DESCRI PTI ON Met hod for Reusing Waste Etching Liquid 5 TECHNI CAL

FI ELD The present invention relates to a nethod for reusing a waste |iquid
generated during an etching process, in which a copper artlcle |s et ched
whi | e usi ng an amoni cal al kaline cupric chloride etchant, b

cont i nuousl y WRA6AWRECcti vel y extracting copper fromthe wast CFPW"(!“"By
using an extraction sol vent. BACKGROUND ART As the etching |iquids which
are used in the production process for printed circuit boards, an 15

al kaline type or an acid type is seleﬁi\myg:s_ed in
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accordance with the kinds of resists adopted in the process. Recently, due
to the severe econom c circunstances, the acid type etching liquid has been
i ncreasingly used due to its |lower running cost. 20 , It is
difficult, however, to conpletely replace the alkaline typel,@%n;,gﬁ i d
type, becau?goﬂf’ﬁsﬁ?’y Integrated circuit boards have recently Ieen 1635
advant ageousl y produced through a pattern plating nethod, and there are

ki nds of -printed circuit boards which are inmpossible toé’ﬁroduce 25 .
unl ess a net abl robrdsy F¢ K 8% 08 &% Bi@p llic { By the” ¢ d68hR bvelit LGB Rs to
carry out the_etchi n%_c;geration whi | e usi rﬁ t he al kaline type etching
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A o
acid type etching liquid, by reusing the alkaline etching 30 l'iquid
which is refreshed by the extraction solvent. The amoni ac al kaline etching }
liquid used in the process for produ0|ng the printed circuit boards is
mai nly used for erosively renoving usel ess copper other than necessary
copper circuMO36@8822rns covered with an 35 anti - erosi ve RATAPIUYETI st
ammoni ac al kali as an etching resist, such as a solder plating |layer or a
ni ckel plating | ayer. - 2-
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The etching liquid consists of an operating-bath liquid mainly conprised of
cupric chloride form ng anmoni ac conpl ex, aqueous anmoni a and ammoni um
chloride; a replenishing liquid mainly conprised of anmonium5 chl ori de
and aqueous anmoni a; and various additives for, for exanple, preventing the
sol der from &VQ@%6/3$827 i nprovi ng the conpl exi ng ability, enhanPCHIPISMIST3
etching accuracy, and accelerating and stabilizing the etching rate. 10

The etching operation is carried out by using the oxidizing ability of
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According to an ordinary regeneration system wherein 15 t he conventi onal
repl enishing liquid is used, copper (I) formed by the reduction during the
etching process as represented by fornmula (1) is restored to original
copper (I1) as represented by the.following fornula (2), and then the -
etching |iqui WO9%R3882Futed to have a | ower 20 copper cont eRCIVIFPS/Q1673

pur pose of reuse. 4Cu(NH err])[err]d + 4NHerr]d + 4NHerr]OH + Jerr]
[err] ACU(NH[err])[err]CI [err] + 6H err]O (2) A nethod for collecting netal
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formula (3); Cu(NH err])[err]C[err] + 2(EXYH + 2H err]O [err] Cu(EX)[err]
+ 2NH err]d + 2NH err]OH ... (3) 30 wherein copper is favorably
collected by sufficiently mxing the waste etching liquid with an

extraction solvent. As for the collection of copper fromthe%eﬁ gﬁgﬁ)n
sol vent , copﬁ@?”ﬁﬂ’ate i s obtained by sufficiently 35
extraction solvent with the aqueous solution of sulfuric acid as

represented by formula (4), from
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-3- which copper can easily be collected by electrolysis as represented by
formula (5). CQu(EX)[err] + Herr]SOerr] [err] CUSerr] + 2(EX)H

... (4) 2cuserr] + 2Herr]O[err] (electrolysis) [err] 2Cu[err] +

2H err] SO err] + Jerr] 5 '

... (5) Thewdnesrassb7St at es Patent No. 4,083, 758 or Japanese MEmResNBs

Pat ent Publication (Kokai) No. 62-53592 discloses a nethod for regenerating
a waste al kaline etching liquid by using an extraction solvent. 10
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the latter is characterized by the provision of an extraction process for
col l ecting copper- contained in 15 - rinsing water used after the etching.
However, the rinsing process for renoving chloride ions provided in the

f or mer has recently been unnecessary because it is possible, by the
sel ection of V&0 r extraction solvent, to reduce an int akRCEFRISBISTHf 20

chloride ions to such an extent as to have a negligible influence upon the
col l ection of copper by electrolysis after back extraction. Wiile the
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be generated when the rinsing water passes through the sanme cycle, which is
a cause of the disturbance of a total balance in the system- Mre
concretely, there may be a choking of a piping 30 - system including an
extraction device for rinsing water, or a breakage of a rinsing punp for an

etching i quydoeAgkdyti on of a considerabl e amount of aqueoupcHFBRVIgy3 S One
solution for such problens. However, it is difficult to maintain a proper

concentration of amonia 35  because a total ampunt of rinsing water is
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-4- etching process to deteriorate the morklng environnent as well as to
exert a bad influence upon the operator's health. DI SCLOSURE OF THE

| NVENTI ON 5 An object of the present invention is to solve the
above-nenti oned problens of the prior art and to provide a nethod for
reusi ng a wastwio ed/ssimg |1 quid capabl e of snmoothly carrying oRCT/aRese16Zhi ng
operation through a safe and stable solvent extraction cycle. 10

That is, the waste etching liquid of an alkaline type is regener at ed by
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reused for a longer period in the etching process while nmaintaining a good
performance. A small nunber of sulfate groups, derived froma 15

saponificated |ayer or the like formed by the repetition of contact of the
extraction solvent with the alkaline etching liquid for a |ong period,- are

. cont ai ned | nyplegasear vent separated through the back extract pormosbisys! |

easily mgrate into the alkaline etching liquid after 20 reuse of the
extraction solvent as it is. There nay be problens if the sulfate groups
enter the etching liquid in that, im‘r%i?tely, an etching rate becones:

unstable, and, in the long run, crystd#f's"may separate out in the etching
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25 since the sulfate group has a | arge specific weight, the apparent
specific.weight of the etching liquidincreases thereby. Accordingly, in an
ordinary al kaline type etching systemin which the replenishnment of fresh
liquid is indicated in accordance with the variation of specific 30

wei ght, the WOHR68M27ati on of copper is liable to decrease, HGTERIVHOTn
results in the lowering of etching rate or the deterioration of etching
accur-acy. To elimnate such drawbacks, according to the present invention,
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-5- the alkaline etching liquid so that t he long termuse of the alkaline
etching liquid is possible in a stable manner. That is, according to the
present invention, a 5 met hod i s provided for reusing a waste |iquid
generated during an etching process wherein a copper article is etched
whi | e usi ng anygwemsgrac al kaline cupric chloride etchant, by ponnmumﬁysly
and sel ectively extracting copper fromthe waste liquid by usi ng an

