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Description 

This  invention  relates  to  a  process  for  the  direct 
regeneration  of  chloride-based  ammoniacal  copper 
etchant  baths. 

Baths  containing  heavy  metals  such  as  copper, 
nickel,  cobalt  and  the  like  in  soluble  form  are  widely 
used  commercially  in  plating,  etching  and  other  proc- 
esses.  The  disposal  of  waste  from  such  baths  in  an 
environmentally  safe  manner  presents  a  challenge. 
The  first  step  of  many  disposal  processes  generally 
involves  electrolytic  deposition  of  at  least  a  major  por- 
tion  of  the  heavy  metal  content,  followed  by  treatment 
of  the  remaining  bath  liquid  to  remove  other  constit- 
uents.  The  removal  of  heavy  metals  from  waste  baths 
by  electrolytic  deposition  in  this  manner  is  referred  to 
hereinafter  as  electrowinning  of  the  metal. 

The  treatment  of  etchant  baths  containing  copper 
forms  a  special  instance  of  such  an  electrowinning 
process  since,  in  many  cases,  such  baths  can  be  re- 
generated  for  further  use  as  etchants  by  electrowin- 
ning  of  a  portion  of  the  copper  content  therefrom.  The 
etching  of  copper  is  a  step  carried  out  in  a  variety  of 
production  processes.  A  particular  example  is  found 
in  the  manufacture  of  circuit  boards  which  generally 
begins  with  a  non-conducting  substrate  such  as  a 
phenolic  or  glass  reinforced  epoxy  sheet  laminated  on 
one  or  both  sides  with  a  layer  of  copper  foil.  An  etch 
resist  image  in  the  shape  of  a  desired  circuit  pattern 
is  applied  to  the  copper  foil  and  the  foil  so  imaged  is 
subjected  to  the  action  of  an  etchant,  by  spraying  or 
immersion,  to  remove  the  copper  not  covered  by  the 
etch  resist.  The  resist-covered  copper  circuit  pattern 
is  thereby  caused  to  stand  out  in  vertical  relief. 

The  etchants  most  widely  used  commercially  are 
cupric  chloride  alkaline  ammoniacal  solutions  be- 
cause  they  provide  high  etch  rates.  A  major  drawback 
of  this  type  of  etchant  lies  in  the  difficulty  of  treating 
and  disposing  of  the  waste  therefrom.  Electrolytic  at- 
tempts  to  recycle  or  regenerate  such  baths  directly 
have  hitherto  been  largely  unsuccessful  due  to  the 
corrosive  nature  of  the  etchant  and  the  large  amounts 
of  chlorine  gas  which  are  generated. 

Efforts  have  been  made  to  employ  cupric  sulfate 
alkaline  ammoniacal  etchants  since  these  can  be  re- 
generated  by  electrolytic  means  without  generating 
chlorine  gas.  However,  these  sulfate-based  baths 
suffer  from  low  etch  rates.  Cordani  et  al  U.S.  Patent 
No.  4,784,785  reviews  prior  attempts  to  increase  the 
etch  rate  of  these  baths  and  describes  the  use  of  or- 
ganic  thio  compounds  to  accelerate  the  etch  rate. 
However,  the  accelerated  rate  so  achieved  is  still  sig- 
nificantly  less  than  that  of  chloride-based  etchants. 

Attempts  to  regenerate  chloride-based  etchants 
using  processes  which  do  not  generate  chlorine  gas 
are  reviewed  in  Lee  U.S.  Patent  No.  4,915,776,  the 
teachings  of  which  are  incorporated  herein  by  refer- 
ence.  These  various  attempts  include  electrolytic  re- 

covery  of  the  copper  content  by  indirect  techniques. 
The  '776  patent  is  also  directed  to  a  process  of  treat- 
ing  spent  etchant.  The  process  involves  precipitating 
copperas  a  copper  hydroxide  sludge  by  reaction  with 

5  calcium  hydroxide.  The  ammonia  gas  which  is  also 
generated  in  the  reaction  is  then  reacted  with  the 
aqueous  calcium  chloride  solution  (remaining  after 
the  precipitation)  and  carbon  dioxide  gas  to  generate 
an  aqueous  solution  of  ammonium  hydroxide  and  am- 

10  monium  chloride  and  a  precipitate  of  calcium  carbon- 
ate.  After  separation  of  the  latter,  the  remaining  solu- 
tion  is  used  to  formulate  a  fresh  etchant  bath.  This 
process  requires  high  initial  investment  in  complex 
equipment,  as  well  as  further  treatment  to  recover 

15  metallic  copper  from  the  hydroxide  precipitate. 
Furst  et  al  U.S.  Patent  No.  4,564,428  describes  a 

process  for  regenerating  a  sulfate-based  ammoniacal 
copper  etchant  bath  by  electrolytic  means  in  the  pres- 
ence  of  a  small  amount  of  ammonium  chloride.  The 

20  oxygen  generated  at  the  anode  is  said  to  prevent  evo- 
lution  of  chlorine  gas. 

