition,

al i ke the Japarfasdnfatiant Relbbusat t Peas Shoa Oifs,171429,] atpha eret Radehor treating
t he chlorine gas to be generated is not described. There there is a

danger of detery qriating N84 KLAPS UL LRI (14T L0 ek IFoheRpltant gas of

chl ori ne.

continuously withdrawing copper by elehtrolysis from the

etchant waste including ferric chloride containing copper

and for regenerating the etchant of ferric chloride, in

which case the electrolytic reduction process

is divided

10 into two steps: In the first step, ferric chloride and

copper (II) chloride are reduced to ferrous and copper

chlorides, respectively, and, in the second step, metallic

copper is deposited.

’

15 In the method for withdrawing copper on the basis of the

electrolysis according to the above—mentioned patent

publication, however, there are drawbacks due to the

complicated installation which permits the reduction of the

etchant to be performed just before the electrolytic

20 deposition of copper occurs in the first step,

and qlso due

to the difficulty in controlling the liquid phase

composition. In addition, alike the Japanese Patent

Publication Sho 56-17429, the method for treating the
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5 Incidentally, if one is restricted only on withdrawi ng netal lic copper
fromthe etchant waste, it is possible to use so cal | edhi&hentiaBearReplpced

which iron powder is put into the waste, thereby enablin
reduced on account of the difference in ionization tende t he
10 cenentation provides an excess content of iron in the solution treated
the reuse of the etchant is inpossible and the used etchant is abandoned.

As a result, tthilomistehddscdrndte feoeretetei avoe Haheee oifbegol | Thieor fomet he
envi ronnment, nor the requirenent for the econony. 15 Accordingly, the

obj ect of th'stﬂé?@“ﬁé‘¥1dé%g%q %ﬁf%%t@rﬁﬁ}QPgnEthérﬁ??ﬂﬂﬂ% %QVQHSHEQBt'n a

one stage of electrolytic process, in order to avoid various trou

whi ch are said,to be, .in case of closed sy em occured as 20 well as the
drawbacks in tHke atk}’ov[é’erre‘rﬁsugﬁé&trr@taﬁoaé FE PhE%rior art, thereby ensuring
an easy operation, a decreased cost in maintenance and installation, and a
safety and effective use of chlorine gas generated in the system 8

Anot her object of this invention is to regenerate an etching waste with a

hi gh effiCiqﬁcyh€$Hg%¥Jll%§ H onehqrarestrlcted only on withdrawing

metallic copper from the etchant waste, it is possible to
use so called cementation in which iron powder is put into
the waste, thereby enabling copper to be reduced on account
of the difference in ionization tendency. However, the

10 cementation provides an excess content of ireon in the
solution treated, the reuse 6[ the etchant is impossible
and the used etchant islabandoned. As a result, this
method cannét assure the avoidance of pollution in the
environment, nor the rQQuirement for the economy.

15
Accordingly, the object of this invenfion is to offer a
method for treating an etchant in a one stage of
electrolytic proces;, in order to avoid various troubles
which are said to be, in case of closed system, occured as

20 well as the drawbacks in the above-mentioned methods in the

~Prior art, thereby ensuring an easy operation, a decreaséd

cost in maintenance and installation, and a safety and

effective use of chlorine gas generated in the system.



copper having a purity of nore than 90 % fromthe waste by enpl oyi ng both
the electrolysis with a diaphragmcell and 5 the oxidation with chlorine
gas. Another object of this invention is to provide an ease and-reliable
adj ustnment in supplying the etchant waste into only the cathode cell of an
el ectrolytic bath, on the 10 contrary t8 the prior nethod in whi ch the

et chant waste |s(§ﬁpplr ?th cat hode d anoge cel | accordance

with this i nvedti%dHer g 1851 e8fsthrs htt%’? %éfﬁd’aeMéFeFH t he

et chant including copper (1) 15 chloride or ferrrc chl ori de cont ai ni ng
copper is treatedd by gt lwva seleewtit bl gt hcglprotkbsi anictyh aa diedphraghp sotbhaiw
et chant waste is regenerated by el ectrolytically depositing copper to the

cat hode surface, gy dingGaufiodepgehly Anchfte tHA S & ifen B el 95§ PEURY N

chl ori ne gas generate in the anode 2 . into another etchant used 1n

the etching process. The fundamental concept of this jnvention is that the
etchant waste i&kloddmdd by brbhasedt e hbe hrthSe Yol tdc tar dlrwr Jagm gefitpng
di aphragm cel |l and the oxidation with chlorine gas. Especially, all the

chl ori ne gas sgeytay atxeid aitfl obh@ i@RodR 6l he i pagised, so that the etchant can
be regenerated
Another object of this invention is to provide an ease and
reliable adjustment in supplying the etchant waste into
only the cathode cell of an electrolytic bath, on the
10 contrary to the prior method in which the etchantlwaste is

supplied to both cathode and anode cells.

In accordance with this invention, the objects are attained
by a method wherein the etchant including copper (I)

15 c¢hloride or ferric chloride containing copper is treated by
the electrolytic process with a diaphragm, so that etchant
waste is regenerated by electrolytically depositing copper
to the cathode surface in the cathode cell, and at the same
time, by introducing a chlorine gas generated in the anode

20 ¢ell into another etchant used in the etching process.