extraction
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10 sol vent, characterized in that the nmethod conprises: (a) a process
for continuously agitating and m xing the waste |iquid and the extraction
sol vent and separating the mxture into an extraction sol vent containing
copper-and a regenerated liquid having a 15 reduced copper

concentrati owo 96354822 reusi ng the regenerated |iquid having R¢EIPERIEEd
copper concentration for the etching operation; (b) a back extraction
process for agltatlng and m xing the extraction solvent containing copper
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in a predeterm ned range, and separating the m xture so that copper in the
extraction solvent mgrates into the 25 aqueous solution of sulfuric
acid and copper sulfate; (c) a process for rinsing the extraction sol vent
whi ch has been separated through the back extraction process, by using a

ri nsing quqrﬁgaaﬁghas cold water, hot water or dilute hydrochloric acid,

to renove sulfuric 30 acid therefrom (d) a process for PETEF¥§i6he
extraction solvent thus rinsed for the extraction and regenerati on of the
waste etching liquid; and (e) a process for collecting netallic. copper.from
35 t he aqueous solution of .sulfuric acid and copper sulfate
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havi ng an i ncreased copper concentration due to the back extraction through
the el ectrol ysis thereof. -6- Accordingly, one of the nbst inportant
features of the present invention resides in that the extraction sol vent
separated through the back extraction is rinsed by cold water, hot water
or, preferabkyoogtisgist € 5 hydrochl oric acid. In this conngeiirogoisIPne
types of extraction solvent may have problens in the separation fromthe
aqueous system caused by the affinity to the '
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aqueous systemor the difference in the specific weight therebetween. In

such cases, an aqueous solution of a 10

conposition contained in the

etching liquid, which has no adverse effect even though m xed with the

etching liquid,

can be used as the rinsing liquid. According to one aspect

of the presentwigyégsdabron, it is characterized in that the etc@kgﬁpg%@%#gent

regenerated 15

menber "or an oil/water separation nmenbrane for
extraction solvent taken therein.

by the extraction solvent passes through an Oi
renovi ng an anount of
Since the taken-in extraction solvent is

renoved when the etching liquid regenerated by the extraction sol vent
passes 20 t hrough the oil absorbent nenber or the oil/water

MS-2

%




separation nmenbrane, it wll be possible to properly reuse the regenerated
etching liquid. According to another aspect of the present invention, it is
characterized in that after the aqueous 25 solution of sulfuric acid and
copper sulfate separated through the back extraction has passed .t hrough the
oi | absorbenkiyghgHsgs; or the oil/water separation nenbrane fop.t H@aﬂﬂﬁ?ose
of renoving an anount of the extraction solvent taken in the a ous

sol uti-on, copper contai ned 30 therein is collected as netalllc copper in
an eIectronS|s bath. Al so, the aqueous solution of sulfuric acid and
copper sulfate separated through the back extraction is circulated to the
el ectrolysis bath

-~

—©—

/2' | | |
—F

_~3 | |
o

_/_—_4.

]



via an internediate bath provided with an oil absorbent 35 nmenber for
renmoving an anount of the extraction solvent .taken in the generated |iquid

and copper contained therein is collected as netallic copper in an -7-

el ectrolysis bath. In such cases, since an anount of the taken-in
extraction s@ahy@aky7 S renoved from the aqueous sol ution of . gul {t saci d
and copper sulfate separated t hrough the back extraction durlng € passage
t hrough 5 the oil absorbent menber or the oil/water separation




menbrane, the collection of nmetallic copper can be snmoothly carried out by
el ectrolysis. According to still other aspects, it is characterized in
that, in the process for separating the 10 m xture of waste etching
liquid and extraction nediuminto the original conponents after the both
have been. cogt.ir |y agitated and m xed, the mi xture pass hg%@'%@ a
plurality ofabgaggﬁfo%s aﬁth apertures, having dianmeters mh?%ﬁ 3

smal ler closer to an exit of a 15 separation bath, for the purpose of
reliably carrying out the separation within a short period. By passing the

m xture through the plurality of partitions with the above nmentioned
apertures, it is possible to carry out

Fig.6
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the separation within a shorter period due to the 20 collision of snal
particles of the extraction solvent. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.
1 illustrates an overall construction of a system according to the present
i nvention based on a liquid circulation path; 25 - Fig. 2
illustrates ' _settler (M5-1) used in an extraction pro = 3
illustrates ﬁwggggé%?tlers (M5-2 and M5-3) used in a back ex?ggéF?§ﬁ93
process and a rinsing process, respectively; 30 Figs. 4 and 5
illustrate a device according to one enbodi nent of the present invention;

Fig.7
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Fig. 6 illustrates a circulation path of a conparative exanple; Fig.. 7 is a

graph for illustrating the change of a 35 concentration of sulfuric acid
in the etching liquid relative to the operating nonths; and Fig. 8 is a
graph for illustrating the change of an etching rate relative to the

mont hs of o i@y BEST MODE FOR CARRYI NG OQUT THE | NVENTI gy FesSoftresent
i nvention wﬂﬁ%?esgigescri bed in nore detail belowwth reference to the -
preferred enbodi nents '
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5 illustrated in the attached drawings. Fig. 1 illustrates an overal
construction of a systemaccording to the present invention based on a
liquid circulation path. The respective materials conti RIBUATCFEERD AR
control. 10 Initially, a waste I guid discharged froman etching
process and an extraction sol vent capable of effectively and sel ectively
extracting copper are fed to a mxer-settler NM5-1 while maintaining a
predeterm ned flow ratio therebetweemeﬁﬁF%ﬁﬁ¥QHed and m xed together in a
15 m xer section to forma mxture solution.. While the m xture solution

I's transported at aﬁe%‘%c?d)eteéir iweuasisnegt aesrteseé:éci}-plnng iIt.ic}ﬁsiéepar ated into a
regener at ed _ o
5  TECHNICAL FIELD

The present invention relates to a method for
reusihg a waste liquid generated during an etching
process, in which a copper article is etched while using
an ammonical alkaline cupric chloride etchanf, by

10 continuously and selectively extfacting copper from the
waste liguid by using an extracﬁion solvent.

BACKGROUND ART o

As the etéhing liguids which are used in the
production process for printed circuit boards, an

15 alkaline type or an acid type is selectively used in
accordance with the kinds of resists adopted in the
process. Recently, due to the severe economic
circumstances, the acid type etching liquid has been
increasingly used due to its lowér running cost.

20 - It is difficult, however, to completely replace the
alkaline type by the acid type, because highly integrated
circuit boards have recently been advantageously produced
through a pattern plating method, and there are kinds of
printed circuit boards which are impossible to produce

25 unless a metallic resist is used.

An object of the present invention is to carry out
the etching operation while using the alkaline type
etching liquid at a lower running cost compared with the
acid type etching liquid, by réusing the alkaline etching

30 liquid which is refreshed by the extraction solvent.