It  has  now  been  found  that  copper  can  be  recov- 
ered  from  chloride-  based  ammoniacal  copper  etchant 
baths  by  electro-winning  using  a  bipolar  cell  having 

25  significantly  improved  efficiency  as  will  be  described 
in  detail  hereafter.  It  has  been  found  further  that  the 
cell  in  question  has  the  additional  advantage  in  that 
it  can  be  used  to  regenerate  chloride-based  ammo- 
niacal  copper  etchant  baths  by  direct  electrolytic 

30  means  without  generation  of  any  significant  amount 
of  chlorine  gas.  The  copper  is  recovered  from  the 
etchant  bath  in  the  form  of  ductile  sheets  which  can 
be  stripped  from  the  cathode. 

According  to  the  present  invention  there  is  pro- 
35  vided  a  process  for  the  direct  electrolytic  regeneration 

of  a  chloride-based  ammoniacal  copper  etchant  bath 
without  generating  gaseous  chlorine,  which  process 
comprises  subjecting  the  said  bath  to  electrolysis  em- 
ploying  an  etch  resistant  metal  cathode  and  an  anode 

40  selected  from  carbon,  tantalum,  or  an  etch  resistant 
metal  coated  with  a  layer  of  a  conductive  noble  metal 
oxide,  the  bath  also  having  suspended  therein  at 
least  one  bipolar  plate  selected  from  tantalum  or  a 
sheet  of  etch  resistant  metal  coated  on  one  side 

45  thereof  with  a  layer  of  a  conductive  noble  metal  oxide, 
the  at  least  one  bipolar  plate  not  being  connected 
electrically  to  the  anode  or  cathode,  and  when  the  bi- 
polar  plate  has  a  conductive  noble  metal  oxide  coat- 
ing,  the  bipolar  plate  being  positioned  with  the  layer 

so  of  conductive  noble  metal  oxide  facing  the  cathode. 
In  a  related  aspect,  the  invention  also  comprises 

a  closed  loop  system  for  maintaining  a  chloride-based 
ammoniacal  copper  etchant  bath  in  operable  condi- 
tion  by  constantly  removing  liquid  from  the  bath,  on  a 

55  continuous  or  semi-continuous  basis,  subjecting  the 
withdrawn  liquid  to  electrolytic  regeneration  using  the 
above  process,  and  returning  regenerated  liquid  to 
the  etchant  bath  to  maintain  the  latter  at  constant  vol- 
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ume  and  cupric  ion  content. 
The  present  invention  will  now  be  described  more 

fully,  by  way  of  example  only,  with  reference  to  the  ac- 
companying  drawings,  in  which:- 

FIG.  1  shows  in  schematic  form  a  typical  bipolar 
cell  used  in  the  process  of  the  invention; 
FIG.  1A  shows  in  cross-section  an  alternative 
form  of  anode  for  use  in  a  bipolar  cell; 
FIG.  1B  shows  in  cross-section  a  particular  form 
of  a  component  of  a  cell  used  in  the  process  of  the 
invention; 
FIG.  2  shows  in  schematic  form  a  closed  loop 
system  employing  a  process  in  accordance  with 
the  invention. 

When  chloride-based  ammoniacal  copper  etchant 
baths  have  reached  or  approached  the  end  of  their 
useful  life,  it  is  necessary  to  regenerate  the  same  by 
reducing  the  copper  content  thereof.  The  removal  of 
all,  or  a  significant  portion,  of  the  copper  content  of 
such  baths  by  electrowinning  is  a  commonly  used 
step  in  the  regeneration  process.  The  use  of  a  bipolar 
cell  in  the  process  of  the  present  invention  enables 
the  electrowinning  to  be  carried  out  in  a  mannerwhich 
is  characterized  by  greater  efficiency  in  both  energy 
required  and  reduction  of  operating  time  necessary  to 
accomplish  the  desired  result. 