The fundamental concept of this invention is that the

etchant waste is treated by means of both the eleetrolysis
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witheut loss. 5 The nmethod of oxidation with chl omhjsRgeeds gbid egggg.regarded
merely as an unverified nethod of regeneration, as, j né n the -
[u Ment ors
om ng "the

Japanese Patent Laid Open Hei 2-254188. However, tj
succeeded in confirmng its 10 utilizahility as wel

problems on the environmental hygiene"gby enpl oying a closed electrolytic
bat h acconpaniygd g4t Iy i3 hahgar b9 hPWel he L8] @ 6T Glidthi ¢hbat hnbeg Ry,

devel oped for realizing the present nethod. 15 The process according to the
present inventjon is now described, in detail: It is advantageous that the
process for ré%ﬂh%%%&ﬂ]ﬂg @ﬁ ébéh&hh°&bﬁ%i%i% %ﬁn%faﬂﬁgsﬂ“s?gﬁ éPoaﬁich t he
et chant 20 including copper (I) chloride or ferric chloride is supplied to
the cathode cedd!l lofi samuseldgctswokfzer thore ek dwlr aod mo eneteglehiec atopper, a

second step at which the etchant after the renoval of copper is then

conducted to- ﬁ? thqo%Qode cell in order to oxidize nonoval ent copper
. .

i ons cont ai ned" | %yhivalent copper ions, together with the generation of

chl ori ne gai; and a third step at which the

The method of oxidation with chlorine gas has been regarded
merely as an unverified method of regeneration, as pointed
out in the Japanese Patent Laid Open Hei 2-254188. However,
the present inventors succeeded in confirming its

10 gtilizability as yell as in overcoming “the problems on the
environmental hygiene” by employing a closed electrolytic
bath accompanied with an absorbing tower, the electrolytic
bath being developed for realizing the present method.

1S The process according to the Present invention is now

described in detail:

It is advantageous that the process for regenerating the
etchant consists of a first step at whiéh the etchant

20 including copper (I) chloride or ferric chloride is
supplied to the céthode cell of an electrolyzer for
withdrawing metallic coPper, a second step at which the

etchant after the removal of copper is then conducted to



chlorine gas thus generated is supplied to another etchant 5 to oxidize it.
‘As anot her enbodinent, it is also advantageous that the process consists of
a first step at which the etchant is supplied to the cathode cell of an -

el ectrolyzer for 10 wthdrawing netallic copper, a second step at which the
etchant after the renoval of copper isl@urther supplied to another etchant

to forma mxtyge spbEE! oD | @réel*}! r@ oxqRidk Woheha | bt CiY Py d N RS

generated at the first step is supplied to the m xture solution to oxidize
it. 15 In order to realize tﬁg cl osed system_for wthdraw n L GOPREr in a
single stage (§08h2ane¢siBht hbky HlAnly 0Ph&dn 1084ri 104¢ Ee?a‘gbt, iﬁ“ﬁ s
necessary that the etchant including ferric chloride containing copper is
regul ated to 2@cherkeponad fteh vad mnd gasgn aindn aandicdppeep i oh wonckerithreat i ons
of less than 30 g/l and 20 g/l, respectively, in the cathode sol ution.

11 Th | ectrol ytic.di aph ' [N the - i ti ' t
possess the T ol BT hge pEoper THbat > ¢ iet e SRR 1Py B BEB & DPERERCD, oo
salts of copper or iron

5 to oxidize it.

As another embodiment, it is also advantageous that the
process consists of a first step at which the etchant 1is
supplied to the cathode cell of an electrolyzer for

10 withdrawing metallic copper, a second step at which the
etchant aff?r the ?emoval of copper is further supplied to
another etchant to form a mixture solution, and a third
step at which_the chlorine gas generated at the first step
is supplied to the mixture solution to oxidize it.

15
In order to realize the closed system for withdrawing
copper in a single stage (such a system has not yet been
realized so far), it is necessary that the etchant
including ferric chloride containing coPper is regulated to

20 pe kept at trivalent ironm ion and coPPer ion concentrations
of less than 30 g/1 and 20 g/1, respectively, in the

cathode solution.
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chlorine in the cathode cell towards the anode cell and the 5 isolation

bet ween the solutions in the anode and cathode so as to prevent m xture of
them even for a certain anmount of vibration in the surface of the solution
[err] as small electrical resistivity as possible, [err] agent-proof, in
particul ar agai nst chlorinating, and ]err] no polarity in the 10 di aphragm

Citself, i.e., Phecdrdcaldytneuidiaphaddnnseld PPh et ey & sbn tSUGR @ tdbaphsagm
| can be prepared from nodoacryl (trade name), vinyl acetate, polyester

1 vinylidene chloride. or the lik 1 he anode in the el egtrolytic bath is
' needed to poss’é%%&jeadftd)ncpt°iséﬁs(§f %80?81%?%“3h%r?)R/%‘rt\/’cﬁSt’ag i }hehe
generation of chlorine gas. Advantageously, it can be prepared from

pl ati num or a dénenisiteamodtidblt¢ afodempdenos ebt Hyo DIA)ppesuch dsoperr], As
a cathode, titan 20 can preferably be used. The utilization of the

I'ectrodes th i J 1:ed ' ' I I
Tnio the Sol Ut o il v R Coadi 1y SExFart af LLEI Foot I DR T §Rf VRE' ©

el ectrode. REPLACEMENT SHEET 12 In _accordance with the present _
i nvention, thel ¥tkhiaipn between the solutions in the anode and cathode so

as to Prevent mixture of them even for a certain amount of
vibration in the surface of the solution, @ as small
electrical resistivity as possible, @ agent-proof, in
Particular against chlorjnating, and @ no polarity in the

10 diaphragm itself, i.e., electrically neutral and no dipole
therein. Such a diaphragm can be prepared from modoacryl
(trade name), vinyl acetate, polyester, vinylidene

chloride, or the like.

