
Method for Treating Etchant This invention relates to a method for treating
an etchant, more specifically a method for treating an etchant including
copper (I) chloride or ferric chloride containing copper, in which case,
chlorine gas generated therein is 5 used to treat other etchants for the
regeneration. It is generally known that a conductive pattern of e.g., an
integrated circuit 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 regenerate 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 requirements, where the etchant waste contains
copper (I) chloride produced in the following etching process: [err] or the
waste is generated from the etching process in which 20 the solution of
ferric chloride is used.  Several method have been proposed for
regenerating the etchant waste,    2 where copper is withdrawn from the
waste and then the 



etchant is regenerated. Some of the methods have already been applied to
the practical use. 5 In one of the most typical methods for regenerating
the waste of etchant containing copper (I) chloride, CuCl in the waste is
regenerated into copper (II) chloride [err] with the aid of hydrochloric
acid and hydrogen peroxide. 10 In this method, however, all contents of
copper dissolved from the copper foil of the substrate into the etching
solution are stored as copper (II) chloride [err], thereby rapidly giving
rise to an excess concentration of [err]. 15 Accordingly,  an excess 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-mentioned treatment with hydrogen peroxide, an
improvement for etching has been proposed where the etchant waste is
electrolytically treated, so    3 that the etchant is regenerated by
changing copper (I) chloride CuCl into copper (II) chloride [err] with the
aid 



of chlorine generated at the side of the anode in which the waste is
transported, and at the same time copper can be 5 electrolytically
withdrawn from deposited copper ions as metallic copper at the side of the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 anode
cells, the balance in pressure, etc, because the liquid phase composition
must be kept at a reduced copper concentration of less than 65 g/l for the
composite solution of both copper (I) and copper (II)    4 chlorides, under
the conditions that the etchant waste is 



separately supplied into the cathode and anode cells. Moreover, no explicit
description is given on the method for treating chlorine gas to be
generated; without the 5 treatment, a danger of 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 obtained 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 ions and
monovalent copper ions which result from ferric chloride and copper foils.
In the course of electrolysis for such an etchant,    5 the reactions of
electrolytic reduction occur at the 



cathode of the electrolytic bath in the following sequence: [err] and then,
5               [err] 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 continuously 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
copper fallen out of the surface of the cathode 15 into the solution
remains at the bottom, [err] or [err] which is newly supplied into the
etchant reacts as follows: [err] 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    6 regenerated solution. These
eventually result in a decreased efficiency of etching. 



Taking into account these facts, the Japanese Patent 5 Publication Sho
55-18558 has disclosed a method for continuously withdrawing copper by
electrolysis 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 also 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    chlorine gas to be generated is not described.  There there is a
danger of deteriorating the working environment due to the resultant gas of
chlorine. 



5 Incidentally, if one is restricted 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 iron in the solution treated,
the reuse of the etchant is impossible and the used etchant is abandoned.
As a result, this method cannot assure the avoidance of pollution in the
environment, nor the requirement for the economy. 15 Accordingly, the
object of this invention is to offer a method for treating an etchant in a
one stage of electrolytic process,  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 decreased cost in maintenance and installation, and a
safety and effective use of chlorine gas generated in the system.    8
Another object of this invention is to regenerate an etching waste with a
high efficiency as well as to withdraw 



copper having a purity of more than 90 % from the waste by employing both
the electrolysis with a diaphragm cell and 5 the oxidation with chlorine
gas. 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
etchant waste 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 chloride 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 cell 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 electrolysis    9 with a
diaphragm cell and the oxidation with chlorine gas. Especially, all the
chlorine gas generated in the anode cell is used, so that the etchant can
be regenerated 



without loss. 5 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 utilizability as well 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. 15 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 which the
etchant 20 including copper (I) chloride or ferric chloride is supplied to
the cathode cell of an electrolyzer for withdrawing metallic copper, a
second step at which the etchant after the removal of copper is then
conducted to    10 the anode cell in order to oxidize monovalent copper
ions contained into divalent copper ions, together with the generation of
chlorine gas, and a third step at which the 



chlorine gas thus generated is supplied to another etchant 5 to oxidize it.
As another embodiment, it is also advantageous that the process consists of
a first step at which the etchant is supplied to the cathode cell of an
electrolyzer for 10 withdrawing metallic copper, a second step at which the
etchant after the removal 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 be kept at trivalent iron ion and copper ion concentrations
of less than 30 g/l and 20 g/l, respectively, in the cathode solution.
11 The electrolytic diaphragm used in the present invention is needed to
possess the following properties;  [err] the restricted mobility of complex
salts of copper or iron 