FIG.  1  shows  in  schematic  form  a  typical  bipolar 
cell  arrangement,  shown  overall  as  (1),  suitable  for 
use  in  the  process  of  the  invention.  The  liquid  bath  (4) 
which  is  to  be  subjected  to  electrowinning  is  held  in 
tank  (6)  which  is  provided  with  anode  (10)  and  cath- 
ode  (8).  Cathode  (8)  is  fabricated,  advantageously 
but  not  necessarily,  in  sheet  form,  from  an  etchant  re- 
sistant  metal  such  as  platinum,  palladium,  titanium, 
tantalum,  niobium  and  the  like.  Anode  (10)  is  fabricat- 
ed  in  rod,  sheet  or  other  structural  forms  convention- 
ally  employed  in  the  art,  from  carbon  or  tantalum. 
Anode  (1  0)  can  also  take  the  form,  illustrated  as  (1  0') 
in  cross-section  in  FIG.  1A,  of  a  sheet  of  an  etch  re- 
sistant  metal  (14)  on  one  side  of  which  is  a  layer  (16) 
of  conductive  oxide  of  a  noble  metal.  The  term  "noble 
metal"  is  inclusive  of  iridium,  ruthenium,  gold,  plati- 
num,  palladium  and  the  like.  In  an  alternative  form  of 
(10')  the  layer  of  conductive  noble  metal  oxide  is  pres- 
ent  on  both  sides  of  metal  sheet  (14).  Anode  (10)  and 
cathode  (8)  are  suspended  in  tank  (6)  by  conventional 
means  (not  shown),  for  example,  by  strap  means  de- 
pendent  from  bus  bars  through  which  direct  current 
can  be  supplied  to  the  cell  from  an  appropriate 
source. 

Also  suspended  in  tank  (6)  are  bipolar  plates  (12) 
which  are  fabricated  from  tantalum  metal  alone  or,  in 
an  alternative  embodiment  shown  as  (12')  in  cross- 
section  in  FIG.  1B,  from  a  sheet  (18)  tantalum  or  other 
etch  resistant  metal  (as  exemplified  above)  on  one 
side  only  of  which  is  a  layer  (20)  of  a  conductive  oxide 
of  noble  metal  as  exemplified  above.  When  the  alter- 
native  form  (12')  of  bipolar  plate  is  employed,  the 

plate  is  disposed  in  tank  (6)  so  that  layer  (20)  is  on  the 
side  closest  to  cathode  (8).  The  bipolar  plates  em- 
ployed  in  the  bipolar  cell  can  all  be  of  form  (1  2)  orform 

5  (12')  or  a  mixture  of  the  two  types  in  any  proportion 
can  be  employed.  The  bipolar  plates  (12)  or  (12')  are 
suspended  in  tank  (6)  by  conventional  means  (not 
shown)  such  as  straps  depending  from  bus  bars  and 
the  like.  However,  the  bipolar  plates  are  not  connect- 

10  ed  electrically  to  each  other  or  to  either  cathode  (8) 
or  anode  (1  0)  or  to  any  external  source  of  electric  cur- 
rent. 

When  a  voltage  is  applied  across  the  cell  (1)  a 
positive  charge  is  induced  on  each  of  the  sides  of  bi- 

15  polar  plates  (12)  which  are  oriented  towards  cathode 
(8)  and  a  negative  charge  is  induced  on  each  of  the 
sides  oriented  towards  the  anode  (10)  as  shown  in 
FIG.  1.  In  the  case  of  the  use  of  coated  bipolar  plates 
(12')  when  oriented  as  described  above,  the  positive 

20  charge  is  induced  on  the  coated  side  and  the  negative 
charge  is  induced  on  the  exposed  metal  side.  Thus  in 
electrolytic  regeneration  of  a  chloride-based  ammo- 
niacal  copper  etchant  bath,  the  deposition  of  copper 
occurs  not  only  on  cathode  (8)  but  on  the  negatively 

25  charged  sides  of  bipolar  plates  (12)  or  (12').  Hence 
the  rate  at  which  deposition  of  copper  takes  place  is 
significantly  enhanced  compared  with  the  rate  ach- 
ieved  using  electrolytic  cells  hitherto  employed  in  the 
art.  Further,  the  increase  in  rate  is  achieved  without 

30  increasing  significantly  the  current  density  applied  to 
the  cell.  Accordingly,  the  use  of  the  cell  leads  toa  sig- 
nificant  increase  in  efficiency  of  operation  not  only  in 
terms  of  shorter  operation  time. 

While  the  number  of  bipolar  plates  (12)  shown  in 
35  FIG.  1  is  five,  it  is  to  be  understood  that  this  number 

is  chosen  for  purposes  of  illustration  only.  In  actual 
practice  there  can  be  as  few  as  one  and  as  many  as 
can  be  accommodated  depending  upon  the  size  of 
cell  (6)  which  is  employed  in  any  given  instance.  The 

40  actual  number  employed  is  not  critical  and  the  appro- 
priate  number  to  employ  in  any  given  instance  is  read- 
ily  determined  by  a  process  of  trial  and  error. 