15 The anode in the electrolytic bath is needed to possess a
function of decreasing the overvoltage in the generation of
chlorine gas. Advantageously, it can be prepared from
Platinum or a dimensional stable anode (denoted by DSA),
such as (Ru-Sn)02/Ti, (It-Pt)02/Ti. As a cathode, titan

20 can preferably be used. The utilizatioq of the electrodes
thus specified provides copper crystals which are
unresolvable into the solution and which easily exfoliates

from the surface of the electrode. e
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generated in the etching bath, i.e., the etching solution including copper
(1) chloride and unreacted copper (lI1) chloride or the etching solution
including trivalent iron 5 ions, divalent iron ions, divalent copper ions
and nonoval ent copper ions is initially transported to the cathode cell in
the el.ectrolyzer. And then, inside the &athode cell in which a circul ated

cat hode sol utiqp GeEB$dhRce@NdiPhtihd rj VAl ANt k@A ti@AS @he Eeeuged into
divalent 10 iron ions, after that excess dival ent copper ions and

nonoval ent copper ions are reduced and deposited on,the electrode,. thus
enabl i ng net al [§e@ec3p8dr ibothe of thipavia hé'§oPuﬁP8neF&gﬁpﬁgSTﬁ%tUﬁlhode

cell with a decreased 15 copper concentration is now apart fromthe
circul ating systneruddng thepecoldlictieth tiol ¢ e danade acekld, cappee €hlori ne
ions | ose their owm electrons so that chlorine gas generates. The chlorine

gas is supplied,t ahsorhin e & SQl utign . swhi ch .d ased
concentration %&lgf%@ﬁlgiiﬁgedgékgﬁﬁgh%)g@ﬁgghﬁ%ggﬂg#“@h?g#?%Zeggsﬁgﬁg at
the sane tinme nonoval ent copper ions are electrolytically - oxidized into
di val ent copperitingns diva lapar i 10Rrohvdhe &ivachandt icdgPsysteAsatdéhe anode,
and then returns to the etching bath as a regenerated etchant.

monovalent copper ions is initially transported to the
cathode cell in the electrolyzer. And then, inside the
cathode cell in which a circulated cathode solution comes
in and out, trivalent iron ions are reduced into divalent
10 iron ions, after that excess divalent copPer ions and
monovalent copper ions are reduced and deposited on the

electrode, thus enabling metallic copper to be withdrawn.

The solution leaving the cdthode cell with a decreased

15 copper concentration is now apart from the circulating
system, and then-coqducted to the anode cell, where
chlorine ions lose their own electrons so that chlorine gas
generates. The chlorine gas is supplied to an.absorbing
tower. The solution, which has a decreased concentration

20 of chlorine due to the generation of chlorine gas and at
the same time monovalent coPPper ions ére electrolytically
oxidized into_divalent coPpper ions, is apart from the

circulating system at the anode, and then returns to the
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The etchant generated in the etching bath, i.e., the etchant including
copper (I) chloride and unreacted copper 5 (11) chloride or the etchant
including trivalent iron ions, divalent iron ions, divalent copper ions and
nonoval ent copper ions is supplied to not only the el ectrolyzer, but also
to the absorbing tower. Wth the aid @8 the chlorine gas which generates

at the el ectrol yzer d then is 10 supplied to, the absorbing tower, the

et chant i ncl udf cgh’CI’O%[)"ear“’( 138 c?hlr(‘}lgieaérgﬁaﬁuﬁfégﬂ bd copper (I11) chloride is
oxi dized for the regeneration according to the equation of reaction, [err]
15 The copper (I1) chloride thus regenerated is returned as a regenerated
etchant to the etching bath. The etchant including trivalent iron ions,

di val ent iron fpns { il r:io a V t .cqpper,,ions is 20
oxi di zed for t%gprzggkéﬁagggﬁqggggré?ngﬁfoggﬁgpggug%ﬁ§n§'%?’réggtion, [err]

[err] 14 The sol ution of both regenerated copger (I'1) chloride and
etchant including copper (I) chloride and unreacted copper

S (I1) chloride or the etchant including trivalent iron ions,
divalent iron ions, divalent coPpper ions and monovalent
copper ions is supPplied to not only the electrolyzer, but
also to the absorbing tower. With the aid of the chlorine
gas which generates at the electrolyzer and then is

10 supplied to the apsorbing tower, the etchant including
copper (I) chloride and unreacted copper (II) chloride is
oxidized for the regeneration according to the equation of
reaction,

2CuCl + Clz —  2CuCls.
15 The copper (II) chloride thus regenerated is returned as a

refenerated etchant to the etching bath.

The etchant including trivalent iroen ions, divalent iron
ions, divalent copper ions and monovalent coPPer ions is
20 oxidized for the regeneration according to the eqQuations of

reaction,

2FeClz + Cly — 2FeCls,

2CuCl + Cly — 2CuCls. ThisSheetHasBeenReplacedi
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ferric chloride is returned as a regenerated etchant to the etching bath.
+This Sheet Has Been Replaced 5 The solution which is reduced at a decreased
copper concentration in the cathode cell and then | eaves the cell, can also
be supplied directly to the etchant conducted to the absorbing tower. In
this case, chlorine ions and copper chil8rine conpl exes, which travel

towards the a e, 10 passi t hro h LAap i h I ol ytyi C
bath, are oxi di 2&d®® ﬁb (e d’er}?lebrogthi ﬁgtﬁt"hé?éﬂkgr%@g@a& E?hghgtogﬁtgr?t a%ﬂﬁus
m xed is regenerated by introducing the chlorine gas into the absorbig%
tower, and thuereturcelp nide isegetaraeddast ehapfeRor died arlciadd BathRe15
In the conventional electrolytic nethod, the generation of chlorine gas is

usual Iy designggcf pppeyfshsmall as possible. It nust be noted, however,

that in the present 1nvention the chlorine gas is positively used in order
to regenerate 20 the etchant in a conpletely closed system Furthernore, "’
it must be nentioned that the conversion of copper (I) chloride into copper
(I'1) chloride and/or of 15 copper (1) chloride and ferrous chloride into
copper (11)S The solution which is reduced at a decreased copper

concentration in the cathode cell and then leaves the cell,
can also be supplied directly to the etchant conducted to
the absorbing tower! In this case, chlorine ions and
copper chlorine complexes, which travel towards the anode,

10 passing through the diaphragm in the electrolytic bath, are
oxidized, hence generating the chlorine gas. The etchant
thus mixed is regenerated by introducing the chlorine gas
into the absorbing tower, and thps returned as a
regenerated etchant to the etching bath.