chlorine in the cathode cell towards the anode cell and the 5 isolation
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,
[err] as small electrical resistivity as possible, [err] agent-proof, in
particular against chlorinating, and  [err] 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 [err],  As
a cathode, titan 20 can preferably be used. The utilization of the
electrodes thus specified provides copper crystals which are unresolvable
into the solution and which easily exfoliates from the surface of the
electrode.    REPLACEMENT SHEET 12 In accordance with the present
invention, the etchant 



generated in the etching bath, i.e., the etching solution including copper
(I) chloride and unreacted copper (II) chloride or the etching solution
including trivalent iron 5 ions, divalent iron ions, divalent copper ions
and 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 cathode
cell with a decreased 15 copper concentration is now apart from the
circulating system, and then conducted 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 copper ions are electrolytically - oxidized into
divalent copper ions, is apart from the circulating system at the anode,
and then returns to the    etching bath as a regenerated etchant. 



The etchant generated in the etching bath, i.e., the etchant including
copper (I) chloride and unreacted copper 5 (II) chloride or the etchant
including trivalent iron ions, divalent iron ions, divalent copper ions and
monovalent copper ions is supplied 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 absorbing tower, the
etchant including copper (I) chloride and unreacted copper (II) chloride is
oxidized for the regeneration according to the equation of reaction, [err]
15 The copper (II) chloride thus regenerated is returned as a regenerated
etchant to the etching bath. The etchant including trivalent iron ions,
divalent iron ions, divalent copper ions and monovalent copper ions is 20
oxidized for the regeneration according to the equations of reaction, [err]
[err]    14 The solution of both regenerated copper (II) chloride and 



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 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 thus 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    15 copper (I) chloride and ferrous chloride into
copper  (II) 



chloride and ferric chloride is often needed and the treating method
according to the invention is particularly useful in various fields of the
technology, aside from the 5 application field of the circuit boards, since
it provides no problems in the environmental 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 content of 121 g/l (8.6 20 g/l for
monovalent copper ions) and a chlorine content of 300 g/l was supplied at a
flow rate of 9.6 ml/min to a cathode cell (electrode; Cu) in electrolyzer 1
having a modoacryl diaphragm, where the bath was operated at an    16
electrolytic voltage of 2.1 DC V.  In the cathode cell where a circulated
cathode solution came in and went out, 



excess monovalent and divalent copper ions were electrolytically deposited
after taking place reduction. 5 The chemical analysis showed that the
deposited metal had a copper content of 93.9 %. The production 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 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 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 chlorine due to the generation of chlorine gas, thereby being
electrolytically oxidized in such a way that monovalent copper ions changed
to divalent copper ions. 20 The solution extracted from the circulation
system had a copper content of 30.8 g/l (0.0 g/l for monovalent copper
ions) and a chlorine content of 185 g/l, and was returned as a regenerated
etchant to etching bath 3.    17 The etching solution generated in etching
bat 



copper content of 121 g/l (8.6 g/l for monovalent copper ions) and a
chlorine content of 300 g/l. The etchant was supplied not only to the
electrolyzer 1 having the 5 diaphragm, but also to the absorbing tower at a
flow rate 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 solution had a copper content of 121 g/l (0.0 g/l for
monovalent copper 10 ions) and a chlorine content of 304 g/l. Therefore, it
was confirmed that the solution obtained was generated 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/l (0.0 g/l for monovalent copper ions), an iron content of 100
g/l (23.4 g/l for divalent iron ions) and a chlorine 20 content of 317 g/l
was first supplied at a flow rate of 4.1 ml/min to a cathode cell
(electrode; Cu) in electrolyzer 1 having a modoacryl diaphragm, where the
bath was operated at an electrolytic voltage of 2.1 DC V. A circulated
18' 



solution at the cathode cell had a copper content of 13.3 g/l, an iron
content 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 came in and went out, the 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 electrolysis 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