The ammoniac alkaline etching liquid used in the
process for producing the printedECircuit boards is
mainly used for erosively removing useless copper other
than necessary copper circuit patterns covered with an

35 anti-erosive metal against ammoniac alkali as an étching
resist, suéh as a solder plating layer or a nickel 
plating layer. ' '



/_’

etching liquid having a reduced copper concentration and an extraction

sol ution containing copper. A favorable 20 extraction sol vent capabl e of
sel ectively extracting copper. i:s a solvent reagent, for exanple, of a
B-di - ket one type or an oxine.type added witzh-a diluting solution consisting
of kerosine having a boiling point of about 200[err]C. 25 Fig. 2
shows the m xer-settler MS-1 used therein. The m xture sol ution prepared in
the mxer section MIWs&EChinG g qangists f AnvwReRa:ingsrkadht | er

-section S constlijigifiid nad rISP VoMprABdBIdE iy dHlloridle FUrmitigons 32 with
apertures, hayi rl](gl}?diiaaréetc%rms lvc\a'hxi Cg %%ous %%%r;&asrga}ll %rxnm%nqz.%% c:tk'ncio%:nldeex-i t
are arranged i AMMeR plex, aq i

a replenishing liquid mainly comprised of ammonium
5 chloride and agqueous ammonia;_and‘various additives for,
for example, preventing the solder from erosion,
improving the complexing ability, enhancing the etching
accuracy, and accelerating and stabilizing the etching
rate. |
10 The etching operation is carried out by using the
oxidizing ability of bivalent copper as represented by
the following formula (1):
Cu + Cu(NH;3),Cl, - 2Cu(NH;3),C1 ' cee (1)
According to an ordinary regeneration system wherein
15 the conventional replenishing liguid is used, copper (I)
formed by the reduction during the etching process as
represented by formula (1) is restored to original
copper (II) as represented by the following formula (2),
and then the etching liquid is diluted to have a lower
20 copper content for the purpose of reuse.
4Cu(NH;),C1 + 4NH,C1 + 4NH,OH + O, - 4Cu(NH;),Cl, + 6H0
: (2)
A method for collecting metal by extraction while
using an organic solvent insoluble in water has been very
25 popular in the mining industry. Copper in the etching
liquid is collected in a way represented by the following
formula (3);
‘Cu(NH;),Cl, + 2(EX)H + 2H,0 - Cu(EX), + 2NH,C1l + 2NH,OH
(3)
30 wherein copper ‘is favorably collected by sufficiently
mixing the waste etching liquid with an extraction
solvent. _' o
As for - the collection of copper.from the extraction
solvent, copper sulfate is obtained by sufficiently
35 mixing the extraction solvent with the aqueous solution
of sulfuric acid as represented by formula (4), from



settler section S at a predeterm ned gap between every adjacent partitions.
It has been confirmed froma test that dispersed particles of extraction
solvent tend to coilide to each other when passi ng through the 35 :
partitions 32, and are separated fromthe-mBxture solution within a shorter
period. In the settler section S are forned a | ower |ayer of a regenerated
et chi ng -9- liquid having a reduced copper concentration and an upper

| ayer of an extWAiEhoRoBBP¥eRBNCBAEALKI RE EB&b@?teﬂhPEhGIGCtr°1YSls as

represented by formula (5).

Cu(EX), + H,SO, - CUSO, + 2(EX)H L. (4)

2CuS0, + 2H,0 - (electrolysis) - 2Cu’ + 2H,SO, + O,

5 ... (5)

The United States Patent No. 4,083,758 or Japanese
Unexamined Patent Publication (Kokai) No. 62-53592
discloses a method for regenerating a waste alkaline
etching liquid by using an extraction solvent.

10 _ The former is characterized by the provision of a
rinsing process for removing chloride ions extracted
simultaneously with the extraction of copper ions, and
the latter is characterized by the pfovision of an
extraction process for collecting-éopper contained in

15 rinsing water used after the etching.

However, the rinsing process for removing chloride
ions provided in the former has recently been unnecessary
because it is possible, by the selection of a proper
extraction solvent, to reduce an intake amount of

20 chloride ions to such an extent as to have a negligible
influence upon the collection of copper by electrolysis
after back extraction. _

While the latter process is advantageous in the
collection of copper in the rinsing water, it has a

- 25 " drawback in that a large amount of copper hydroxide may
be generated when the rinsing water passes throﬁgh the
same cycle, which is a cause of the disturbance of a
total balance in the system.

More concretely, there may be a choklng of a piping

30 system, including an extraction device for rinsing water,
or a breakage of a rinsing pump for an etching liquid.

Addition of a considerable amount of agueous ammonia
is one solution for such problems. However, it is
difficult to maintain a proper concentration of ammonia

35° because a total amount of rinsihg water is large. In
addition, an ammonia odor becomes intense around the



| ayers are collected, respectively, on the exit side. The regenerated

etching liquid fromwhich copper has 5 been extracted passes through an
oi | absorbent menber to renove a very small anmpunt of extraction solution
| eft therein and is returned to the etchi-n@g process'to be reused therefor.
The extracted sol vent containing copper is 10 transferred to M5-2. An

aqueous sol ution of sulfuric acid (aqueous sol ution of sulfuric acid and
copper sul f at e ptehing pagsessrite dotarionadieattinge wogkd ng gayfigonaendmant

of the extractiyen1S@lsVed sFtaiaibad GYHIRerce YRl itdd Ipetatiosdls settler .

M5-2. Both 15 conponents are mxed in a m xer 'section and separ at ed
health. ‘
DISCLOSURE OF THE INVENTION
5 An object of the present invention is to solve the

above-mentioned problems of the prior art and to provide
a method for reusing a waste etching liquid capable of
smoothly carrying out an etching'eperation-through a safe
and stable solvent extraction cYcle.

10 That is, the waste etching liquid of an alkaline
type is regenerated by extractidn so that it can be
reused for a longer period in the etching process while
maintaining a good performance.

A small number of sulfate groups, derived from a

15 saponificated iayer or the like formed by the repetition
of contact of the extraction solvent with the alkaline
etching liquid for a long period, are contained in the

" solvent separated through the back extraction and will
easily migrate into the alkaline etching liquid after

20 reuse of the extraction solvent:ae it is. There may be
problems if the sulfate groups enter the etching liquid
in that, immediately, an etching rate becomes unetable,
and, in the long run, crystals may separate out in the
etching liquid if the temperature is lowered. Further,

25 since the sulfate group has a large specific weight, the
apparent specific weight of the etching liquid increases
thereby. Accordingly, in an ordinary alkaline type
etching system in which the repienishment of fresh liquid
is indicated in accordance with the variation of specific

30 weight, the concentration of copper is liable to
decrease, which in turn results in the lowering of
etching rate oi the deterioration of etching accuracy.