15
In the conventional electrolytic method, the generation of
chlorine gas is usually designed to be as small as possible.
It must be noted, however, that in the present invention
the chlorine gas is Positively used in order to regenerate

20 the etchant in a completely closed system.

Furthermore, it must be mentioned that the conversion of

copper (I) chloride into copper (II) chloride and/or of

This Sheet Has Been Replaced
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chloride and ferric chloride is often needed and the treating nethod
dccording to the invention is particularly useful in various fields of the
technol ogy, aside fromthe 5 application field of the circuit boards, since
it provides no problenms in the environmental pollution. Fig. 1 is a
conceptual flow chart in the first emfagdi nent of this invention. 10 Fig. 2
is a conceptual flow ghart .in _gnhother enbodinep{ of this invention. This

invention will¢tihther! b tdedddienaddndeoho st bt el 48 o min gp PPga (11)
enbodi ments. Exanple 1 In an apparatus which is conceptually illustrated in

Fig. 1, an etctiahdridelani rfgraicophéoridnt emt o Of ed 2ile ecifdd (a3.d6 t2@ g/ for
nonoval ent copper ions) and a chlorine content of 300 g/I was supplied at a

flowrate of 9 Jgnt e e ode, Cu) in _el.ectraolyzer 1
havi ng a m)doatcf‘i/z[TP {cf{gaprhrﬁtglé’% %&%Q?g%gek k)ag EL Wgﬁs‘; Shictodt &4 d¢ fzd d 31é¥
electrolytic voltage of 2.1 DC V. In the cathode cell where a circul ated

cat hode sol ut i b¥e bblmei i ¥ 24ri@ iieriti edds, of the technology, aside from the
S application field of the circuit boards, since it provides

no problems -in the environﬁental pollution.

Fig. 1 is a conceptual flow chart in the first embodiment
of this invention.

10
Fig. 2 is a conceptual flow chart in another embodiment of

this invention.

This invention will further be described below with the aid

15 of the embodiments.

Example 1

In an apparatus which is conceptually illustrated in Fig.

1, an etchant including a copper éontent of 121 g/1 (8.6
20 g/1 for monovalent copper ions) and a chlorine content of

300 g/1 waé supplied at a flow rate of 9.6 ml/min to a

cathode cell (electrode; Cu) in electrolyzer 1 having a

———

modoaéryl diaphragm, where the bath was operated at an

This Sheet Has Been
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excess nonoval ent and di val ent copper ions mere'electrolytlcally deposi ted
«after taking place reduction. 5 The chenical anal ysi*s showed that the
deposited netal had a copper content of 93.9 % Theproduction rate of

wi t hdrawn copper was 51.7 g/h and the r necessary for the electrolysis
per 1 g copper was 2.03 Wi/ g. 10 The solution which left the cathode cel

n a decreased,Gapeegly EbOPo Pl 2 EORPET2 AP vvansfmrmel fiomdbhecgircul ation
systemto an anode ce el ectrode; (Ru-Sn)02/Ti). . the anode cel

chlorine ions lost their own el ectran,. so that chiorine gas gene{ated at a
rate of 66.2 gMhertha t5Tgabaied QUi ded AP tdBol ARG Potlf Bent T4k
solution in the circulating systemat the anode decreased the concentration
of chlorine duest@sshmogenet aii omndfdichd lrntineogasr thesewyr bei ng

el ectrolytically oxidized in such a may that nDnovaIent copper ions changed

t o dival ent
system had a codset aont 4he b “SEPLHL R gt an BTRE Do ELBELIAL D"
ions) and a chlorine content of 185 g/I and was returned as a regener at ed

etchant to e6ciilieg chamhcdl analys rrhesleqvcmd rigadoltdiei daPgehbedtBetah bt ng
bat

copper content of 93.9 %. The prodqction rate of withdrawn
copper was 51.7 g/h and the power necessary for the

electrolysis per 1 g copper was 2.03 Wh/g.

10 The solution.whicﬁ left the cathode cell in a decreased
concentration of copper was transferred from the
circulation system to an anode cell (electrode; (Ru=Sn)02/Ti).
In the anode cell, chlorine ions lost tﬁgir own electron,
so that chlorine gas fenerated at a rate of 66.2 g/h. The

15 gas was supplied to absorbing tower 2. The solution in the
circulating system at the anode decreased the concentration
of c¢chlorine due to the generation of chlorine gas, thereby
being electrolytically oxidized in such a way that
monovalent copper ions changed to divalent copper ionsf

20 The solution extracted from the circulat}on system had a
copper content of 30.8 g/1 (0.0 g/1 for monovalent copper.

ions) and a chlorine content of 185 g/1, and was returned

as a regenerated etchant to etching bath 3.
is Sheet Has Been Rei aced
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copper content of 121 g/l (8.6 g/l for nonoval ent copper ions) and a
chlorine content of 300 g/l. The etchant was suppITtes:thcjﬂ{awﬁe R
el ectrolyzer 1 having the 5 diaphragm but also to omer at a
flowrate of 200 m/mn. The etchant was oxidi zed b gas whi ch
initially generated at electrolyzer 1 ad then supplle to a sor I ng tower
2. The resulta é solu L on haﬂ copper content of 121 (0.0 g/l for
- nonoval ent copg £ iéc bRE) sahlt b %ﬂqui%%n@eﬁﬂcéﬂﬂgohﬂbhI3 Ihkraefore, it
. was confirned that the sol ution obtained was generated as a sol ution
i ncluding coppenpfkl)cohtont def IThi sgAlol (B.iforg Mag ok ehbih esl] st & ¢gaaner at ed
etchant to etching bath 3. 15 Exanple 2 In an apparatus mhich S
conceptually il r d,i ' tc Niy gigh di cont ent
of 674 gi " (0169501 Bh8re EnChElnde AR GUTNITa00 e PERE EERERR G100
g/l (23.4 g/I for-divalent iron ions) and a chlorlne 20 content of 317 g/t
was first suppsu@dlaedanetow Fhateo ofhes el ewit/meilyzeo & bar hoglet loel |