The  process  of  the  invention  is  employed  for  the 
direct  electrolytic  regeneration  of  chloride-based  am- 

45  moniacal  copper  etchant  baths.  Such  baths  generally 
comprise  aqueous  solutions  containing,  as  the  main 
components,  a  cupric  ammonium  chloride  complex 
and  ammonium  hydroxide.  As  the  etching  process 
proceeds,  the  cupric  ammonium  chloride  gradually  in- 

50  creases  in  concentration.  When  the  cupric  ion  con- 
centration  reaches  a  certain  level,  generally  of  the  or- 
der  of  about  150  g.  /I  iter,  the  rate  at  which  further  etch- 
ing  will  take  place  becomes  significantly  reduced. 
When  this  point  is  reached  it  is  necessary  either  to 

55  prepare  a  fresh  etchant  bath  and  dispose  of  the  pre- 
vious  one  or,  preferably,  to  restore  the  etch  rate  of  the 
bath  to  its  former  level.  In  order  to  achieve  the  latter 
result  it  is  necessary  to  regenerate  the  bath  by  reduc- 
ing  the  copper  content  below  the  above  level,  and  ad- 
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vantageously  to  a  level  below  about  100  g./liter,  with- 
out  significantly  altering  the  nature  and/or  concentra- 
tions  of  the  ot  her  com  pone  nts  of  t  he  bat  h  .  Th  is  des  ir- 
able  result  is  achieved  by  the  process  of  the  inven- 
tion. 

Thus,  the  copper  etchant  bath  to  be  regenerated 
is  subjected  to  direct  electrolysis  in  a  cell  as  discussed 
with  reference  to  FIG.  1  above.  The  temperature  of 
the  bath  is  advantageously  maintained  in  the  range 
of  about  21  °C  (70°F)  to  about  77°C  (170°F)  and  pre- 
ferably  in  the  range  of  about  21  °C  (70°F)  to  about 
32°C  (90°F).  The  pH  of  the  bath  liquid  is  advanta- 
geously  in  the  range  of  about  7.8  to  about  9.5  and  pre- 
ferably  in  the  range  of  about  8.0  to  about  8.2.  The  cur- 
rent  density  employed  is  advantageously  in  the  range 
of  108  to  3230  amp/m2  (ASM)  [10  to  300  amp/sq.ft. 
(ASF)]  and  preferably  in  the  range  of  753  to  1  61  5  ASM 
(70  to  150  ASF).  As  the  electrolysis  proceeds  copper 
is  deposited  in  sheet  form  on  the  cathode  (8)  and  on 
the  cathode  side  of  each  of  the  bipolar  plates  (12). 
The  electrolysis  is  continued  until  the  level  of  copper 
in  the  bath  liquor  has  fallen  to  a  desired  level  gener- 
ally  of  the  order  of  about  60  g.  /I  iter.  At  this  time  the 
etchant  liquid  remaining  in  the  cell  is  ready  for  re-use. 
The  copper  sheet  deposited  on  the  cathode  (8)  and 
cathode  side  of  plates  (12)  can  be  removed  readily  by 
peeling  in  the  form  of  a  ductile  sheet.  The  bath  re- 
maining  in  the  cell  can  then  be  re-employed  as  an 
etchant  bath  or  used  to  recharge  another  operating 
bath. 

The  above-described  process  for  the  direct  elec- 
trolytic  regeneration  of  a  chloride-based  ammoniacal 
copper  etchant  bath  can  be  incorporated  into  a  closed 
loop  system  for  maintaining  at  a  substantially  con- 
stant  level  the  amount  of  copper  present  in  an  oper- 
ating  etchant  bath  of  the  above  type.  FIG.  2  shows 
such  a  closed  loop  system  in  schematic  form.  In  the 
system  shown,  liquid  is  withdrawn  from  operating 
etchant  bath  (22),  on  a  continuous  or  semi- 
continuous  basis,  and  transferred  to  a  first  holding 
tank  (24).  The  liquid  in  tank  (24)  is  regenerated  in  cell 
(26)  in  increments  corresponding  to  the  capacity  of 
the  cell.  Cell  (26)  is  operated  in  accordance  with  the 
invention  as  described  above  in  regard  to  the  embodi- 
ment  shown  in  FIG.  1.  The  electrolysis  of  each  incre- 
ment  is  continued  until  the  copper  concentration  in 
the  liquid  has  fallen  to  a  predetermined  level,  typically 
of  the  order  of  about  one-half  of  the  copper  concen- 
tration  in  bath  (22).  When  this  point  is  reached  the  re- 
generated  etchant  is  transferred  to  second  holding 
tank  (28)  where  it  is  stored  with  increments  already 
processed.  Regenerated  etchant  is  transferred  on  a 
continuous  or  semi-continuous  basis,  as  required,  to 
the  operating  etchant  bath  (22).  The  amount  of  regen- 
erated  fluid  returned  to  bath  (22)  at  a  given  time  is 
equal  to  t  he  amou  nt  wit  hdrawn  for  regeneration  at  t  he 
same  time. 