19 iron ions and monovalent copper ions changed to trivalent iron ions and
divalent copper ions, respectively. The solution extracted from the
circulation system had a copper content of 15.7 g/l (0.0 g/l for monovalent
copper ions), 5 an iron content of 104 g/l (0.0 g/l for divalent iron ions)
and a chlorine content of 247 g/l, and was returned as regenerated etchant
to etching bath 3. The etching solution generated in etching bath 3 had a
10 copper content of 37.5 g/l (0.0 g/l for monovalent copper ions), an iron
content of 106 g/l (51.4 g/l for divalent iron ions) and a chlorine content
of 248 g/l. The etchant was supplied at a flow rate of 2.3 ml/min to
absorbing tower 2. The etchant was 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/l (0.0 g/l
for monovalent copper ions), an iron content of 106 g/l (0.0 g/l for
divalent iron ions) and a chlorine content of 292 g/l (11.4 g/l for 20
dissolved chlorine). Therefore, it was confirmed that the solution obtained
was generated as a solution including copper (II) chloride and ferric
chloride. This solution was returned as a regenerated etchant to etching
bath 3.   



20 Example 3 In an apparatus which is conceptually illustrated in Fig. 2,
an etchant including a copper content of 121 g/l (8.9 g/l for monovalent
copper ions) and a chlorine content of 5 302 g/l was first supplied at a
flow rate of 8.33 ml/min to 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 copper
was mixed to another etchant including a copper content of 121 g/l (14.2
g/l for 20 monovalent copper ions) and a chlorine content of 302 g/l, this
etchant being generated in etching bath 3. The mixed solution including a
copper content of 117 g/l (14.5 g/l for monovalent copper ions) and a
chlorine content of 297  



21 g/l was supplied at a flow rate of 100 ml/min to absorbing This Sheet
Has Been Replaced In an anode cell (electrode; [err]) of electrolyzer 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 solution was oxidized
by the chlorine gas. The resultant solution had a copper content of 117 g/l
(0.0 g/l for monovalent copper ions) and a chlorine content of 304 g/l. It
was confirmed that the solution obtained was 15 generated as a solution
including copper (II) 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/l for monovalent copper ions), an iron content of 99.1
g/l (15.7 g/l for divalent iron ions) and a chlorine  



22 content of 318 g/l was first supplied at a flow rate of 4.6 ml/min to a
cathode cell (electrode; Cu) in electrolyzer 1 having a modoacryl
diaphragm, where the bath was operated at an electrolytic voltage of 2.6 DC
V. A circulated 5 solution at the cathode cell had a copper content of 6.8
g/l, an iron content of 100 g/l and a chlorine content of 239 g/l, where it
was kept at a trivalent iron ion concentration of less than 30 g/l. In the
cathode cell where the circulated solution came in and went out, the 10
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 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
mixed to another etchant including a copper content of 121 g/l (14.2 g/l
for monovalent copper ions) and a chlorine content of 302 g/l, this etchant
being generated in etching bath 3. The mixed 



23 solution including a copper content of 36.6 g/l (0.0 g/l for monovalent
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 flow rate of 17.3
ml/min to 5 absorbing tower 2. In an anode cell (electrode; [err]) 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 at 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/l (0.0g/l for monovalent copper ions), an iron content of
104 g/l (0.0 g/l for divalent iron ions) and a chlorine content of 292 g/l
(8.7g g/l 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.  



24 Claims: 1. A method for treating an etchant comprising the following
steps of: - treating an etchant including copper (I) chloride by means of
the electrolysis using a diaphragm to withdraw 5 copper electrolytically
deposited in a cathode cell, - supplying chlorine gas generated 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 copper, - 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
chlorine gas generated into another 20 etchant including copper (1)
chloride, thereby enabling the solution to be oxidized. 



REPLACEMENT SHEET 3. 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
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. 4. A method for treating an etchant
comprising the following steps of: - 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 copper
ions are kept at concentrations of less than 30 g/l and 20 g/l,
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, 



26 wherein it includes the following steps: - supplying the etchant
including ferric chloride containing copper into the cathode cell of an
electrolytic bath to withdraw metallic copper under conditions that 5
trivalent iron ions and copper ions are kept at concentrations of less than
30 g/l and 20 g/l, respectively, - supplying a solution after withdrawing
the 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
chlorine gas thus generated into another etchant including ferric chloride
containing copper, 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 cell of an electrolytic 20 bath to
withdraw metallic copper under conditions that trivalent iron ions and
divalent copper ions are kept at 



concentrations of less than 30 g/l and 20 g/l, respectively, - mixing a
solution after withdrawing the copper with    27 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. REPLACEMENT SHEET    