(el ectrode; Cu) in electrolyzer 1 having.a nodoacryl diaphragm where the

?gt h was opesaiedpatagm, ehertiPdyti e MR 1399 r8fing- Lo Vat A Cf F&Pl Algd

of 200 ml/min. The etchant was oxidized by the chlorine
gas which initially generated at electrolyzer 1 and then
supplied to absorbing tower 2. The resultant soelution had
a copper content of 121 g/1 (0.0 g/! for monovalent copper
10 ions) and a chlorjne content of 304 g/1. Therefore, it was
confirmed that the solution obtained was fenerated as a
solution including copper.(II) chloride. This solution was

returned as a regenerated etchant to etching bath 3.

15 Example 2
In an apparatus which is conceptually illustrated in Fig.
1, an etchant including a copper content of 87.4 g/1 (0.0
g/1 for monovalent copper ions), an iron content of 100
g/1 (23.4 g/1 for divalent iron ions) and a-chlbrine

20 content of 317 g/1 was first supplied at a flow rate nf 4.1
ml/min to a cathode tell (electtode; Cu) in electrolyzer 1
having a modoacryl diaphragm, where the bath was operated

at an electrolytip voltage of 2.1 DC V. A circulated



solution at the cathode cell had a copper content of 13.3 g/l, an iron
rcontent of 104.8 g/l and a chlorine content of 273 g/l, where it was kept
at a trivalent iron ion concentration of less than 30 g/l. In the cathode
cell 5 where the circulated solution capg in and went out, the trival ent
iron ions were electrolytically reduced to divalent iron ions, and then

excess dival ents@nd ig@nqvalkaet ceoppes ¢ ONs el & aloggterolcyhitealt| yfr kdiuted,
t her eby bei ng deposited onto the surface of the cathode. The chem cal 10

| ysi h d fh h | .d %
The broduct i on &He 11 MoPnAPAMTEopper bt W2 GER, HIRTIAE Ehnflnt s

necessary for electrolysis per 1 g copper was 3.64 Wi/g. 15 The solutlon
which left the X lgode wdlelrei ntawdeckehbedt concieritalamiton 1eh dépper was
transferred fromthe circulation systemto an anode cell (el ectrode;

(Ru-Sn) 02/°Ti ) . JJhééH%r%qqqg %qlhesghkﬁﬁhnﬁﬂ'ﬁﬂﬁ | osf fiheicla i@ eck@¢iron, so

that chlorine gas generated at a rate of 6.3 g/h. The 20 gas was guided to

absorbing tower 2. The saolution in the clrculatlon ten1at t he anode

decr eased théSdUHUéhHM§tﬁdﬁ°GfaéﬁﬁoPPhétH%% Y& he "£0itoq Uds éﬁForine

gas, thereby being electrolytically oxidized in such a way that dival ent
trivalent iron ions were electrolytically reduced to

divalent iron ions, and then excess divalent and monovalent
copper ions were electrolytically reduced, thereby being
deposited onto the surface of the cathode. The chemical

10 analysis showed that the metal deposited had a copper
content of 97.1 %. The production rate of withdrawn copper
was 17. 3 g/h and the power necessary for e]ectrofysis per

1 g copper-was 3.64 Wh/g.

15 The solution which left the cathode cell in a decreased
concentration of copper was transferred from the
circulation system to an anode cell (electrode; (Ru=Sn)02/Ti).
In the anode cell, chlorine ions lost their own electron,
so that chlorine gas generated at a rate of 6.3 g/h. The

20 gas was guided to absorbing tower 2. The solution in the
circulation system at the anode decreased the concentration
of chlorine due to the generation of chlorine gas, thereby

being electrolytically oxidized in such a way that divalent

This Sheet Has Been Replaced




19 iron ions and nonoval ent copper ions changed to trrvalent |ron ions and

di val ent copper ions, respectively. The solution extrac Replaced
circulation system had a copper content of.15.7 g/l .0 Bﬁ | ent
copper ions), 5 an iron content of 104 g/l (0.0 g/l for ons)
and a chlorine content of 247 g/l, andieas returned as regenerated etchant
to etching bath 3. The etching solutron enerated in etching bath had a
10 copper cont et gfo37 apd gPPDGGaéeﬁflchPehDh%W%J%hﬁngf&pﬁértﬂéﬁéienén iron
content of 106 g/l (51.4 g/l for divalent iron ions) and a chlorine content
of 248 g/|. Thier et civanst awdls ddwppleng¢dcapparf i ons J ates pfe tA.v3 Lyl./ nTThet 0
absorbing tower 2. The etchant was oxidized by the chlorine gas 15 which
|n|t|aIIy gene t t l.egtr, z l,i ed .t b

tover 2 Vrhe FREAL Sl aBSY [R0KaTha s IO IETRE B s 4G, RORBPRMEF)
for nDnovaIent copper ions), an iron content of 106 g/l (0.0 g/l for

dival ent iron ¢omsdntard d56HI d7ilnd0cBnEéht fof M‘gﬁllleﬂ(tll«'wﬂpg/rl ipos) 20

di ssolved chlorine). Therefore, it was confirned that the solution obtained
was generated a5 g &Pl iRt Ba! @'4”@/@!0990 §/1) e Prvademand 1haribgs)
chloride. This solution was returned as a regenerated etchant to etchrng
bath 3.

and a chiorine content of 247 g/1, and was returned as

regenerated etchant to etching bath 3.