To eliminate such drawbacks, according to the
present invention, the sulfate groups mixed into the

35 etching liquid during the back extraction are removed by
rinsing the extraction solvent_after the back extraction.
And the extracted liquid is reused for the extraction of



i

fromeach other during the transportation at a | ower speed in a settler
section contiguous to the m xer section. Copper dissolved in sulfuric acid
as copper sulfate 20 passes through the oil absorbent nmenber as an
aqueous solution of sulfuric acid and coppebd sulfate to renove a taken-in
anount of the extraction solvent, then is transferred to an electrolysis

bath and col | ected as a_val uabl e, substance in the shape_of netallic copper
25 t hrough t¥eeeptkalbngseschingel gnid et sthatr theatPRgateEr vHe ©

col lection of nekraldikaTDpeestéMmbrgel lqeD@Pes possSibleé 1efa esapDEper
sul fate at 1096&gh&g¥@concentration) is reused in the mxer-settler M-2.
That is, according to the present invention, a
5 method is provided for reusing a waste liquid generated
during an etching process wherein a copper article is
etched while using an ammoniac alkaline cupric chloride
etchant, by continuously and selectively extracting
copper from the waste liquid by using an extraction
10 solvent, characterized in that the method comprises:

(a) a process for continuously agitating and mixing
the waste liquid and the extraction solvent and
separating the mixture ihto an extraction solvent
containing copper and a regenerated liquid having a

15 reduced copper concentration, while reusing the
regenerated liquid having the reduced copper
concentration for the etching operation;

(b) a back extraction process for agitating and
mixing the extraction solvent containing copper extracted

20 from the waste liquid and an aqueous solution of sulfuric
acid and copper sulfate prepared so that the
concentrations of copper and sulfuric acid are maintained
in a predetermined range, and separating the mixture so
that copper in the extraction solvent migrates into the

25 aqueous solutibn of sulfuric acid and copper sulfate;

(c) a process for rinsing the extraction solvent
which has been separated through the back extraction
process, by using a rinsing'liquid such as cold water,
hot water or dilute hydrochloric acid, to remove sulfuric

30 acid therefrom; o

(d) a process for reusing the extraction solvent
thus rinsed for the extraction and regeneration of the
waste etching liquid; and

(e} a process for collecting metallic copper from

35 the aqueous solution of sulfuric acid and copper sulfate
having an increased copper concentration due to the back
extraction'through the electrolysis thereof.



Pl

VWil e both of the regenerated etching liquid and the 30

of sulfuric acid and copper sulfate used for the back extraction are
transferred to the etching process and the el ectrolysis process after
passi ng through the oil absorbent nenber,-tfhere may be a probl em of the

reduction of the etching rate if a |arge anount .of 35
Is mxed with the etching liquid, and of a disturbance of electrolysis due

to the inferior condReeNdinghy, PR 19HoERe imosheipertanrkifaatuess 95

-10-

10

15

20

25

30

35

the present invention resides in that the extraction
solvent separated through the back extraction is rinsed
by cold water, hot water or, preferably, dilute
hydrochloric acid. In this connection, some types of
extraction solvent may have problems in the separation
from the aqueous system caused by the affinity to the
aqueous system or the difference in the specific weight
therebetween. In such cases, an agueous solution of a
composition contained in the etching liquid, which has no
adverse effect even though mixed with the etching liquid,

" can be used as the rinsing liquid.

According to one aspect of the present invention, it
is characterized in that the etchihg liquid regenerated
by the extraction solvent passes through an oil absorbent
member or an oil/water separation membrane for removing
an amount of extraction solvent taken therein. Since the
taken-~in extiaction solvent is removed when the etching
liquid regenerated by the extraction solvent passes
through the o0il absorbent member or the oil/water
separation membrane, it will be possible”to properly
reuse the regenerated etching liquid.

According to another aspect of the present
invention, it is characterized in that after the aqueous
solution of sulfuric acid and copper sulfate separated
through the back extraction has passed through the o0il
absorbent member or the oil/water separation membrane for
the purpose of removing an amouﬁt of the extraction
solvent taken'in the agueous solution, copper contained
therein is collected as metallic copper in an
electrolysis bath. Also, the aqueous solution of
sulfuric acid and copper sulfate separated through the
back extraction is circulated to the electrolysis bath
via an intermediate bath provided with an oil absorbent
member for removing an amount of the extraction solvent
taken in the generated liquid and copper contained
therein is collected as metallic'copper in an

aqueous sol ution

extraction sol vent



m xed in an el ectro-deposition tank for the electrolysis. O course, it is
possible to prelimnarily renove the extraction solvent fromsuch a m xture
by using active carbon. However, active carbon is very expensive 5 and
the absorbability thereof is too | ow to achieve the object of the present

I nvention. Also, the absorption rate thereof is |ower than that of the oi
absorbent nmenber. The_ oil/water separation nenbrane may be used for this
purpose. NeedPdSStrelyajs bathmy HB puShi gpeese Fbnce” pRepRARAb PEythENDVE
the mxed extragkennifoexeRacbyohhSodiénBbssor beRibveaNbeomatHet Agaebubtrat e

the regeneral ed PAEMON%ok! Sl ub i Oboha" DRaRebpe, oL PR0e Ot atatl 020
through the back extraction during the passage through
5 the o0il absorbent member or the oil/water separation
membrane, the collection of metallié copper can be
smoothly carried out by electrolysis.

According to still other_aspects,-it'is
characterized in that, in the process for separating the

10 mixture of waste etching liquid and extraction medium
into the original components after the both have been
continuously agitated and mixed, the mixture passes
through a plufality of partitions with apertures, having
diameters which become smaller closer to an exit of a

15 separation bath, for the purpose of reliably carrying out
the separation within a short period. By passing the
mixture through the plurality of partitions with the
above mentioned apertures, it is possible to carry out
the separation within a shorter period due to the

20 collision of small particles of the extraction solvent.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates an overall construction of a
system according to the present invention based on a
liquid circulation path;

25 : Fig. 2 illustrates a mixer-settler (MS-1) used in an
extraction process; .

Fig. 3 illustrates mixer-settlers (MS-2 and MS-3)
used in a back extraction process and a rinsing process,
respectively;

30 Figs. 4 and 5 illustrate a device according to one
embodiment of the present invention;

Fig. 6 illustrates a circulation path of a
comparative example;

Fig. 7 is a graph for illustrating the change of a

35 concentration of sulfuric acid in the etching liquid
relative to the operating months} and

Fig. 8 is a graph for illustrating the change of an



According to the confirmation test, a favorable 15 renoval of the
extraction solvent was obtainable solely by the use of an oil absorbent
menber "QO | ock 100" (phonetic) avail able from Kawasaki Sanko Kasei K. K. The
extraction solvent from which copper has-b8er renoved is transferred to a

m xer-settler M5-3. 20 A process for rinsing the extraction sol vent

according to M5-3.is very inportant for ogperating this systemin a stable
manner for a | BkGHABHI FALCWKELEIEA VENE O khraBONERSs Oty ORETAE 1Pnsed wit h

cold water, hot watgeser MODES EORDCARRY INCUSOYS THE UNVENTION ai ning a
di luted 25 hydro&ﬂlorlc acid.or a predetﬁ&nhgeg annugt of, a c%gponent-

contained in the et cREnPrefentsigxentyen g escribed in mo
detail below with reference to the preferred embodiments

5 illustrated in the attached drawings.
| Fig. 1 illustrates an overall construction of a

system according to the present invention based on a
liquid circulation path. = The respective materials
continuously flow under control.