Density  controller  (30)  constantly  monitors  the 

density  of  etchant  bath  (22).  The  bath  density  is  di- 
rectly  related  to  the  cupric  ion  concentration.  When  a 
change  in  bath  density  indicates  that  the  cupric  ion 

5  concentration  has  increased  to  a  predetermined  lev- 
el,  controller  (30)  generates  signals  which  activate 
the  appropriate  pump  means  which  cause  a  portion 
of  bath  (22)  to  be  transferred  to  first  holding  tank  (24) 
and  an  equal  portion  of  regenerated  bath  liquor  to  be 

10  transferred  from  second  holding  tank  (28)  to  bath 
(22).  The  cupric  ion  content  of  bath  (22)  is  thereby  re- 
duced  to  a  predetermined  level  and  operation  of  the 
etchant  bath  continues  until  controller  (30)  again  de- 
tects  the  incremental  rise  in  density  and  again  acti- 

15  vates  the  above  described  cycle.  The  employment  of 
density  controller  (30)  in  this  manner  is  well-known  in 
the  art  and,  accordingly,  further  discussion  of  the  na- 
ture  of  the  electronic  components,  circuitry,  and  cali- 
bration  of  the  equipment  involved  therein  is  omitted. 

20  Illustrative  of  density  controllers  which  are  available 
commercially  is  the  DSX-2  Density  Controller  mar- 
keted  by  MacDermid  Inc.  of  Waterbury,  CT. 

The  following  is  a  typical  example  of  a  direct  elec- 
trolytic  regeneration  process  according  to  the  inven- 

25  tion.  Four  liters  of  a  typical  working  bath  of  chloride- 
based  ammoniacal  copper  etchant  was  processed  in 
an  electrolytic  cell  having  a  titanium  cathode,  a  titani- 
um  sheet  coated  on  one  side  with  a  layer  of  iridium  ox- 
ide  [Eltec  Inc.]  as  anode,  and  having  suspended  in  the 

30  etchant  two  bipolar  plates  identical  to  the  anode  but 
not  connected  electrically  thereto  or  to  the  cathode. 
The  etchant  initially  contained  120  g./liter  of  copper, 
170  g./liter  of  chloride  ion  and  180  g./liter  of  ammoni- 
um  hydroxide.  The  pH  was  8.3.  A  current  density  of 

35  1  076  ASM  (1  00  ASF)  was  applied  with  the  etchant  liq- 
uor  at  26.7°C.  The  electrolysis  was  continued  until  a 
total  of  about  240  g.  of  copper  had  been  deposited  on 
the  cathode  and  on  the  cathode  side  of  the  cathode- 
/anode  plates.  No  chlorine  gas  was  generated  during 

40  the  electrolysis.  A  total  of  309  ampere  hours  was  re- 
quired.  The  copperwas  recovered  in  the  form  of  duc- 
tile  sheets  which  were  readily  peeled  from  the  cath- 
ode  and  the  anode/cathode  plates.  The  copper 
sheets  so  obtained  were  found  to  have  a  purity  of  98.9 

45  percent.  The  liquor  so  regenerated  was  used  to  re- 
plenish  an  operating  etchant  bath.  The  addition  of  the 
regenerated  liquor  did  not  atfect  the  etch  rate  of  the 
bath  which  remained  at  63.50  +  2.54  ^m/minute  (2.5 
+  0.1  mil/minute). 

so  The  direct  electrolytic  regeneration  of  chloride- 
based  ammoniacal  copper  etchants  in  accordance 
with  the  invention  has  a  significant  number  of  advan- 
tages.  The  bipolar  cell  arrangement  is  compact,  eco- 
nomical  and  efficient.  Substantially  no  toxic  chlorine 

55  gas  is  generated  at  the  anode,  in  direct  contrast  to  at- 
tempts  previously  made  to  regenerate  chloride-based 
ammoniacal  copper  etchants.  Further,  no  waste  prod- 
ucts  which  require  disposal  are  generated  since  both 
the  copper  sheet  recovered  in  the  process  and  the  re- 

4 
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generated  etchant  can  be  recycled.  Other  systems 
employed  to  recover  copper  from  etchant  baths  by 
electrolysis  have  generally  deposited  the  copper  in 
the  form  of  a  powder  which  is  much  more  difficult  to 
separate  and  handle.  As  discussed  above,  the  proc- 
ess  of  the  invention  has  the  further  advantage  that  it 
can  be  incorporated  in  a  closed  loop  etchant  system 
which  enables  an  operating  etchant  bath  to  be  main- 
tained  at  a  constant  each  rate  over  prolonged  periods. 
Further,  the  process  of  the  invention  can  be  carried 
out  using  pH  values  in  the  etchant  at  the  low  level  of 
about  7.8  to  8.6.  This  allows  the  etchant  to  be  used 
in  etching  inner  layers  which  utilize  organic  etch  re- 
sists  sensitive  to  higher  pH. 