The etching solution generated in etching bath 3 had a

10 copper-contenr of:37.5 g/1 (0.0 g/1 for monovalent copper
ions), an iron content of 106 g/ (51.4 g/1 for divalent
iron ions) and a chlorine content of 248 g/1. The etchant
was supplied at a flow rate of 2.3 ml/min to absorbing
tower 2. The etchant ras oxidized by the chlorine gas

15 which initially generated at the electrolyzer 1 and then
supplied to absorbing tower 2. The resultant solution had
a copper content of 37.5 g/1 (0.0 g/1 for monovalent copper
ions), an iron content of 106 g/1 (0.0 g/1 for divalent
iron ions) and a chlorine content of 292 g/1 (11.4 g/l for

20 dissolved chlorine). Therefore, it was confirmed that the
solution obtained was gBenerated as a solution including
copper (II) chloride and ferric chloride. This solution

was returned as a regenerated etchant to etching bath 3.



20 Exanple 3 In an apparatus which is conceptual ly TTTTEHT1ﬁ1ﬁ$4ﬂ+4Q4}_.2,
an etchant including a copper content of 121 g/l (8. ng@ke .ovalent

copper ions) and a chlorine content of 5 302 g/l a
flowrate of 8.33 m/mn to a cat hode c%ll (el ectrodeimﬂlﬂﬁ oI yzer
1 having a nodoacryl diaphragm where t @ bath was op

electrolytic voEramklefd2 0 DC V. In the cathode cell where a circul ated
cat hode solution cane in and went out, 10 excess nonoval ent and di val ent

copper ions wer enehscmﬁtmmldm cdxenQSIct)%eattl@tltaklngspﬂaam rigdyglgl, on.
. The chem cal anal ysis showed that the deposited netal had a copper content

- of 97.5 % The productjon rate wi t hdrawn cop g/ h, a
power necessaryEf of t?‘lleoliasmel‘ “(51I1>?5g|§ G&PPELg Foﬁbf)‘bér a/a]iZlZ gs“V\['kg The
solution which left the cathode cell in a decreased concentration of copper

was m xed to andf hefo etméweota liendl. wdippg ra icapperndont €lnto oifn el 2% ng/eln t( 34. 2
g/l for 20 nonoval ent copper ions) and a chlorine content of 302 g/l, this

h bei 3.,:T ] I
cLonant bet o 9908 ALY P A YagH S TS TP PELHY 60 A0

chlorine content of 297 )
a cathode cell (electrode; Cu) in electrolyzer 1 having a

modoacryl diaphragm, where the bath was operated at an
electrolytic voltage of 2.0 DC V. In the cathode cell
where a circulated cathode solution came in and went out,

10 excess monovalent and divalent copper ions were
electrolytically deposited after taking place reduction.
The chemical analysis showed that the deposited metal had a
copper content of 97.5 %. The production rate of withdrawn
copper was 45.1 g/h and the power necessary for the

15 electrolysis per 1 gr copper was 2.3 Wh/g.

The solution which left the cathode cell in a decreased
concentration of coPpper was mixed to another etchant
including a copPer content of 121 g/1 (14.2 g/1 for

20 monovalent copper ions) and a chliorine content of 302 g/I,
this etchant being generated in etching bath 3. The mixed
solution including a copPer content of 117 g/1 (14.5 g/l

for monovalent coPpper ions) and a chlorine content of 297



21 g/| was supplied at a flowrate of 100 m/mn 1This BRROH |qg i s Sheet
Has Been Repl aced In an anode cell (electrode; [err ?%er 51
havi ng the di aphragm chlorine ions which generat e(ﬂwm WH e cell and
flowed in the anode cell through the dj,aphragm was

generating chlorine gas at a rate of .7 g/h. The chlori ne gas generated
was introduceg/iingasabappbieag ioverf Pow 10 (Bhe fmil0@dns ghin i be Meso oixi zed
by the chlorine gas. The resultant solution had a copper content of 117 g/l
(0.0 g/l for navalbent copper ions) and a chlorine content of 304 g/l. It
was confirmed *H& €nhe sol ution obtained was 15 generated as a solution

i ncl udi ng copper (I1) chloride. This solution was returned as a regenerated

etchant to.-etching bath 3. Exanple 4 20 In an apparatus which is
conceptually illustrated in Fig. 2, an etchant including a copper content

o 9815 9L, (U SRS FOPOVEL L COUET TR0 o0 ePBk 1l 9.3

5 1 having the diaphragm, chlorine ions which generated in
the cathode cell and flowed in the anode cell through the
diaphragm was oxidized, thus generating chlorine gas at a
rate of 59.7 g/h. The chlorine gas generated was
introduced into absorbing tower 2.

10
The mixed solutioﬁ was oxidized by the chlorine gas. _The
resultant solution had a éopper content of 117 g/1 (0.0
g/1 for monovalent copper ions) and a chlorine conteni of

, 304 g/1. It was confirmed that the solution obtained was
15 generated as a solution including copper (I1) chloride.

This solution was returned as a regenerated etchant to

etching bath 3.