10 Initially, a waste liquid discharged from an etching
process and an extraction solvent capable of effectively
and selectively extracting copper are fed to a
mixer-settler MS-1 while maintaining a predetermined flow
ratio therebetween, and agitated and mixed together in a

15 mixer section to form a mixture solution. While the
mixture solution is transported at a low speed in a
settler section, it is separated into a regenerated
etching liquid having a reduced copper concentration and
an extraction-solutioh containing copper. A favorable

20 extraction solvent capable of selectively extracting
copper is a solvent reagent; for example, of a
B-di-ketone type or an oxime type added with a diluting
solution consisting of kerosine having a boiling point of
about 200°C. |

25 Fig. 2 shows the mixer-settler MS-1 used therein.
The mixture solution prepared in the mixer section M
passes through a filter 31 to flow into the settler
section S constituting a separation bath. A plurality of
partitions 32 with apertures, having diameters which

30 become smaller closer to an exit, are arranged in the
settler section S at a predetermined gap between every
adjacent partitions. It has been confirmed from a test
that dispersed particles of extraction solvent tend to
collide to each other when passing through the

35 partitions 32, and are separated from the mixture
solution within a shorter period. In the settler section
S are formed a lower layer of a regenerated etching



this process to conpletely rinse sulfate groups taken in the sol vent

whereby the extraction solvent is restored to the original

sta

te. 30

This rinsing process may be carried out by spraying water to the extraction
solvent flow ng along a flat surface or a%urface of a three-dimensional
structure, which mininizes the space necessary for the |nstallat|on Fig. 3

illustrates a conmbination of a m xer-settler 35 2 fo

the back extrddaudd Haying i GastpcRel icoPRas: §%¥Ce§lﬁﬁ?té"c§’p

il

OUt

t %Fthe

m xer-settler 1Myed oFS difeatiied kel Folvede cositaiatiny coppeant vanatn he
layers are collected, respectlvely, on the exit side.

The regenerated etchlng liquid from which copper has

5 been extracted passes through an oil absorbent member to

remove a very small amount of extraction solution left

therein and is returned to the etching process to be

reused therefor.

The extracted solvent containing copper

is

10 transferred to MS-2. An aqueous solution of sulfuric

acid (aqueous solution of sulfuric acid and copper

sulfate) of a predetermined ratio relative to a

transferred amount of the extraction solvent containing
Both

15 components are mixed in a mixer section and separated

copper is supplied to a mixer-settler MS-2.

from each other during the transportation at a lower

speed in a settler section contiguous to the mixer

section.

Copper dissolved in sulfuric.acid as copper sulfate

20 passes through the oil absorbent member -as an agqueous

solution of sulfuric acid and copper sulfate to remove a

taken-in amount of the extraction solvent, then is
transferred to an electrolysis bath and collected as a

valuable substance in the shape of metallic copper
25 through the electrolysis. The diluted sulfuric acid
after the collection of metallic copper (wherein cooper
is still left as copper sulfate at 10% to 15%
concehtration) is reused in the mixer-settler MS-2.
While beth of the regenerated etching liquid and the

30 aqueous solution of sulfuric acid and copper sulfate used

for the back extractioh are transferred to the etching

process and the electrolysis process after passing

35

through the oil absorbent member, there may be a problem
of the reduction of the etching rate if a large amount of
extraction solvent is mixed with the etching liquid, and
of a disturbance of electrolysis due to the inferior

conductivity of electrodes if the extracted solvent is
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diluted sulfuric acid (aqueous solution of sulfuric acid and copper
sulfate) are agitated and m xed together in a m xer section Mto forma
m xture which flows through a filter 41 into a settler section S used as a
separation 5 tank in a simlar manner <ad0 i the nixer-settler M5-1. The
settler section S has a pIuraIity of partitions 42, arranged at a
pr edet er m ned pi;ch Wth ertures _having. di ameters which becone snall er
closer to an exXtxed ’f‘ﬁea%a teqhrretenes Heten i brek W eh thecptecbrobyais 4,
for the éo lpurpos&foéo\i?sejh |i’ﬁti@%é*@lllswaﬁ@tﬂ):?@luﬁ.ﬂﬂai‘ﬁeySﬁ%rhd)ﬁdé
section S, a of the ueous_sol utioon_of.sul furic acid an
copper sulfate %ﬁ% %ﬁy +°Ta§%fﬁ% From such'a ‘mizture by dSing

active carbon. However, active carbon is very expensive

5 and the absorbability thereof is too low to achieve the
object of the present invention. Also, the absorption
rate thereof is lower than that of the oil absorbent
member. The oil/water separation membrane may be used

for this purpose. Needless to say, it may be possible to

10 preliminarily remove the mixed extraction solvent by the
oil absorbent member and then filtrate the regenerated
etching liquid through the active carbon so that the load
on the active carbon is mitigated.

According to the confirmation test, a favorable

15 removal of the extraction solvent was obtainable solely
by the use of an oil absorbent member "Oilock 100"
(phonetic) available from Kawasaki Sanko Kasei K.K.

The extraction solvent from which copper has been
removed is transferred to a mixer-settler MS-3.

20 A process for rinsing the extraction solvent
according to MS-3 is very important for operating this
system in a stable manner for a long period, wherein the
extraction solvent is rinsed with cold water, hot water
or preferably an aqueous solution containing a diluted

25 hydrochloric acid or a predetermined amount of a
component contained in the etchant. It is possible by
this process to completely rinse sulfate groups taken in
the solvent whereby the extraction solvent is restored to
the original state.

30 This rinsing process may be carried out by spraying
water to the extraction solvent flowing along a flat
surface or a surface of a three-dimensional structure,
which minimizes the space necessary for the installation.

Fig. 3 illustrates a combination of a mixer-settler

35 MS-2 for carrying out the back extraction and a rinsing
device MS-3 of such a spray type. In the mixer-settler
MS-2, as described before, the extraction solvent and the



the extraction solvent are forned due to the separation, and the extraction
sol vent overflowing the exit 43 runs 15 - down along a slanted surface 44
constituting a mxer section of M5-3 while being mxed with a rinsing water
sprayed from above. A settler section o W& 3 also has a plurality of
partitions 46 with apertures having dianeters which 20 beconme small er
closer to an exit in the sane manner as descri bed before. The rinsing
water in the Idm/fh.ttéch;emlf\srmurﬁmnﬂ uradueaup el Wiziem b £ enskfhaic aacidsi ng

water, and the,gxtd %ﬁézoré MeN 45 ?f&%{i{ %ﬂﬁt%f&ﬂé’rt
orlglnal state Is ected and Teuse or t ~extractlion of Copper
in the m xer- kg segtion M to form a mixture which flows through a
filter 41 into a settler section S used as a separation
5 tank in a similar manner as in the mixer-settler MS-1.
The settler section S has a plurality of partitions 42,
arranged at a predetermined pitch, with apertures having
diameters which become smaller closer to an exit in the
same manner as described with reference to MS-1, for the
10 purpose of facilitating the separation. In the settler
section S, a lower layer of the aqueous solution of
sulfuric acid and copper sulfate and an upper layer of
the extraction solvent are formed due to the separation,
and the extraction solvent overflowing the exit 43 runs
15 down along a slanted surface 44 constituting a mixer
section of MS-3 while being mixed with a rinsing water
sprayed from above.