Claims 

1.  A  process  for  the  direct  electrolytic  regeneration 
of  a  chloride-based  ammoniacal  copper  etchant 
bath  without  generating  gaseous  chlorine,  which 
process  comprises  subjecting  the  said  bath  to 
electrolysis  employing  an  etch  resistant  metal 
cathode  and  an  anode  selected  from  carbon,  tan- 
talum,  or  an  etch  resistant  metal  coated  with  a 
layer  of  a  conductive  noble  metal  oxide,  the  bath 
also  having  suspended  therein  at  least  one  bipo- 
lar  plate  selected  from  tantalum  or  a  sheet  of  etch 
resistant  metal  coated  on  one  side  thereof  with  a 
layer  of  a  conductive  noble  metal  oxide,  the  at 
least  one  bipolar  plate  not  being  connected  elec- 
trically  to  the  anode  or  cathode,  and  when  the  bi- 
polar  plate  has  a  conductive  noble  metal  oxide 
coating,  the  bipolar  plate  being  positioned  with 
the  layer  of  conductive  noble  metal  oxide  facing 
the  cathode. 

2.  A  process  according  to  claim  1,  wherein  there  is 
a  plurality  of  bipolar  plates  suspended  in  the 
bath. 

3.  A  process  according  to  claim  2,  wherein  the  bipo- 
lar  plates  are  disposed  symmetrically  in  the  bath. 

4.  A  process  according  to  claim  1,  2  or  3,  wherein 
the  cathode  is  fabricated  from  titanium. 

5.  A  process  according  to  any  one  of  the  preceding 
claims,  wherein  the  at  least  one  bipolar  plate  is  a 
sheet  of  titanium  having  one  side  thereof  coated 
with  a  layer  of  an  oxide  of  iridium,  ruthenium,  pla- 
tinum,  palladium  or  gold. 

6.  A  process  according  to  any  one  of  the  preceding 
claims,  wherein  the  process  of  electrolytic  regen- 
eration  is  continued  until  the  level  of  copper  in  the 
etchant  bath  has  been  reduced  to  a  predeter- 
mined  level. 

7.  A  process  according  to  any  one  of  the  preceding 
claims,  wherein  deposited  copper  is  thereafter 
removed  from  the  cathode  and  from  the  cathode 

5  side  of  the  bipolar  plate  or  plates  in  the  form  of  a 
ductile  sheet. 

8.  A  process  for  maintaining  the  copper  content  of 
a  chloride-based  ammoniacal  copper  etchant 

10  bath  at  a  substantially  constant  predetermined 
level  during  continuous  operation  of  the  bath, 
which  process  comprises: 

(a)  periodically  withdrawing  a  portion  of  the 
bath; 

15  (b)  subjecting  the  portion  so  withdrawn  to 
electrolytic  regeneration  in  accordance  with 
the  process  as  claimed  in  claim  6  until  the 
copper  content  has  been  reduced  to  a  prede- 
termined  level;  and 

20  (c)  thereafter  returning  to  said  bath  the  said 
portion,  or  a  similar  portion  previously  with- 
drawn  and  regenerated. 

9.  A  process  according  to  claim  8,  wherein  the  with- 
25  drawal  of  etchant  from  the  bath  and  the  return  to 

the  bath  of  regenerated  etchant  is  carried  out  on 
a  continuous  basis. 

10.  A  process  according  to  claim  9,  wherein  the  etch- 
30  ant  continuously  withdrawn  from  the  bath  is 

transferred  to  a  first  storage  means,  portions  are 
fed  from  the  first  storage  means  to  the  vessel  in 
which  the  electrolytic  regeneration  is  carried  out, 
and  the  etchant  so  regenerated  is  fed  to  second 

35  storage  means  from  which  it  is  continuously  with- 
drawn  and  returned  to  the  bath  at  a  rate  corre- 
sponding  to  that  at  which  etchant  is  being  with- 
drawn  from  the  bath  to  the  first  storage  means. 