Example 4

20 In an apparatus which is conceptually illustrated in Fig.
2, an etchant including a copper content of 89.5;g/l (0.0
g/1 for monovalent copﬁer ions), an iron content of 99.1

g/1 (15.7 g/! for divalent iron ions) and a chlorine



22 content of 318 g/| was first supplied at a flowrate of 4.6 ni/nmin to a
cat hode cell (electrode; Cu) in electrolyzer 1 having a nodoacryl

di aphragm where the bath was operated at an electrolytic voltage of 2.6 DC
V. Acirculated 5 solution at the cathode cell had a copper content of 6.8
g/l, an iron content of 100 g/l and a c?3 orine content of 239 g/l, where it
was kept at a trivalent, i j An _caongentrat| of ;1 ess t 30 .a/l .. Lngthe
cathode cell whetEeihe fciilg{}ldﬁedvassoﬁdf%nsggms'%?1 %icfl V\Qﬁ){}v orLftt,% t°k§e4l
trivalent iron ions were electrolytically reduced to divalent iron ions,

and then excesslfniml enta ared hookeovealildnt(edeppee d ¢ onudrere el exdtrodiygeircdl |y
reduced, thereby being deposited onto-the surface of the cathode. The

chem cal anal ygi ¢ sHoyes, hey inpthaly gdePask t £di hady 2 I GRRET pkT aG @t ent
of 96.6 % Theﬁ%fbggcticw#¢i§2?%?”&??hé§amngcgpge$ was 22.7 gﬂﬁ aﬁd t he

power necessary for e|lectrolysis per 1 g gopper: 4.58 Wh/g. The sol ution
whi ch left theltaihobiee ‘bb‘lqlfltn'ca "(?(—:léraéés@g go?c’&&ﬁﬁm rAit§ ‘o‘rf’“glfa tC”'B'pper was

m xed to another etchant including a copper content of 121 g/l (14.2 g/l

for monoval eBt s60PPEsn | PNSHh @nch tehoakel @reilnehadnteasppér 30 it otfhibs 8et chant

bei ng generated in etching bath 3. The m xed

g/1, an iron content of 100 g/1 and a chlorine content of
239 g/1, where it was kept at a trivalent iron ion
concentration of less than 30 g/1. Im the cathode cell
where the circulated solution came in and went out, the

10 trivalent iron iops were electrolytically reduced to
divalent iron ions, and then excess divalent and monovalent
copper ions were electrolytically reduced, {hereby being
deﬁosited onto the surface of the cathode. The chemical
analysis showed that the metal deposited had a copper

15 content of 96.6 %. The production rate of withdrawn copper

was 22.7 g/h and the power necessary for electrolysis per 1

g copper was 4.58 Wh/g.

The solution which left the cathode cell in a decreased
20 concentration of copper was mi;ed to another etchant

including a copper content of 121 g/1 (14.2 g/1 fo;

.monovalent copper ions) and a chlorine content of 302 g/1,

this etchant being generated in etching bath 3. The mixed

This Sheet Has Been-Reilaced
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23 solution including a copper content of 36.6 g/l (0.0 g/l for nonoval ent
<copper ions), an iron content of 104 g/l (19.3 g/l for divalent iron ions)
and a chlorine content of 271 g/l was supplied at a flowrate of 17.3
m/mn to 5 absorbing tower 2. In an anode cell (electrode; [err]) of

el ectrolyzer 1 having the diaphragm gl orine ions which generated in the
cathode cell and flowed in the anode cell through t?e 0 hr agm was

oxi di zed, t huso behietmtiintg vdHingr iins oA r af 0 Bt ¢ Bt e°§)f b & ?F% ?h /dhlori ne
gas generated was i ntroduced into absorbing tower 2. The ntxed sol uti on was

oxi di zed by thgr ofd £V Al daopPRe G%nkPsubhantosodan i ot hefd 14 dcgpper
content of 36.6 g/l (0.0g/l for nonoval ent copper ions), an |ron content of

100,971 (0,0 04 {0/ ELAEL e I PORLIBIE 2oL G AL el O

obt ai ned was generated as a 20 sol ution including.c £n% (II) chl ori de and
ferric chlori@el ghlsvsoluthpdn edasitr et dinedrase a0 f efenermk/ati rettohant to
etching bath 3.

5 absorbing tower 2.

In an anode cell (electrode; (Ru-Sn)02/Ti) of electrolyzer
1 having the diaphragm, chlorine ions which generated in
the cathode cell and flowed in the anode cell through the

10 diaphragm was oxidized, thus generating chlorine gas al a
rate of 21.8 g/h. The chlorine gas generated was
introduced into absorbing tower 2. |
The mixed solution was oxidized by the chlorine gas: The

15 resultant solution had a copper content of 36.6 g/1 (0.0g/1
for monovalent éopper ions), an iron content of 104 g/I
(0.0 g/1 for divalent iron ions) and a chlorine content of
292 g/1 (8.7g g/1 for dissolved chlorine). It was
confirmed that the solution obtained was generated as a

20 solution including copper (II) chloride and ferric chloride.
This solution was returned as a regenerated etchant to

etching bath 3.

is Sheet Has Been Re laced
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24 CGains: 1. A nethod for treating an etchant conprising the foll ow ng
steps of: - treating an etchant including copper (I|)}y—€htortde—by—reans of
the electrolysis using a diaphragmto wi thdraw 5 copper electrol viically
deposited in a cathode cell, - supplying chlorine gailﬂﬂlﬁ“ﬂj'ﬂﬂﬂnﬂ anode
cell into another etchant including copper (1) chl orilcg RS

et chant bei ng usefidst an etching process, thereby enabling the etchant to
be regenerated. 10 2. A nmethod for treating an etchant according to claim
1, wherein it includes the follow ng steps: - supplying the etchant

I ncl udi ng copper (lI) chloride to the cathode cell-of an electrolytic bath
to withdraw 15 copper, - supplying to the anode cell a solution after

wi t hdr awi ng t hel copperthaddreby reaitdngi my ebeobaml emmpodpges itdes to

~di val ent copper ions and generating chlorine gas, - introducing the

chl ori ne gas geggffgﬁﬁhérgg%p%ngqher 20 etchant including copper (1)
abl’i

chloride, thereby en ng the solution to be oxidized.