A settler section of MS-3 also has a plurality of
partitions 46 with apértures-having diameters which

20 become smaller closer to an exit in the same manner as
described before. The rinsing water in the lower layer
is pumped up by a pump 47 and reused as a rinsing water,
and the extraction solvent in the upper layer restored to
the original state is collected and reused for the

25 extraction of copper in the mixer-settler MS-1.

Figs. 4 and 5 illustrate an embodiment of an
apparatus for carfying out the method for reusing the
waste etching liquid according to the present invention.
The regenerated etching liquid in a regenerated etching

30 liquid tank 1 is stored in a regenerated liquid
intermediate tahk 14 and supplied to an etching bath E.
After the etching operation, a waste liquid is stored in
a waste etching liquid storage tank 3 via a waste etching
liquid intermediate tank 15 (a part of the liquid is

35 stored in the storage tank 3 via an opefating-bath liquid
reserve tank 16).

The waste etching liquid is stored in a waste liquid



T
Figs. 4 and 5 illustrate an enbodi nent of an apparatus for carrying out the
nmet hod for reusing the waste etching liquid according to the present
i nvention. The regenerated etching liquid in a regenerated etching 30
liquid tank 1 is stored in a regenerated ilgui-d internediate tank 14 and
supplied to an etching bath E. After the etching operation, a waste |iquid
is stored in a waste etching liquid storage tank 3. via a waste etching
li qui d inter medinternedkats tankaptand then| niged padaseparatededini Anthe

storage tank 3 é!t@h&lﬂtOéﬁﬁﬁ&d:ﬂﬂohﬂi@?éhéﬂaéléﬁsﬁéﬁﬁ tapksl1f).adhe waste
etching liquid desgégégg ﬁgfgrgaste re: enerated etching liguid thus
separated is stored in a regenerated etchant collecting
5 tank 7 and then returned to the regenerated etching
storage tank 7.
An extraction solvent is stored in a collecting .
tank 8 and then mixed and separated in a back extraction .
tank 9 (MS-2) as described before. The back-extracted

10 solvent is collected in a collecting'tank 10 and rinsed
in an extraction solvent rinsing tank 11. Collected
rinsing water is reused via a circulating tank 12. The
extraction solvent thus rinsed is reused in the etchant
extraction/regeneration tank 6 (MS-1).

15 An agqueous solution of sulfuric acid and copper
sulfate separated in the back extraction bath 9 (MS-2) is
transported via an oil absorbent member 19 to electro-
deposition tanks 20, 21 in which it is subjected to an
electrolysis operation while a voltage is rectified by

20 rectifiers 24 and 25. Thus, metallic copper is
collected. Thé-aqueous solution returned from the
electro-deposition tanks 20, 21 is reused in the back
extraction tank 9 (MS-2) via a relay tank 18 for the
electro-deposition tanks.

25 In an aqueous ammonia storage tank 2 is stored a
fresh etching liquid containing aqueous ammonia which is
added, if required, to the etching tank E via an aqueous
ammonia intermediate tank 17, or to the regenerated
etching liquid storage tank 1 via a fresh liquid

30 preparation tank 4. .

These liguid flows are all controlled by pumps P in
a continuous and automatic manner.

Tests for confirming the effect of the present
invention were carried out while using the actually

35 operating extraction/regeneration apparatus shown in
Figs. 4 and 5. Results thereof are described in Table 1
below:



-12- internediate tank 5 and then m xed and separated in an etchant
extraction/regeneration tank 6 (M5-1) as described before. A regenerated
etching liquid thus separated is stored in a regenerated etchant collecting
5 tank 7 and then returned to the regendBated etching storage tank 7. An
extraction solvent is stored in a collecting tank 8 and then m xed and
separated in a back extraction tank 9 (Ms-2) as described before. The
back-extracted 10 solvent is collectéBR¥eal collecting tank 10 and

ri nsed :
Continuous Operating Period for Etching with or

without Rinse after Extraction

5
Conditions | Maximum period for etching
liquid to be renewed
Without rinse 3 months
With rinse only after 3 months
extraction
10 (Comparative Example) _
With rinse only after back There was no trouble at all
extraction ' even after one year.
(Example)
15 In these confirmation tests, "without rinse" means

that the extraction solvent back-extracted in MS-2 is
reused in MS-1 without being rinsed in MS-3, as shown by
dotted lines in Fig. 1. "With rinse only after
extraction" means that the extraction solvent is rinsed

20 after being extracted in MS—l and then back-extracted, as
shown in Fig.'ﬁ as a comparative example.

When the rinsing process is eliminated or carried
out only after the extraction of copber_from~the etching
liquid, the etching rate is lowered and the etching

25 accuracy becomes worse within a shorter period of three
months, which necessitates the replacement of a whole
amount of expensive etching liquid with a fresh one.

According'to the investigation into which
compositions deteriorate in the etching liquid, it was

30 found, as shown in Fig. 7, that sulfuric acid used in the
back extraction process migrates into the etching liguid
via the extraction solvent.

That is, as is apparent from Fig. 7, when the
rinsing process is not used, the sulfuric acid

35 concentration rises as the time of operation increases,
which indicates that the sulfuric acid used in the
back-extraction process is taken into the etching liquid.

Also, as sulfate groups are taken into the
regenerated etching liquid, the etching rate is lowered
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in an extraction solvent rinsing tank 11. Collected rinsing water is reused
via a circulating tank 12. The extraction solvent thus rinsed is reused in
the etchant extraction/regeneration tank 6 (M5-1). 15 An aqueous
solution of sulfuric acid and copper sul fatld separated in the back
extraction bath 9 (M5-2) is transported via an oil absorbent nenber 19 to
el ectro- deposition tanks 20, 21 in which it is subjected to an,

el ectrol ysi s op®¥ athentime | @f Loperabien| inereases oas pyhoon in Bigifders 24

and 25. Thus, net ald;ﬁ_cusi@p@@xﬁtf&rgplA@@ég&inaheoa@w@%kﬁbé@im@ﬁ@rbfetué ned
fromthe electro-dg§OS|t|on t anks, 20, %%%IS reused,in the back, extraction
tank 9 (M5-2) WEESCRR| HVeRhkonsif ofhigh the rinsing process is

incorporated in the system after the back extraction

5 process, the sulfuric acid concentration does not rise as
shown in Fig. 7 and the etching rate is not lowered as
shown in Fig. 8, because the sulfate groups are not mixed
into the etching liquid. Therefore, it is. possible to
continuously carry out the etching operation in a stable

10 manner and repeat the regeneration of the etching liquid
by the extraction of solvent.