40 
Patentanspruche 

1.  Verfahren  zur  direkten  elektrolytischen  Wieder- 
aufbereitung  eines  ammoniakalischen,  chlorid- 

45  basierenden  Kupferatzbades  ohne  Erzeugung 
gasformigen  Chlors,  wobei  das  Verfahren  auf- 
weist: 
Aussetzen  des  Bades  der  Elektrolyse  unter  Ein- 
satz  einer  atzmittelresistenten  Metallkathode 

so  und  einer  Anode,  die  ausgewahlt  ist  aus  Kohlen- 
stoff,  Tantal  oder  einem  mit  einer  Schicht  aus  ei- 
nem  leitenden  Edelmetalloxid  uberzogenen  atz- 
mittelresistenten  Metal  I,  wobei  das  Bad  aufter- 
dem  darin  eingehangt  mindestens  eine  Bipolar- 

55  platte  hat,  die  gewahlt  ist  aus  Tantal  oder  einer 
Schicht  aus  atzmittelresistentem  Metall,  das  auf 
seiner  einen  Seite  mit  einer  Schicht  aus  leiten- 
dem  Edelmetalloxid  uberzogen  ist,  wobei  die 
mindestens  eine  Bipolarplatte  elektrisch  nicht  mit 

5 
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der  Anode  oder  der  Kathode  verbunden  ist,  und 
die  Bipolarplatte,  wenn  sie  einen  leitenden  Edel- 
metalloxiduberzug  hat,  mit  der  Schicht  aus  leiten- 
dem  Edelmetalloxid  der  Kathode  gegenuberlie- 
gend  positioniert  ist. 

2.  Verfahren  nach  Anspruch  1,  wobei  eine  Vielzahl 
von  Bipolarplatten  in  das  Bad  gehangt  sind. 

3.  Verfahren  nach  Anspruch  2,  wobei  die  Bipolar- 
platten  symmetrisch  im  Bad  angeordnet  sind. 

4.  Verfahren  nach  Anspruch  1,  2  oder  3,  wobei  die 
Kathode  aus  Titan  hergestellt  ist. 

5.  Verfahren  nach  einem  der  vorangehenden  An- 
spruche,  wobei  die  mindestens  eine  Bipolarplatte 
ein  Blatt  aus  Titan  ist,  dessen  eine  Seite  mit  einer 
Schicht  eines  Oxidsvon  Iridium,  Ruthenium,  Pla- 
tin,  Palladium  oder  Gold  uberzogen  ist. 

6.  Verfahren  nach  einem  der  vorangehenden  An- 
spruche,  wobei  das  Verfahren  der  elektrolyti- 
schen  Wiederaufbereitung  fortgesetzt  wird,  bis 
das  Kupferniveau  im  Atzbad  auf  einen  vorgege- 
benen  Pegel  reduziert  wurde. 

7.  Verfahren  nach  einem  der  vorangehenden  An- 
spruche,  wobei  abgeschiedenes  Kupfer  danach 
von  der  Kathode  und  von  der  Kathodenseite  der 
Bipolarplatte  oder  -platten  in  Form  eines  bruchi- 
gen  Blatts  entfernt  wird. 

8.  Verfahren  zum  Aufrechterhalten  des  Kupferge- 
halts  eines  ammoniakalischen,  chloridbasieren- 
den  Kupferatzbades  auf  einem  im  wesentlichen 
konstanten,  vorgegebenen  Niveau  wahrend  ei- 
nes  kontinuierlichen  Betriebs  des  Bades,  wobei 
das  Verfahren  aufweist: 

(a)  periodisches  Ableiten  eines  Teils  des  Ba- 
des; 
(b)  Aussetzen  des  so  abgeleiteten  Teils  einer 
elektrolytischen  Wiederaufbereitung  in  Uber- 
einstimmung  mit  dem  in  Anspruch  6  bean- 
spruchten  Verfahren  bis  der  Kupfergehalt  auf 
einen  vorgegebenen  Pegel  verringert  wurde; 
und 
(c)  danach  Ruckfuhrung  des  Teils  zum  Bad 
oder  eines  gleichen,  zuvor  abgeleiteten  und 
wiederaufbereiteten  Teils. 

9.  Verfahren  nach  Anspruch  8,  wobei  das  Ableiten 
des  Atzmittels  aus  dem  Bad  und  das  Wiederzu- 
fuhren  des  wiederaufbereiteten  Atzmittels  zum 
Bad  in  kontinuierlicher  Art  ausgefuhrt  wird. 

10.  Verfahren  nach  Anspruch  9,  wobei  das  kontinu- 
ierlich  vom  Bad  abgeleitete  Atzmittel  einer  ersten 

Speichereinrichtung  zugefuhrt,  Teile  von  der  er- 
sten  Speichereinrichtung  dem  Behalter,  in  dem 
die  elektrolytische  Wiederaufbereitung  ausge- 

5  fuhrt  wird,  eingespeist  und  das  so  wiederaufbe- 
reitete  Atzmittel  einer  zweiten  Speichereinrich- 
tung  zugefuhrt  wird,  von  deres  kontinuierlich  ab- 
geleitet  und  dem  Bad  in  einer  Geschwindigkeit 
wieder  zugefuhrt  wird,  die  der  Geschwindigkeit 

10  entspricht,  mit  der  das  Atzmittel  aus  dem  Bad  zur 
ersten  Speichereinrichtung  abgeleitet  wird. 