— treating an etchant including copper (I) chloride by

means of the electrolysis using a diaphragm to withdraw
5 copper electrolytically deposited in a cathode céll,

- supplying chlorine gas fenerated in an anode cell
into another etchant including copper (I) chloride, said
another etchant being used in an etching process, thereby
enabling the etchant to be regenerated.

10
2. A method for treating an etchant according to claim 1,
wherein it includes the following steps:

- supplying the etchant including copper (I) chloride
to the cathode cell of an electrolytic bath to withdraw

15 ¢opper,

- supplying to the anode cell a solution after
withdrawing the coPper, thereby oxidizing monovalent copper
ions to divalent copPer ions and generating chlorine gas,

— introducing the chloring.gas génerated into another

20 etchant including copper (I) chloride, thereby enabling the

solution to be oxidized. -
This Sheet Has Been Replaced
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REPLACEMENT SHEET 3. A nethod for treating an etchan%faCCGTaT’g to ﬁ*aln1l

Wherein it includes the follow ng steps: - supplying t udi ng
copper (I) chloride to the cathode cell of an electr thdr aw

5 copper, - mxing the solution after i thdrawi ng th er W|tﬁ anot her
etchant including copper (1) chloride, - supplying to “the mixed sol ution

the chlorine gas Agmqmtdeqolrnt&b@tﬁ@palpfemmr 3 cdg 1GaRPEe6. ¢l Renepy 10
‘oxi di zing the mxed solution. 4. A nethod for treating an etchant

conprising the follomnng st n etchant including ferric
chloride 15 cd’rheaﬁerflnnd cdﬁﬁzgﬁf’)? ﬁﬁéni E? “é\’rfggal ¢thol ysis using a di aphragm
wi t hdraw copper in a cathode cell in which trivalent iron ions and copper
ions are kept at concamtprlatingnshef et ebsnt hiame B0digrd camde20 (§) | chloride
~respectively, - introducing chlorine gas generated in an anode cell 20 into

anot her ‘et char, ysed J) 300 Lelhi N PLRCERS. ¢ FDR Y 13030k 5ng 1 R rgg! uti on

to be regenerate treati ng an et chant accordlng 0 claim

4,
5 copper,

~ mixing the solution after withdrawing the copper
with another etchant including copper (I) chloride,

~ supplying to the mixed solution the chlorine gas
generated in the step of withdrawing copper, thereby

10 oxidizing the mixed solution.

1, A méthod for treating an etchant comprising the
following steps 6}3
- treating-an etchant including ferric chloride
15 containing copper by means of an electrolysis using a
diaphragm withdraw copper in a cathode cell in which
trivalent iron ions and coPpPer ions are kept at
concentrations of less than 30 g/! and %0 g/1, respectively,
— introducing chlorine gas generated in an anode cell
20 into another etchant used in an etching process, thereby

enabling the solution to be regenerated.

5. A method for treating an etchant according to claim 4,
RS
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26 wherein it includes the follow ng steps: - supplying the etchant
tncluding ferric chloride containing copper into the cathode—<cetH—of—an——

el ectrolytic bath to withdraw netallic copper under conditions that 5
trivalent iron ions and copper ions arejkept at concent'riﬂm’lﬂuﬁluﬂﬂ&wu!lan
30 g/l and 20 g/, respectively, - supplying a solution aRfey

the copper to tygangde (Cehl 1hhe Whigh MPPOMA ANt 1GgRREr and dival ent i ron
ions are changed to dival ent copper and trivalent iron ions 10 respectively

by neans of oxidization, thereb enerating, chlorine gas, - introducing the
chl orine gas thus généﬂgfialPﬁtghgnbiﬁ%4"%tkﬁ&%ﬂdﬁnﬁcﬁﬂthﬁ fRiprEdenl oride
cont ai ni ng copper, thereby enabling the solution to be oxidized. 15 6. A

met hod for treatinigianngt chpptracecbs dilng ¢t hldai ed,] oheagi Blbkt i OLY LOES
the follow ng steps: - supplying the etchant including ferric chloride

I ni ' : 1 of | vti.c.20 bath
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di val ent copger ions are kept at
trivalent iron ions and copper ions are kept at

concentrations of less than 30 g/1-and 20 g/1, respectively,
- supplying a solution after withdrawing thé copper to
the anode cell in which monovalent copper and divalent iron
ions are changed to divalent copper and trivalent iron ions
10 respectively by means of oxidization, thereby generating.
chlorine gas,
—- introducing the chlorin; gas thus generated into
another etchant including ferric chloride containing copper,

¢’

p thereby enabling the solution to be oxidized.

15 |
6. A method for treating an etchant according to claim 4,
wherein it includes the following steps:

— supplying the etchant including ferric chloride

containing.copper into the cathode ﬁell of an electrolytic

20 bath to withdraw metallic copper under conditions that
trivalent iron ions and divalent copper ioﬂs are.kept at
concentrations -of less than 30 g/1 and 20 g/1, respectively,

- mixing a solution after withdrawing the copper with
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concentrations of less than 30 g/l and 20 g/l respectlvely, - m xing
solution after w thdrawi ng the copper with “Mmt“i Ln ncI ud| ng
ferric chloride containing copper, - introduci ngm\ m gener at ed
in the step of withdrawi ng copper into,the m xe olcut on" thereby
oxi di zing the m xed sol ution. REPLACENENT SHEET

another etchant including ferric chloride containing copper,
— introducing the chlorine gas generated in the step
of withdrawing copper into the mixed solution, thereby

oxidizing the mixed solution.
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