In such confirmation tests, a fresh etching liquid
was properly replenished to compensate for a taken-out
amount of etching liquid.

15 - While the present invention was described in detail
above with reference to the preferred embodiments
illustrated in the attached drawings,'it is noted that
the present invention should not be limited to the above
embodiments but includes various modifications and

20 changes without departing from a spirit or scope of the
present invention.

CAPABILITY OF EXPLOITATION IN INDUSTRY

As described above, according to the present
invention, since the sulfate groups mixed into the

25 extraction solvent during the back extraction process are
removed by rinsing the same after the back extraction, no
sulfate groups are taken into the etching liquid.
Therefore, it is possible to use the etching liquid for a

long period in a stable manner.
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el ectro-deposition tanks. 25 I n an aqueous anmoni a storage tank 2
Is stored a fresh etching liquid containing agueous amoni a whi ch i s added,
if required, to the etching tank E via an agueous anmmoni a i ntermnedi ate tank
17, or to the regenerated etching liquid-stli&rage tank 1 via a fresh |iquid
30 preparation tank 4. These liquid flows are all controlled by punps P
In a continuous and autonatic nmanner. Tests for confirmng the effect of
the present invention were carried out WsUAIMEsi ng the actual |y 35

operating extractioni[egenenetheéld PfPPFSLsEn§heWaste Fiiguid gofebat&@sul ts
thereof are des&&ifﬁg ég g@@ﬁfm& prdcess wherein a copper article is
etched while using an ammoniac alkaline cupric chloride
5 etchant, by continuously and selectively extracting
copper from the waste liquid by'using an extraction
solvent, characterized in that the method comprises:

(a) a process for continuously agitating and
mixing the waste liquid and the extraction solvent and

10 separating the mixture into an extraction solvent
containing copper and a regenerated liquid having a
reduced copper concentration, while reusing the
regenerated liquid having the lower-copper concentration
for the etching operation;

15 (b) a back extraction process for agitating
and mixing the extraction solvent containing copper
extracted from the waste liquid and an aqueous solution
of sulfuric acid and copper sulfate prepared so that the
concentrations of copper and sulfuric acid are maintained

20 in a predetermined range, and Sepérating.the.mixture so
that copper in the extraction solvent migrates into the
aqueous solution of sulfuric acid and copper sulfate;

(c) a process for rinsing the extraction
solvent which has been separated through the back

25 extraction process, by using a rinsing liquid such as
cold water, hot water or dilute hydrochloric acid to
remove sulfuric acid therefrom;

(d) a process for reusing the extraction
solvent thus rinsed for the extraction and regeneration

30 of the waste etching liquid; and .

(e) a process for collecting metallic copper
from the aqueous solution of sulfuric acid and copper
sulfate, having an increased copper concentration due to
back extraction, through.the electrolysis thereof.

35 2. A method for reusing'a waste liquid as defined
by claim 1, characterized in that the etching liquid
regenerated by the extraction solvent passes through an

-

AR A A



bel ow: - 13 - Table 1 Continuous Operating Period for Etching with or

w thout Rinse after Extraction 5 Conditions Maxi mum peri od for
etching liquid to be renewed Wthout rinse 3 nont hs
Wth rinse only after 3 nonthsl6 -

10

15

20

25

30

oil absorbent member or an oil/water separation membrane
for removing an amount of extraction solvent taken
therein.

3. A method for reusing a waste liquid as defined
by claim 1, characterized in that after the aqueous
solution of sulfuric acid and copper sulfate separated
through the back extraction has passed through the oil
absorbent member or the oil/water separation membrane for
the purpose of removing an amount of the extraction
solvent taken in the regenerated liquid, copper contained
therein is collected as metallic copper in an
electrolysis bath.

4. A method for reusing a waste etching liquid as
defined by claim 3, characterized in that the agueous
solution of sulfuric acid and copper sulfate separated
through the back extraction is circulated to the
electrolysis bath via an intermediate bath provided with
an o0oil absorbent member for removing an amount of the
extraction solvent taken in the aqueous solution, and
copper contained therein is collected as metallic copper
in the electrolysis bath.

5. A method for reusing a waste etching liquid as
defined by claiﬁ'l, characterized in that, in the process
for separating the mixture of waste etching liguid and
extraction medium into the original components after the
both have been continuously agitated and mixed, the
mixture passes through a plurality of partitions with
apertures, having diameters which become smaller closer
to an exit of a separation bath, for the purpose of
reliably carrying out the separation within a short
period. | '

A



extraction 10 (Conparative Exanple) VVth rlnse onIy after back

There was no trouble at all extraction” : even after
one year. (Exanple) 15 In these conflrnatlon tests, "wi thout rinse"
means that the extraction solvent back-extddcted in M5-2 is reused in M5-1
w t hout being rinsed in M5-3, as shown by dotted lines in Fig. 1. "Wth
rinse only after extraction" means that the extraction solvent is rinsed 20
after being extracted in M5-1 and then BESIRMLT acted, as shown in Fig. 6
as a conparative exanple. Wien the rinsing process is elimnated or carried

In a method for reusing a waste liquid generated

during an etching process wherein a copper article is

5 etched while uéing an ammoniac alkaline cupric chloride
etchant, by continuously and selectively extracting
copper from the waste liguid by using an extraction .
solvent, the lowering of the etching rate due to a large
amount of extraction solvent mixed into the regeherated

10 etching liquid can be prevented. The waste etching
liquid is regenerated by agitating and mixing the waste
liquid and the extraction solvent together and then
separating the mixture into the original components. The
regenerated etching liquid having a reduced copper

15 concentration is reused for the etching operation, while
the extraction solvent éontaining copper is subjected to
the back extraction so that copper therein is transferred
to an aqueous solution of sulfuric acid and copper
sulfate. Thereafter, the extraction solvent is rinsed

20 while using a rinsing liquid such as. cold water, hot _
water or dilute hydrochloric acid to remove sulfuric acid
from the extraction solvent.



out only after the extraction of copper fromthe etching liquid, the
etching rate is lowered and the etching 257 -accuracy becones worse within
a shorter period of three nonths, which necessitates the replacenent of a
whol e amount of expensive etching liquid with a fresh one. According to the
I nvestigation into which conpositions deteriorate i-n the etching liquid, it
was 30 found, as shown in Fig. 7, that sulfuric acid used in the back
extraction process mgrates igto the etching liquid via the extraction
solvent. That is, as is appait®Bt fromFig. 7, when the ringtng process is
not used, the sulfuric acid 35z concentration rises as @8 tine of

operation increases, e @ a8
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whi ch indicates that the sulfuric acid used in the back-extraction process
Is taken into the etching Iiquid. Al so, as sulfate groups are taken into
the regenerated etching liquid, the etching rate is | owered -14- as the
time of operation increases as shown in Fig. 8 On the contrary, according
to the enbodi ment of the present invention in which the rinsing process is
I ncorporated in the systemafter the back extraction 5 process, the

sul furic acid concentration does not rise as '
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shown in Fig. 7 and the etching rate is not |owered as shown in Fig. 8,
because the sulfate groups are not mxed into the etching |iquid.