Revendications 
15 

1.  Procede  pour  la  regeneration  electrolytique  direc- 
ts  d'un  bain  ammoniacal  a  base  de  chlorures  d'at- 
taque  du  cuivre  sans  produire  de  chlore  gazeux, 
lequel  procede  comprend  I'application  audit  bain 

20  d'une  electrolyse  en  utilisant  une  cathode  de  me- 
tal  resistant  a  I'attaque  et  une  anode  choisie  par- 
mi  le  carbone,  le  tantale,  ou  un  metal  resistant  a 
I'attaque  revetu  d'une  couche  d'un  oxyde  de  me- 
tal  noble  conducteur,  le  bain  comportanten  outre, 

25  suspendue  a  I'interieur,  au  moins  une  plaque  bi- 
polaire  choisie  parmi  le  tantale  ou  une  feuille  de 
metal  resistant  a  I'attaque  revetue  sur  I'un  de  ses 
cotes  d'une  couche  d'un  oxyde  de  metal  noble 
conducteur,  ladite  au  moins  une  plaque  bipolaire 

30  n'etant  connectee  electriquement  ni  a  I'anode  ni 
a  la  cathode,  et  lorsque  la  plaque  bipolaire 
comporte  un  revetement  d'oxyde  de  metal  noble 
conducteur,  la  plaque  bipolaire  etant  placee  avec 
la  couche  d'oxyde  de  metal  noble  conducteur  fai- 

35  sant  face  a  la  cathode. 

2.  Procede  selon  la  revendication  1  ,  dans  lequel  il  y 
a  une  pluralite  de  plaques  bipolaires  suspendues 
dans  le  bain. 

40 
3.  Procede  selon  la  revendication  2,  dans  lequel  les 

plaques  bipolaires  sont  disposees  symetrique- 
ment  dans  le  bain. 

45  4.  Procede  selon  la  revendication  1  ,  2  ou  3,  dans  le- 
quel  la  cathode  est  fabriquee  a  partir  de  titane. 

5.  Procede  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  ladite  au  moins 

so  une  plaque  bipolaire  est  une  feuille  de  titane  dont 
un  cote  est  revetu  d'une  couche  d'un  oxyde  d'iri- 
dium,  de  ruthenium,  de  platine,  de  palladium  ou 
d'or. 

55  6.  Procede  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  le  procede  de  re- 
generation  electrolytique  est  continu  jusqu'a  ce 
que  le  niveau  de  cuivre  dans  le  bain  d'attaque  ait 
ete  reduita  un  niveau  predetermine. 

6 
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7.  Procede  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  le  cuivre  depose 
est  ensuite  retire  de  la  cathode  et  du  cote  catho- 
de  de  la  plaque,  ou  des  plaques,  bipolaire(s)  sous  5 
la  forme  d'une  feuille  malleable. 

8.  Procede  pour  maintenir  la  teneur  en  cuivre  d'un 
bain  ammoniacal  a  base  de  chlorures  d'attaque 
du  cuivre  a  un  niveau  predetermine  sensiblement  10 
constant,  en  fonctionnement  continu  du  bain,  le- 
quel  procede  comprend  : 

(a)  I'extraction  periodique  d'une  partie  du 
bain  ; 
(b)  I'application,  a  la  partie  ainsi  extraite,  de  la  15 
regeneration  electrolytique  selon  le  procede 
revendique  dans  la  revendication  6  jusqu'a  ce 
que  la  teneur  en  cuivre  ait  ete  reduite  a  un  ni- 
veau  predetermine  ;  et, 
(c)  le  renvoi  ensuite  dans  ledit  bain  de  ladite  20 
partie,  ou  d'une  partie  similaire  extraite  et  re- 
generee  anterieurement. 

9.  Procede  selon  la  revendication  8,  dans  lequel 
I'extraction  de  I'agent  d'attaque  du  bain  et  le  re-  25 
tour  dans  le  bain  de  I'agent  d'attaque  regenere 
s'effectue  en  continu. 

10.  Procede  selon  la  revendication  9,  dans  lequel 
I'agent  d'attaque  extrait  en  continu  du  bain  est  30 
transfere  dans  un  premier  moyen  de  stockage, 
des  parties  sont  delivrees  a  partir  dudit  premier 
moyen  de  stockage  au  recipient  dans  lequel  la  re- 
generation  electrolytique  est  effectuee,  et  I'agent 
d'attaque  ainsi  regenere  est  delivre  a  un  second  35 
moyen  de  stockage  a  partir  duquel  il  est  extrait  en 
continu  et  renvoye  au  bain  a  un  debit  correspon- 
dant  a  celui  auquel  I'agent  d'attaque  est  extrait  du 
bain  vers  le  premier  moyen  de  stockage. 
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