Therefore, it is possible to continuously carry out the etching operation
in a stable 10 manner and repeat the regeneration of the etching liquid
by the extraction of solvent. In such confirmation tests, a fresh etching

| iquid was properly replenished to conpensate for a taken-out anount of
etching liquid. 15 Wil e the present invention was described in
detail above with reference to the preferred enbodinents illustrated in the
attached drawings, it is noted that the present invention should not be
limted to the above
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enbodi nents but includes various nodifications and 20 changes wi t hout
departing froma spirit or scope of the present. invention. CAPABILITY OF
EXPLO TATION I N | NDUSTRY As descri bed above, according to the present
invention, since the sulfate groups m xed into the 25 extraction sol vent
during the back extraction process are renoved by rinsing the sanme after

t he back extraction, no sulfate groups are taken into the etching |iquid.
Therefore, it is possible to use:the etching liquid for a long period in a
stabl e manner. - : : :
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-15- CLAIMS 1. A method for reusing a waste |iquid generated during an
et chi ng process wherein a copper article is etched while using an ammoni ac
al kaline cupric chloride 5 etchant, by continuously and sel ectively
extracting copper fromthe waste liquid by using an extraction solvent,
characterized in that the nethod conprises: (a) a process for: continuously
agitating and m xing the waste liquid and the extraction solvent and 10
separating the mxture into an extraction solvent containing copper and a
regenerated liquid having a .

l_ ]

24

Fig.5
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reduced copper concentration, while reusing the regenerated |iquid haV|ng
t he | ower copper concentration for the etching operation; 15 :

(b) a back extraction process for agitating and m xing the extraction

sol vent contai ning copper extracted fromthe waste |liquid and an aqueous
solution of sulfuric acid and copper sulfate prepared so that the
concentrations of copper and sulfuric acid are maintained 20 in a
predeterm ned range, and separating the m xture so that copper in the
extraction solvent migrates into the aqueous solution of sulfuric acid and
copper sulfate; (c) a process for rinsing the extraction solvent which has

been separated t hrough the back F:
1g.6

ETCHING
PROCESS
WASTE - EXTRACTTON
LIQUID SOLVENT .
011 MIXING MS-1
A ORBENT /SETTLING | (EXTRACTION PROCESS)
REGENERATED | ExTRACTED
ETCHING LIQUID SOLVENT
WATER
\ \ )
MIXING MS-3
/SETTLING (RINSING PROCESS)
EXTRACTION [DILOTED 1
SULFURIC  |e—
SOLVENT ACID
(BACK~EXTRACTIONY I
T PROCESS) MIxiNG,  |MS-2
COPPER SETTLING
FLECTROLYTIC COPPER
COLLECTION ~ fe—— SULFATE EXTRACTION] __A\__|
OF COPPER SoLuTION | | SoLVENT
{DILUTED
SULFURIC
ACID




25 extraction process, by using a rinsing l'iquid such as cold water, hot
wat er or dilute hydrochloric acid to renove sulfuric acid therefrom (d) a
process for reusing the extraction solvent thus rinsed for the extraction
and regeneration 30 of the waste etching liquid; and (e) a process for
collecting nmetallic copper fromthe aqueous solution of sulfuric acid and
copper sul fate, having an increased copper concentration due to back '
extraction, through the electrolysis thereof. 35 2. A et hod for
-reusing a waste liquid as defined by claiml1, characterized in that the

etching liquid regenerated by the eIZfriag or17sol vent passes through an-

3 L
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- 16 - oil absorbent nember or an oillmateriseparation menbr ane for
renovi ng an anount of extraction solvent taken therein. 3. A nmet hod for
reusi ng a waste | i quUEXIPGANAEIONcQF SREFERENCE aNUMBRAG®ar act eri zed in that
after the aqueoug sol updion, of  subflLle. aci f; (ofaty Sutigie separated

t hrough ‘t he back extract?on %s pas§e%l?§roh€ﬁg?he %? gabsorbent menber or
the oi | /water separatidFNSREHrAMEORLR FHRIMI® pbBRKof renpvi ng an amount of

the extraction 3 ... waste etching liquid storage tank
4 fresh liquid storage tank
5 . waste liquid intermediate tank
6 ... etchant extraction/regeneration tank
7 . regenerated etchant collecting tank
8 ... extract solvent collecting tank.
9 . back extraction tank
10 ... back extraction solvent collecting tank
11 ... extraction solvent rinsing tank
12 ... rinsing water collecting tank
13 ... rinsed extraction solvent éollecting tank
14 ... regenerated liquid intermediate tank
15 ... waste liquid intermediate tank
16 ... operating bath liquid reserve tank
17 ... aqueous ammonia intermediate tank
18 ... relay tank for electro-deposition tank
19 ... oil absorbent member
20 ... electro-deposition tank (1)
21 ... electro-deposition tank (2)
22 ... electrode rinsing tank:
23 ... electrolytic solution collecting tank
24 ... rectifier (1)
25 ... rectifier (2)

Sty 8/8



sol vent taken i*n the regenerated |iquid, ‘copper cont ai ned MTI O
coll ected as netallic copper in an electrolysiis bath. 4. A nw f '
reusi.ng a waste etching liquid as d%j@g}%%}; ﬁ&al m 3, characterTzed i%’

t he aqueous 15 solution of sulfu copper sulfate sephfes o

t hrough t he mxtraction Is circtl aggedpt g5t e el ectrol ysis bat @ik
I nternmedi ate

anount- of the ext rQL?Y%%%%%ﬁgﬁg%%%%mhgﬁm;h20

copper contained therein is collected as nmetallicHeopper in the

electro Ysi} E#gﬁﬁés A net hod for reusélwmm%etchi ng |iquid agypes/sssay

C23F 1/46, BO1D 11/04 Al | -
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{54) Tids : METHOD OF RECYCLING WASTE ETCHING SOLUTION
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(57) Ab’ha «+» Claaning step

A method of recycling a waste etching solution formed in the etching of a copper article with an ammionia-
alkaline cupric chloride eichant, which comprises continuously treating the waste solution with an extractant capable of
selectively extracting copper while preventing the etching velocity from being lowered as a result of the contamination
of the regenerated etching solution with a large amount of the extractant. The method comprises the steps of mixing
the waste solution with the extractant under agitation to effect extraction, separating the regenerated etching solution
having a lowered copper concentration for recycling, subjecting the copper-containing extractant to back extraction
to cause the copper contained in the exractant to migrate into an agueous sulfuric acid-copper sulfate solution, and
cleaning the extractant after the back extraction with a cleaning fluid such as water, warm water or dilute hydrochloric
acid 10 remove sulfuric acid from the extractant. -




ed by claim1, characterized in that, in the process for separating

defin

the m xture of waste etching |iquid and 25 extraction nediuminto the
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havi g quygtggﬁ whi ch becorme snaller closer to an exit of a separation
bat h,} for the purpose of 30 reliably carrying out the separation within
a shqgrt period.
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